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Outline

• Question: How learnable are abstract URs?

• Test case: an alternation pattern in Maga Rukai that requires 
positing relatively abstract URs

 Method: diachronic change as a window into 
learnability 

• Finding: Rukai has been restructured in a way that makes it 
less abstract (and less opaque)
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“Typical” morphophonemic analyses allow us to 
posit abstract URs  

• An example from Rukai (Hsin 2001) 

         /timusu/

• tmusu   ik-timsu-u  
• ‘SALT’   ‘NOT SALT’ 

• The more abstract URs are allowed to be, the more difficult 
UR learning becomes (larger search space of possible URs)
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Resulting Abstractness
No single surface 
allomorph tells us about 
all the underlying vowels.

UR is “composite” 



The abstractness debate
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Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

E/F
abstract phonemes

KK-levels: 
Kenstowicz & Kisseberth 1977, ch. 1
Wang and Hayes, 2024



The abstractness debate
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Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

E/F
abstract phonemes

/ tmsu /

/ tmusu /

/ tmusu / , /timsu/

/ timusu /, / tmusu / , /timsu/, 
/timus/, /tims/, /tmus/…

UR search space 
[tmusu]~[ik-timsu-u]

KK-levels: 
Kenstowicz & Kisseberth 1977, ch. 1
Wang and Hayes, 2024



The abstractness debate
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Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

Support: Albright (2002, 2010, et seq); Dowd (2005)

Evidence against: Kiparsky (1968, 1973, 1982); 
Derwing (1973); Hooper (1976); Tranel (1981); Gouskova 
(2012), Rysling (2016), and more

Are the KK-D URs of Maga 
Rukai learned by speakers? 

KK-levels: 
Kenstowicz & Kisseberth 1977, ch. 1
Wang and Hayes, 2024

E/F
abstract phonemes

Related to: listed allomorphs (Zuraw 2000; 2010)



Austronesian language spoken 
in Southern-Central Taiwan 

Dialects: Maga, Tanan, Budai, 
Tona, Labuan, Mantauran

Low mutual intelligibility

Maolin Township
 population ~866
 Much fewer speakers

Language details – Maga Rukai
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Rhythmic syncope: medial vowels are deleted in 
odd syllables counting from the left edge
• Prefixation shifts the position of deleted vowels

• Derivation for ‘shine’ 
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STEM **NEGATIVE, i(k)- -V
UR / li   mi  li  ma cɨ /

   1    2   3     4   5
/ i - li   mi   li  ma cɨ /
   1   2    3    4    5   6

Syncope [  l_ mi  l_ ma cɨ ] [  i   li   m_  li  m_ cɨː]
SR [ lmilmacɨ ] [ ilimlimcɨː ]

**Negation is indicated by the prefix /i-(k-) /and lengthening of 
the final vowel.  



Not all affixes trigger vowel alternations
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Affix Gloss Bare stem Example Unattested
ma- stative rkɨmɨ ma-rkɨmɨ *ma-rɨkmɨ
u- dynamic vb θlibi u-θlibi *u-θilbi
si- to put on kpiŋi si-kpiŋi *si-kipŋi
i- -V negation pliŋɨ i-pilŋɨː *i-pliŋɨː
-aː imperative skulu sukl-aː *skul-aː
l- plural vlakɨ l-valkɨː *l-vlakɨː

no syncope 
alternations

suffix



Not all affixes trigger vowel alternations
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Affix Gloss Bare stem Example Unattested
ma- stative rkɨmɨ ma-rkɨmɨ *ma-rɨkmɨ
u- dynamic vb θlibi u-θlibi *u-θilbi
si- to put on kpiŋi si-kpiŋi *si-kipŋi
i- -V negation pliŋɨ i-pilŋɨː *i-pliŋɨː
-a imperative skulu sukl-aː *skul-aː
l- plural vlakɨ l-valkɨː *l-vlakɨː

no syncope 
alternations

focus on 
this one



Diachronic development of rhythmic syncope

  ‘shine’   ‘shine.NEG’ 
 
  (liˌmi)(liˈma)cɨ    (iˌli)(miˌli)(maˈcɨː) 

 
•    
  (l_ˌmi)(l_ˈma)cɨ   (iˌli)(m_ˌli)(m_ˈcɨː)

•   [ lmilmacɨ ]  [ i-limlimcɨː ]
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2. Deletion of 
unstressed vowels 

1.  Alternating stress 
language



Big picture

Q: How stable is rhythmic syncope in Rukai (and therefore, 
how learnable are composite URs)?

