
“Epenthetic” Vowels Are Not All Equal: Gradient
Representation in Yokuts Roots and Suffixes

Peter Guekguezian and Karen Jesney

1. Introduction
 

Yokuts languages are well known for their complex morphophonological patterns (e.g., Newman 
1944, Archangeli 1983, 1991, Guekguezian 2017, Golston, Guekguezian & Krämer 2019). This paper 
argues that vowels that alternate with ∅ in these languages are not homogeneous in terms of their 
underlying representation. Building on work by Zimmermann (2019) in the Gradient Symbolic 
Representations framework (GSR; Smolensky & Goldrick 2016, Rosen 2016), we show that a full GSR 
account of these languages’ patterns requires at least three degrees of underlying activation for 
alternating vowels. Crucially, intermediate degrees of activation are not limited to ghost vowels – i.e., 
vowels whose position and quality is lexically-idiosyncratic. A GSR account requires that even 
predictable “epenthetic” vowels within roots must have an intermediate degree of underlying activation.  

The rest of this paper is structured as follows. Section 2 presents the facts of Yokuts, focusing on 
ghost vowels and vowels that are typically argued to be the result of predictable epenthesis. Section 2 
also demonstrates that categorical accounts cannot capture the full range of data. Section 3 introduces 
the GSR framework and presents a GSR account of the Yokuts data, demonstrating the need for three 
distinct levels of underlying vowel activation. We conclude that adopting gradient activation has 
widespread consequences for the grammar, and that the learner must entertain the possibility that even 
predictable patterns involve partially-activated segments. 
 
2. Alternating vowels in Yokuts 
2.1. Distribution of alternating vowels 
 

Yokuts languages follow a strict CV(X) syllable canon, where the optional X is either a second 
vowel mora or a coda consonant (see Newman 1944, Collord 1967, Gamble 1978, and Guekguezian 
2011 for primary sources on Yokuts; see Kuroda 1967, Kisseberth 1970, and Archangeli 1991, i.a., for 
secondary accounts). The predominant repair for potential violations of this canon is addition of a vowel, 
which allows syllabification of consonants while avoiding tautosyllabic clusters. These vowels surface 
only when phonotactically required – i.e., they alternate with ∅. Accounts of alternating vowels in 
Yokuts typically distinguish between “epenthetic” vowels, which are consistently [i] or [u] and appear 
between consonants, and “ghost” vowels, which can differ in quality and can appear in other positions 
(Kuroda 1967, Archangeli 1988, Zoll 1993).  

Traditional root epenthetic vowels are illustrated in (1).1 The alternating high vowel in these cases 
appears just when the root is followed immediately by a consonant-initial suffix like the REMOTE PAST 
/-tʰaʔ/ (1a). When the root is followed by a vowel-initial suffix like the RECENT PAST /-itʰ/, the alternating 
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vowel is unnecessary for syllabification, and so it does not appear (1b). The epenthetic vowel is 
unrounded [i] except when preceded by a non-low rounded vowel, in which case it undergoes rounding 
harmony to [u] (Newman 1944, Kuroda 1967, i.a.). (See (6) below for high vowel-∅	alternations in the 
RECENT PAST suffix /-(i)tʰ/). 
 
(1)   a. Remote Past [-tʰaʔ] b.  Recent Past [-(i)tʰ] 
 /lih(i)m/  [li.him.tʰaʔ] ‘run-REM.PST’   [lih.mitʰ]  ‘run-RCT.PST’ 
 /ʔot(i)p/  [ʔo.tip.tʰaʔ] ‘open-REM.PST’   [ʔot.pitʰ] ‘open-RCT.PST’ 
 /jun(u)ʃ/  [ju.nuʃ.tʰaʔ] ‘shake-REM.PST’   [jun.ʃutʰ] ‘shake-RCT.PST’ 
 

Many other roots, like those in (2), do not have high vowel-∅	alternations. These roots end with 
either a single consonant or a vowel, and so full syllabification is possible whether they are followed by 
a consonant-initial suffix (2a) or a vowel-initial suffix (2b).  
 