Method: Look at patterns of paradigm restructuring in Maga 
Rukai, by comparing data from Proto-Rukai to Maga-Rukai
 ~500 Proto-Rukai forms (Li 1977)

 959 Maga Rukai paradigms (Hsin 2001)
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[t m u s u] ~ [ik – t i m s uː]

/ t i m u s u /



Proto-Rukai provides a reliable picture of 
what vowels looked like before structuring
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Maga-Tona Budai-TananMantauran

Proto-Rukai (Li 1977)

Maga Tona Budai Tanan
Abstractness 
resulting from 
extreme vowel 
deletion

No vowel deletion
(Tona and Tanan have no 
vowel-related changes)



How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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Onset-less vowels don’t delete [N=194/206, 94%]
UR   SR   gloss
/abu/  abu (*bu)  ‘ash’
/alapi/  alapi (*lapi)  ‘slate’
/takuasɨ/ tkuasɨ (cf. *takusɨ) ‘bamboo partridge’



Vowels in hiatus don’t delete [N=23/23, 100%]
UR   SR   gloss
/tanakiasɨ/ tnakiasɨ (*tnakasɨ)  ‘egret’
/kulueŋɨ/ klueŋɨ (*kluŋɨ)  ‘sparrow’
/i-kucia-V/ i-kiciaː (cf. *i-kicaː) ‘scissors’

How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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PREDICTABLE FROM… UR STEM NEGATIVE

both allomorphs /abu/ abu i-abuː
stem allomorph /abakɨ/ abakɨ ik-abkɨː
negative allomorph /rana/ rnaː ik-ranaː
neither (composite) /timusu/ tmusu ik-timsuː

deleting position, but 
initial/onsetless

not in a 
deleting 
position



How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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PREDICTABLE FROM… UR STEM NEGATIVE

both allomorphs /abu/ abu i-abuː
stem allomorph /abakɨ/ abakɨ ik-abkɨː
negative allomorph /rana/ rnaː ik-ranaː
neither (composite) /timusu/ tmusu ik-timsuː

In a deleting position, 
but is initial/onsetless



How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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PREDICTABLE FROM… UR STEM NEGATIVE

both allomorphs /abu/ abu i-abuː
stem allomorph /abakɨ/ abakɨ ik-abkɨː
negative allomorph /rana/ rnaː ik-ranaː
neither (composite) /timusu/ tmusu ik-timsuː

no vowels 
in deleting 

position



How abstract does the lexicon actually need to be in 
Maga?
Not all paradigms require composite URs, because of 
restrictions on syncope. 
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PREDICTABLE FROM… UR STEM NEGATIVE

both allomorphs /abu/ abu i-abuː
stem allomorph /abakɨ/ abakɨ ik-abkɨː
negative allomorph /rana/ rnaː ik-ranaː
neither (composite) /timusu/ tmusu ik-timsuː

actually 
composite



Most of the lexicon requires composite URs

Not all paradigms require composite URs, because of 
restrictions on syncope. 
Counts by paradigm type (if syncope applies regularly): 
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PREDICTABLE FROM… KK-LEVEL REQUIRED N P
both allomorphs A: invariant 84 0.08
stem allomorph B/C: surface allomorph 96 0.09
negative allomorph B/C: surface allomorph 230 0.22
neither D: composite 639 0.61

most of the lexicon



Proposal (and preview of results)