(2)   a. Remote Past [-tʰaʔ] b. Recent Past [-(i)tʰ] 
 /t’ul/  [t’ul.tʰaʔ] ‘burn-REM.PST’  [t’u.lutʰ]  ‘burn-RCT.PST’ 
 /xatʰ/  [xatʰ.tʰaʔ] ‘eat-REM.PST’  [xa.tʰitʰ]  ‘eat-RCT.PST’ 
 /pʰa.naː/  [pʰa.naː.tʰaʔ] ‘arrive-REM.PST’  [pʰa.natʰ]  ‘arrive-RCT.PST’ 
 
 Some word-medial suffixes also display a high vowel-∅	 alternation. The NON-ACTIVE suffix               
/-(i)n-/ (also known as MEDIOPASSIVE in Newman 1944 and Collord 1968) surfaces with a high vowel 
when its absence would result in a string of three consonants.  
 
(3)   a. Remote Past [-tʰaʔ] b. Recent Past [-(i)tʰ] 
 /-(i)n-/   [t’u.lun.tʰaʔ] ‘burn-N.ACT-REM.PST’  [t’ul.nutʰ]  ‘burn- N.ACT-RCT.PST’ 
 
There are also several word-medial suffixes of the shape /-C(i)C-/ where the high vowel alternates with 
∅, including the REFLEXIVE /-w(i)ʃ-/, BENEFACTIVE /-ʃ(i)tʰ-/ and the COMITATIVE /-m(i)x-/. In all of these 
cases, the high vowel surfaces just when its absence would lead to an unsyllabifiable string of consonants 
(4a); when these suffixes appear between two vowels and so syllabification is not at play, the alternating 
vowel does not appear (4b).2 
 
(4)   a. Remote Past [-tʰaʔ] b. Recent Past [-(i)tʰ] 
 /-w(i)ʃ-/  [xa.jaː.wiʃ.tʰaʔ]    [xa.jaw.ʃith] 
     ‘put (down)-RFLX-REM.PST’   ‘put (down)-RFLX-RCT.PST’ 
    [paː.ne.wiʃ.tʰaʔ]    [paː.new.ʃith]  
     ‘race-RFLX.REM.PST’   ‘race-RFLX.RCT.PST’ 
 

Alternating vowels in word-final suffixes are more varied in both position and quality than those in 
roots and word-medial suffixes. Some word-final suffixes take the form /-C(V)/, with the alternating 
vowel appearing at the end of the word, after the suffix consonant. The quality these vowels is often 
[low] rather than [high], a fact that has led to their classification as “ghost” vowels. For example, the 
IMPERATIVE /-k(a)/ has an alternating [low] vowel that appears at the the end of the word when the suffix 
is preceded by a consonant; omitting the alternating vowel in these cases would lead to an unsyllabifiable 
consonant sequence, like *[xatʰk] with the root /xatʰ/ ‘eat’ in (5a). When the IMPERATIVE suffix /-k(a)/ 
is preceded by a vowel, the alternating vowel does not appear, since its absence does not result in a 
violation of the syllable canon (5b). Two additional word-final suffixes follow the same distribution: the 
HORTATIVE /-x(a)/ and the CONSEQUENT GERUNDIAL /-m(i)/. 

2  The data in (4) comes from Adisasmito-Smith (2016). Chukchansi and other Yokuts varieties, such as 
Yowlumne/Yawelmani (Newman 1944) and Wikchamni (Gamble 1978), also have an alternative /-iCCa-/ 
allomorph for these suffixes – e.g., REFLEXIVE /-iwʃa-/. What factors condition the appearance of the different 
allomorphs is unclear.  
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(5)   a. Following a consonant b.  Following a vowel3 
 /-k(a)/  [xatʰ.ka] ‘eat-IMP’   [pʰa.nak] ‘arrive-IMP’ 
 /-x(a)/  [xatʰ.xa] ‘eat-HORT’   [pʰa.nax] ‘arrive-HORT’ 
 /-m(i)/  [xatʰ.mi] ‘eat-CONS.GER’   [pʰa.nam] ‘arrive-CONS.GER’ 
 
 Some other word-final suffixes, like the RECENT PAST /-(i)tʰ/, take the form /-(V)C/, with the 
alternating vowel preceding the suffix consonant. The alternating vowel appears just when the suffix is 
added to a consonant-final stem (6a); when the suffix is added to a vowel-final stem the alternating 
vowel is not needed for syllabification and so it does not appear (6b). The POTENTIAL /-(a)l/, has the 
same distribution as the RECENT PAST although its alternating vowel is low [a]. 
 