• Maga rhythmic syncope has been restructured as 
metathesis and vowel-copying (that is 
exceptionally triggered by some morphemes)

  making the pattern more concrete
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• Matching
• [θlibi] ~ [i-θilbiː]  ‘fly’ 
• [ɖmarɨ] ~ [i-k-ɖamrɨː] ‘moon’
• [rnaː] ~ [ik-ranaː]  ‘creek’
• [abakɨ] ~ [ik-abkɨː]  ‘souls’

• Non-matching
• [tmusu] ~ [i-k-timsuː] ‘salt’
• [amicu] ~  [i-amcuː]  ‘nightshade’
• [tbiː]      ~ [i-tubiː]  ‘weep’

Observation: alternating vowels 
 tend to match each other
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In Hsin’s corpus, 52% 
(N= 410/790) of 
paradigms are 
vowel-matching
cf. chance rate = 16.7%



• Matching
• [θlibi] ~ [i-θilbiː]  ‘fly’ 
• [ɖmarɨ] ~ [i-k-ɖamrɨː] ‘moon’
• [rnaː] ~ [ik-ranaː]  ‘creek’
• [abakɨ] ~ [ik-abkɨː]  ‘souls’

• Non-matching
• [tmusu] ~ [i-k-timsuː] ‘salt’
• [amicu] ~  [i-amcuː]  ‘nightshade’
• [tbiː]      ~ [i-tubiː]  ‘weep’

Vowel-matching makes paradigms 
predictable from both surface allomorphs
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• Matching
• [θlibi] ~ [i-θilbiː]  ‘fly’ 
• [ɖmarɨ] ~ [i-k-ɖamrɨː] ‘moon’
• [rnaː] ~ [ik-ranaː]  ‘creek’
• [abakɨ] ~ [ik-abkɨː]  ‘souls’

• Non-matching
• [tmusu] ~ [i-k-timsuː] ‘salt’
• udalɨ i-udalɨ   ‘rain’
• u-tbiː ~ i-tubiː

Vowel-matching makes paradigms 
predictable from both surface allomorphs
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Looks like metathesis
stem → negative
UR (=stem)  /i-k-dm1a2rɨ/ 
SR     [i-k-da2m1rɨː]



• Matching
• [θlibi] ~ [i-θilbiː]  ‘fly’ 
• [ɖmarɨ] ~ [i-k-ɖamrɨː] ‘moon’
• [rnaː] ~ [ik-ranaː]  ‘creek’
• [abakɨ] ~ [ik-abkɨː]  ‘souls’

• Non-matching
• [tmusu] ~ [i-k-timsuː] ‘salt’
• udalɨ i-udalɨ   ‘rain’
• u-tbi ~ i-tubiː

Vowel-matching makes paradigms 
predictable from both surface allomorphs

27

Looks like vowel copying
stem → negative
UR (=stem) /i-k-rna1-V/ 
SR    [i-k-ra1naː1]

Similar patterns of 
predictability across 
all paradigm types



Prediction: 
If learners avoid abstract URs, then vowel-related 
changes should result in more vowel-matching
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Proto-Rukai Expected SRs Actual SRs Gloss
*samito smitu ∼ i-k-samtuː smitu ∼ i-k-simtuː ‘lips’
*tobakə tbakɨ ∼ i-k-tubkɨː tbakɨ ∼ i-k-tabkɨː ‘shell’



Result: 
Vowel-related changes between Proto-Rukai and 
Maga Rukai have resulted in more vowel-matching
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Proto-Rukai Expected SRs Actual SRs Gloss
*samito smitu ∼ i-k-samtuː smitu ∼ i-k-simtuː ‘lips’
*tobakə tbakɨ ∼ i-k-tubkɨː tbakɨ ∼ i-k-tabkɨː ‘shell’

CHANGE RESULTS IN… N P EXAMPLE
MORE vowel matching 39 0.70 *samito → /simitu/

LESS vowel matching 5* 0.09 *vili → /vuli/
neither 12 0.21 *pilay → /puleː/
*2 explainable through other alternations



Question: 
Exactly what level of abstractness is permitted in 
Maga Rukai?  
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Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

KK-levels: 



Question: 
Exactly what level of abstractness is permitted in 
Maga Rukai?  

31

Abstract

Concrete A 
invariant only

B-1
stem-base

C
any surface allomorph

D
segmentally composite

KK-levels: 

B-2
negative-base



Question: 
Exactly what level of the abstractness is permitted 
in Maga Rukai?  
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Abstract

Concrete A 
invariant only

B-1
stem-base

C
any surface allomorph

D
segmentally composite

KK-levels: 

B-2
negative-base

Too restrictive; would predict 
that all contrasts are lost in 
alternating vowels
Observed paradigm Learned UR
[ɖmarɨ]~[ik-ɖamrɨː] /ɖmrɨ/
[tmusu]~[ik-timsuː] /tmsu/

Hypothetical grammar
/ɖmrɨ/ [ɖmərɨ]~[ik-ɖəmrɨː] 
/tmsu/ [tməsu]~[ik-təmsuː] 



Question: 
Under each level of the KK-
hierarchy, which paradigms 
should undergo vowel-
matching changes?  
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TYPE UR STEM NEGATIVE B1 B2 C D

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː x x x x

stem-base /abakɨ/ abakɨ ik-abkɨː x ✓ x x

negative-base /rana/ rnaː ik-ranaː ✓ x x x

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː ✓ ✓ ✓ x

B-1: stem-base
B-2: negative-base
C: any surface allomorph
D: segmentally composite



Results suggest that vowel-matching increases a 
paradigm’s predictability from the stem form
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Vowel-matching 
results in a 
metathesis pattern
[ɖmarɨ]~[i-k-ɖamrɨː]

Vowel-matching 
results in a copying 
pattern
[rna]~[i-k-ranaː]

chance 
rate



Results suggest that vowel-matching increases a 
paradigm’s predictability from the stem form
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Question: 
Under each level of the KK-
hierarchy, which paradigms 
should undergo vowel-
matching changes?  

36

TYPE UR STEM NEGATIVE B1 B2 C D

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː x x x x

stem-base /abakɨ/ abakɨ ik-abkɨː x ✓ x x

negative-base /rana/ rnaː ik-ranaː ✓ x x x

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː ✓ ✓ ✓ x

B-1: stem-base
B-2: negative-base
C: any surface allomorph
D: segmentally composite

Answer: likely to be KK-B; learners have a strong 
preference for stem-based restructuring
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Restructuring towards stem
 Proto-Rukai:  *samito 
 Expected paradigm: smitu ~ ik-samtuː
 Actual paradigm: smitu ~ ik-simtuː 

Restructuring towards negative
 Proto-Rukai:  *sinawsinaw 
 Expected paradigm: snosno ~ i-sinsinoː
 Actual paradigm: snisno ~ i-sinsinoː 

   

Results are supported by the 
direction of vowel-matching changes



Vowel-matching changes have been mostly towards 
the stem form
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Restructuring towards stem (48/56 = 87%)
 Proto-Rukai:  *samito 
 Expected paradigm: smitu ~ ik-samtuː
 Actual paradigm: smitu ~ ik-simtuː 

Restructuring towards negative (2/56 = 4%)
 Proto-Rukai:  *sinawsinaw 
 Expected paradigm: u-snosno ~ i-sinsinoː
 Actual paradigm: u-snisno ~ i-sinsinoː 

Unclear, both Vs changed (5/56, 9%)

These have other
explanations, e.g.
CiCo reduplication
(Zeitoun 2007; 
Zeitoun 2024) 



Results: speakers are learning URs in line with level 
B(1) of the abstractness hierarchy

39

smitu ~ ik-samtuː 

smitu ~ ik-simtuː

Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

E
abstract phonemes

KK-levels: 
Kenstowicz & Kisseberth 1977, ch. 1
Wang and Hayes, 2024



Caveat: in addition to vowel-matching, paradigms 
also undergo leveling
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• In Hsin’s corpus of Maga forms, not all paradigms show the 
expected vowel alternation pattern.