(6)   a. Following a consonant b.  Following a vowel 
 /-(i)tʰ/  [xa.tʰitʰ] ‘eat-RCT.PST’   [pʰa.natʰ] ‘arrive-RCT.PST’ 
    [lih.mitʰ] ‘run-RCT.PST’   [kos.neː.notʰ] ‘cook-RCT.PST’ 
 /-(a)l/  [xa.tʰal] ‘eat-POT’   [pʰa.nal] ‘arrive-POT’ 
    [maː.xal] ‘gather-POT’   [kos.neː.nol] ‘cook-POT’ 
 
 While appearance of the alternating vowels in (5) and (6) is predictable based on phonotactic 
requirements, their position and quality must, in at least some cases, be lexically specified. As the table 
in (7) summarizes, these vowels can appear before or after the suffix consonant and be [high] or [low].  
 
(7)  Quality and position of alternating vowels in word-final suffixes 

 [high] vowel [low] vowel
Before the suffix consonant /-(i)tʰ/ /-(a)l/ 
After the suffix consonant /-m(i)/ /-k(a)/, /-x(a)/ 

 
This combination of lexical specificity and grammatical conditioning makes the set of Yokuts alternating 
vowels difficult to model as either pure epenthesis or pure deletion. 
 
2.2. Categorical epenthesis and deletion analyses 
 
 In most generative analyses, Yokuts high vowel-∅ alternations are modelled as epenthesis (Kuroda 
1967, Kisseberth 1970, Archangeli 1983, 1988, 1991, Noske 1985, Zoll 1993; cf. Kuroda 1967 for 
deletion in NON-ACTIVE /-in-/). The alternating vowel is absent from the morpheme’s underlying form, 
and it is inserted when grammatical conditions are met. Kenstowicz & Kisseberth (1977) formalize this 
grammatical conditioning with the rule in (8): a high vowel is epenthesized between the first and second 
consonants in a triconsonantal sequence. This effectively accounts for the quality and position of the 
alternating vowel in roots like those in (1), as well as many cases of alternation affecting word-medial 
suffixes like those in (3) and (4). 
 
(8) ∅ ⟶ V[+high] / C1__C2 C3 
 
 Within a constraint-based framework, the CV(X) syllable canon is enforced through basic syllable 
structure constraints (*COMPLEX and ONSET), and the preference for epenthesis over deletion is 
attributed to a ranking of MAX over DEP. The position of the epenthetic vowel between the second and 
third consonants requires an additional constraint, such as ALIGN-M (9) proposed by Zoll (1993). This 
constraint captures the intuition that the positioning of the epenthetic vowel between C1 and C2 typically 
ensures that the right edge of the root morpheme is aligned with the right edge of a syllable. 

 
3 When suffixes are added to roots like /phanaː/ ‘arrive’ that end in a long vowel, the long vowel is consistently 
shortened if this will allow the CV(X) syllable canon to be satisfied without realization of an alternating suffix 
vowel – e.g., /phanaː-(i)th/ ⟶ [pha.nath]. 
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(9) ALIGN-M(ORPHEME): Match the right edge of the morpheme with the end of a syllable. (Zoll 
1993:4, citing McCarthy & Prince 1993).  

 
 The basic interaction of the constraints is illustrated in (10) with input /ʔotp-tʰaʔ/. The faithful 
candidate (10c) is eliminated because it includes a complex coda, violating *COMPLEX, and the candidate 
that eliminates these violations through consonant deletion (10d) is ruled out by MAX (properly, MAX-
C). The choice between the two epenthesis candidates is then mediated by ALIGN-M. The winning 
candidate [ʔo.tip.tʰaʔ] (10a) satisfies ALIGN-M, because the right edge of the root [ʔo.tip.] coincides with 
a syllable boundary. The losing candidate [ʔot.pi.tʰaʔ] (10b) violates ALIGN-M [ʔot.p].  
 