• Regularly alternating
• tpulu∼i-tapluː
• amudu ∼ ik-amduː

• Exceptions to regular syncope pattern
• udalɨ∼i-udalɨː (cf. udalɨ∼i-udlɨː)
• blavnɨ ∼ ik-b∅lavnɨː (cf. blavnɨ∼ik-bulvanɨː)
• mɨcɨ ∼ i-mɨcɨɨ (cf. mcɨː ∼ i-mɨcɨː)

ß leveled to stem

ß Leveled to stem

ß Leveled to negative



Alternations are more likely to leveled for paradigms 
that do not look like metathesis
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*excluding paradigms that were non-alternating to 
begin with, e.g. [abu] ∼ [i-abu]

Figure: rate of regularly alternating forms

Original UR type
Type of stem-based analysis 

Lots of leveling, even when 
predictable from stem



Patterns of leveling show that…

• Leveling can be towards both allomorphs, in line with KK-C 
(choosing from allomorphs) of the abstractness hierarchy. 

• Vowel-matching increased both metathesis-type and
copying-type patterns…

• Why do the metathesis-type paradigms get leveled less than 
the copying-type paradigms? 
⁃ these are the most frequent paradigm type
⁃ leveling is motivated by other markedness reasons
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Revised results: 
speakers prefer to learn stem-based URs, but can also 
learn negative-base URs, in line with KK-C

43

smitu ~ ik-samtuː 

smitu ~ ik-simtuː

Abstract

Concrete A 
invariant only

B 
single-base

C
any surface allomorph

D
segmentally composite

E
abstract phonemes

KK-levels: 
Kenstowicz & Kisseberth 1977, ch. 1
Wang and Hayes, 2024



Summing up

• Result of restructuring: In Maga, an abstract-amenable rhythmic
syncope alternation was reanalyzed as a concrete pattern.

• Direction of restructuring. Has been asymmetrically towards the
stem allomorph, providing partial support for a single-base view
of morphophonemic learning.

• The resulting analysis…
⁃ preserved vowel alternations to some degree
⁃ is imperfect: has exceptions, and is not motivated by global

phonological principles

• Suggesting that speakers prefer to learn learn an imperfect 
but more concrete pattern, than one that is abstract.
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Thank you! takɖɨŋesu！
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Thanks to: members of Cornell phonetics lab, Bruce Hayes, Dustin Bowers, Elizabeth 
Zeitoun, Abigail Cohn, Maria Gouskova, for their insight and comments J



The Rukai alternation pattern…

• is morpheme-specific
• [kpiŋi] ~ [si-kpiŋi] (instrumental)

• triggered by both prefixes and suffixes
• [skulu] ~ [sukl-aː] (imperative)
• [ɖmarɨ] ~ [i-k-ɖamrɨː]
• [vlakɨ] ~ [l-valkɨ] (plural, not productive)

• Not easily described by suffixal alignment constraints
• [ɖmarɨ ~ ik-ɖamr-ɨː]
• [rkɨrkɨ ~ ik-rɨkrɨk-ɨː]
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One proposal: root structure constraints?

• *√CVunaffixed  *√CCaffixed

• [rnaː]  [ik-ranaː]
• [ɖmarɨ]  [i-k-ɖamrɨː]
• [rkɨrkɨ]  [i-k-rɨkrɨkɨː]
• [skulu]  [sukl-aː]
• [vlakɨ]  [l-valkɨ]

• Similar to:
⁃ source vs. product oriented generalizations (Becker & Gouskova 2016)
⁃ Constraints indexed to roots vs. derived stems (Jurgec and Bjorkman 

2018)
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Not easily described by suffixal alignment constraints

• [ɖmarɨ ~ ik-ɖamr-ɨː]
• [rkɨrkɨ ~ ik-rɨkrɨk-ɨː]

48

Shape of the right edge of the
stem changes depending on
polarity (even/odd)
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alternating: [rnaː]~ [ik-ranaː]
leveled: [rana] ~ [ik-ranaː]

alternating: [ubuŋu]~ [ik-ubŋuː]
leveled: [ubuŋu] ~ [ik-ubuŋuː]

Markedness-driven leveling?



Alternations are more likely to leveled for paradigms 
that do not look like metathesis
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*excluding paradigms that were non-alternating to 
begin with, e.g. [abu] ∼ [i-abu]

Figure: rate of alternating forms
Stem-base paradigms 
have leveled towards the 
stem. 

E.g. [tru] ~ [ik-turuː] 

  .
 [turu] ~ [ik-turuː]



Alternations are more likely to leveled for paradigms 
that do not look like metathesis
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*excluding paradigms that were non-alternating to 
begin with, e.g. [abu] ∼ [i-abu]

Figure: rate of alternating forms
Negative-base paradigms 
have mostly leveled 
towards the negative. 

E.g. [ubalɨ] ~ [ik-ublɨː] 

     .
 [ubalɨ] ~ [ik-ubalɨː]



Alternations are more likely to leveled for paradigms 
that do not look like metathesis
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*excluding paradigms that were non-alternating to 
begin with, e.g. [abu] ∼ [i-abu]

Figure: rate of alternating forms

Otherwise, preference for 
leveling towards the stem

E.g. [skuɖu] ~ ik-sakɖuː]

     .
 [skuɖu] ~ [ik-s∅kuɖuː]



Extra slides…  
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Remaining problem:  what motivates metathesis?

Under our new metathesis analysis, ‘see’ would have UR/SRs: 
 /cŋɨlɨ/  [cŋɨlɨ] ~ [i-cɨŋlɨː] 
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UR is identical to stem allomorph 
because evidence suggests that URs are based on the stem allomorph



Remaining problem:  what motivates metathesis?

Deriving ‘see’ /cŋɨlɨ/ [cŋɨlɨ] ~ [i-cɨŋlɨ] 
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Faithful candidate
Winner

Faithfulness constraint that 
penalizes metathesis

Markedness constraint that 
motivates metathesis

/i-cŋɨlɨ/ M F
a. i-cŋɨlɨ *!

→ b. i-cɨŋlɨ *
/cŋɨlɨ/
→ c. cŋɨlɨ

d. cɨŋlɨ *!

In the stem, the 
faithful candidate 

wins because 
metathesis is not 

motivated



Remaining problem:  what motivates metathesis?

Deriving ‘see’ /cŋɨlɨ/ [cŋɨlɨ] ~ [i-cɨŋlɨ] 
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Wrong winner

Faithfulness constraint that 
penalizes metathesis

Markedness constraint that 
motivates metathesis

/i-cŋɨlɨ/ *CC LINEARITY
L a. i-cŋɨlɨ *

b. i-cɨŋlɨ * *!
/cŋɨlɨ/
→ c. cŋɨlɨ *

d. cɨŋlɨ * *!

Problem: No clear markedness motivation
CC clusters (and complex onsets) are found elsewhere in Maga
Examples: [cŋɨlɨ], [tŋupru], [i-cɨŋlɨː]



(Tentative) proposal

• Metathesis in Maga is driven by morpheme-specific 
requirements rather than the global phonology 

• Aligns with the typology of metathesis
⁃ Restricted to particular segments or positions (Hume & Seo 2004; Sohn 

1980)
⁃ Not true transposition, but rather gestural overlap (Gilbert & Mooney  

2021; Mooney 2022)
⁃ restricted to particular morphemes (Butskhrikidze & van de Weijer 2003)

57



Implementation: lexically indexed constraints
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• Constraints can be indexed to a morpheme or a set of 
morphemes (Pater 2006, 2008)

• Alternative: co-phonologies (Inkelas and Zoll 2007)

• * L[CC : Assign a violation mark to any CC at the boundary of 
a morpheme specified as L

• Intuition: Metathesis to break up CC clusters is triggered by 
some prefixes



Approach 1: indexed constraints (Pater 2006, 2008)

Deriving ‘see’ /cŋɨlɨ/ [cŋɨlɨ] ~ [i-cɨŋlɨ] 

59

Faithful candidate
Winner

Faithfulness constraint that 
penalizes metathesis

Markedness constraint that 
motivates metathesis

/iL-cŋɨlɨ/ *L[CC LINEARITY *CC
a. i-cŋɨlɨ *! *

→ b. i-cɨŋlɨ * *
/cŋɨlɨ/
→ c. cŋɨlɨ *

d. cɨŋlɨ *! *
Un-prefixed 
stem does not 
violate the 
indexed 
constraint

General markedness 
constraint is ranked 
low

Problem: the locus of the constraint violation should 
be on the prefix (indexed morpheme), but is not.



Approach 2: Syllable alignment

Deriving ‘see’ /cŋɨlɨ/ [cŋɨlɨ] ~ [i-cɨŋlɨ] 

60

Faithfulness constraint that 
penalizes metathesis

Markedness constraint that 
motivates metathesis

/iL-cŋɨlɨ/ *L[CC LINEARITY *CC
a. (i-c.ŋɨ).lɨ *! *

→ b. (i-cɨŋ).lɨ * *
/cŋɨlɨ/
→ c. cŋɨlɨ *

d. cɨŋlɨ *! *

General 
markedness 
constraint is 
ranked low

Problem: the locus of the constraint violation should 
be on the prefix (indexed morpheme), but is not.



Finishing up the analysis - longer words

Deriving ‘shrimp’ /tkasluɖu/ [tkasluɖu] ~ [i-taksulɖu] 

61

Faithful

Winner

/iL-tkasluɖu/ *L[CC *CCC LINEARITY *CC
a. i-tkasluɖu *! **
b. i-taksluɖu *! * **

→ c. i-taksulɖu ** **

*CCC forces metathesis of other vowels to 
fit general well-formedness constraints

{ *L[CC ,  MAX-C, *CCC } ≫ LINEARITY  ≫ *CC

metathesizes V1
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(Metrical) opacity

63

Syncope must happen after building the metrical structure which conditions  it; put 
another way, syncope removes the environment that conditions it

UR /timusu/ /tavaŋulu/
Metrical Struc. (ti.mu).su (ta.va)(ŋulu)

Syncope tmu.su tvaŋ. lu
Assign stress tmú.su tváŋ.lu

SR [tmúsu] [tváŋlu]



Restructuring that removes opacity, but not
abstractness of URs

64

• UR  Old pattern  New pattern
• /sima/ smaː ~ ik-simaː  səma ~ ik-simaː 
• /rana/ rnaː ~ ik-ranaː   rəna ~ ik-ranaː 
• /ɖamarɨ/ ɖmarɨ ~ ik-ɖamrɨː  ɖəmarɨ ~ ik-ɖamərɨː 
• /timusu/ tmusu ~ ik-timsuː  təmusu ~ ik-timəsuː 
• /giŋigiŋi/ gŋigŋi ~ ik-giŋgiŋiː  gəŋigəŋi ~ ik-giŋəgiŋiː 



Monte Carlo simulations
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Expected rate of vowel-
matching, given chance, 
in Proto-Rukai

Actual rate in 
Proto-Rukai

Rate in 
Maga Rukai

Pooled over all vowels



Monte Carlo simulations
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Expected rate of vowel-
matching, given chance, 
in Proto-Rukai

Actual rate in 
Proto-Rukai

Rate in 
Maga Rukai



*CCC-avoidance
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CC-
initial prefix type n p example
no i- alternating 41 0.65 i-ubrɨɨ

other 22 0.35 i-udalɨ
no ik- alternating 68 0.68 ik-avŋɨɨ

other 32 0.32 ik-anuruː
yes i- alternating 163 0.79 i-kulbuŋuː

other 44 0.21 i-ckickiː
yes ik- alternating 321 0.91 ik-silviː

other 32 0.09 ik-blavnɨː



Historical explanations for failure to undergo 
syncope are not enough
Proto-Rukai diphthongs and VʔV sequences generally fail to undergo 
syncope in modern Rukai:
 Proto-Rukai  Maga (regular)
 *daʔanə → danɨ (dnɨː) ‘house’ 
 *payso → pesu (psuː) ‘money’
 *bəʔəkə → bɨkɨ (bkɨː) ‘pig’

Only accounts for 35/70 (50%) of stem allomorphs that have a known 
protoform and fail to undergo syncope. 

 *koroŋo → kurŋu (kruŋu) ‘cloud’
 *dokoʔo → duku (dkuː) ‘grow (plant)’
 *pəkə → pɨkɨ (pkɨː) ‘house lizard’
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Proportion of vowel-matching by vowel
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ɖmarɨ ~ ik-ɖamrɨː 

slelibu ~ ik-sellibuː

priŋi ~ ik-pirŋiː

rnɨgɨ ~ ik-rɨngɨː

gromasɨ ~ ik-gormasɨː

spuŋu ~ iksupŋuː

True across all vowel 
contexts in composite URs

Even when not historically 
matching



Vowel-matching makes paradigms 
predictable from both surface allomorphs
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ORIGINAL UR TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː ?

stem-base /abakɨ/ abakɨ ik-abkɨː ?

negative-base /rana/ rnaː ik-ranaː ?

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː ?

What is the effect of vowel-matching on the surface 
predictability of these paradigms?



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː

negative-base /rana/ rna ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː

No effect: paradigm was already 
predictable from both allomorphs



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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UR (=stem) /abakɨ/ /ik-abakɨ-V/ 
Deletion   --  ik-ab∅kɨː
SR    [abakɨ]  [ik-abkɨː]

If UR=stem, the negative form can be derived via deletion

TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː

negative-base /rana/ rna ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː



Vowel-matching makes some paradigms predictable 
from both surface allomorphs

74

UR (=negative) /a1bkɨ/  /ik-abkɨ-V/ 
Vowel copying  a1ba1kɨ  --
SR     [abakɨ]  [ik-abkɨː]

If UR=negative, the stem form can be derived via copying

TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː

negative-base /rana/ rna ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː

paradigm is now predictable 
from both allomorphs



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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UR (=negative) /rana/  /ik-rana-V/ 
Deletion    r∅na   --
SR     [rna]  [ik-ranaː]

If UR=negative, the stem form can be derived via deletion

TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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UR (=stem)  /rna/  /ik-rna1-V/ 
Vow copying     --   ik-ra1na1ː
SR     [rna]  [ik-ranaː]

If UR=stem, the negative form can be derived via copying

TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː both allomorphs

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː

Once again, the paradigm is now 
predictable from both allomorphs



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː both allomorphs

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː

UR (=stem)  /ɖmarɨ/ /ik-ɖm1a2rɨ-V/ 
Metathesis     --   ik-ɖa2m1rɨː
SR     [ɖmarɨ] [ik-ɖamrɨː]

Both allomorphs can be derived from each other via 
metathesis



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː both allomorphs

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː

UR (=negative) /ɖa1m2rɨ/ /ik-ɖamrɨ-V/ 
Metathesis  ɖm2a1rɨ  --
SR     [ɖmarɨ] [ik-ɖamrɨː]

Both allomorphs can be derived from each other via 
metathesis



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː both allomorphs

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː both allomorphs

paradigm is now predictable 
from both allomorphs



Vowel-matching makes some paradigms predictable 
from both surface allomorphs
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TYPE UR STEM NEGATIVE
PREDICTABILITY IF 
VOWEL-MATCHING

non-alternating /ɨrɨ/ ɨrɨ i-ɨrɨː both allomorphs

stem-base /abakɨ/ abakɨ ik-abkɨː both allomorphs

negative-base /rana/ rnaː ik-ranaː both allomorphs

composite UR /ɖamarɨ/ ɖmarɨ ik-ɖamrɨː both allomorphs

If vowel-matching is predictable, stem and 
negative allomorphs are predictable from 
each other, making URs concrete