(10)  Correct selection of the attested candidate in a categorical epenthesis analysis 

 /ʔotp-tʰaʔ/ MAX *COMPLEX DEP ALIGN-M 
a. ☞ ʔo.tip.tʰaʔ   –1  
b.  ʔot.pi.tʰaʔ   –1 –1 
c.  ʔotp.tʰaʔ  –1   
d.  ʔot.tʰaʔ –1    

 
This approach also works well in accounting for the minimization of epenthesis seen in certain forms 
like /t’ul-wʃ-tʰaʔ/ ⟶ [t’ul.wuʃ.tʰaʔ] ‘burn-REFL-REM.PST’ where only one alternating vowel appears in 
the string of four underlying consonants. 
 This analysis cannot provide a full account of the Yokuts data, however. The fact that some suffixes 
have non-high alternating vowels, for instance, does not directly follow from either this set of constraints 
or any other basic markedness principles. The quality of the vowel is truly morpheme specific. 
Furthermore, this set of constraints incorrectly predicts the position of the alternating vowel in a number 
of cases. For instance, when the NON-ACTIVE suffix /-(i)n/ follows a root like /ʔot(i)p/, both the rule in 
(8) and the constraint set in (10) predict that the epenthetic vowel should appear inside the root, contrary 
to fact (11). 
 
(11)  /ʔotp-n-tʰ/  ⟶ [ʔot.pi.nitʰ]   *[ʔo.tip.nitʰ] 
   open-N.ACT-RCT.PST 
 
The basic problem is illustrated in (12) (see also Guekguezian 2011). The attested form [ʔot.pi.nitʰ] (12a) 
violates ALIGN-M twice, once for the root and once for the NON-ACTIVE suffix. The unattested output 
candidate *[ʔo.tip.nitʰ] (12b) only violates ALIGN-M once. Since both candidates epenthesize two 
vowels, violating DEP twice, the unattested form (12b) always wins. This result obtains no matter what 
constraint is used to position the epenthetic vowel inside the root in forms like (10). 
 
(12)  ALIGN-M predicts the incorrect output in some cases 

 /ʔotp-n-tʰ/ MAX *COMPLEX DEP ALIGN-M 
a. L ʔot.pi.nitʰ   –2 –2 
b. M ʔo.tip.nitʰ   –2 –1 
c.  ʔotp.nitʰ  –1 –1 –1 
d.  ʔot.nitʰ –1  –1 –1 

 
Similar challenges arise with word-final suffixes. Given an input form like /xath-m/ or /xath-th/, the 
grammar is unable to determine whether a vowel should be epenthesized between the two consonants, 
misaligning the root, or after the final consonant, misaligning the suffix. In fact, the attested forms in 
these two cases suggest opposite choices – [xath.mi] and [xa.thith]  respectively (see (5) and (6)). 
 Factorial typology calculations conducted using OT-Help2 (Staubs et al. 2010) confirm that a 
categorical epenthesis analysis of the Yokuts alternating vowel facts is not possible with this set of basic 
constraints. This is true regardless of whether constraints are ranked as in Optimality Theory (Prince & 
Smolensky 1993/2004) or weighted as in Harmonic Grammar (Legendre, Miyata & Smolensky 1990, 
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Smolensky & Legendre 2006). The morpheme-specificity of the pattern – both in terms of vowel quality 
and vowel position – prevents a categorical epenthesis account of the data.  
 An account of Yokuts vowel alternations based exclusively on deletion also runs into trouble (see 
Newman 1944, Collord 1968, Gamble 1978, and McGrew 2015 for deletion accounts). Since alternating 
high vowels are present in underlying forms on this account, they must somehow be motivated to delete 
whenever their absence would not lead to a violation of the CV(X) syllable canon – i.e., when the 
alternating vowel has only a single consonant on either side. Kuroda (1967) uses precisely this “two-
sided open syllable” or VCVCV structure to trigger deletion of vowels. A constraint-based version of 
this analysis is illustrated in (13), where *COMPLEX and *VCVCV dominate MAX (properly, MAX-V), 
encouraging deletion of just enough vowels to leave *COMPLEX satisfied.4 
 
(13)  Correct selection of the attested candidate in a categorical deletion analysis 

  /ʔotip-itʰ/ *COMPLEX *VCVCV MAX 
 a. ☞ ʔot.pitʰ   –1 
 b.  ʔo.ti.pitʰ  –1  
 c.  ʔo.tiptʰ –1  –1 

 
As in the epenthesis account, forms of the type [ʔot.pi.nitʰ] present difficulties for this analysis (cf. 11). 
With these constraints the grammar cannot decide between the attested winner (14a) and the unattested 
output candidate *[ʔo.tip.nitʰ] (14b); both candidates satisfy *COMPLEX and *VCVCV and violate MAX 
only once. An additional constraint would be needed to favour (14a) over (14b), but it is unclear what 
typologically-motivated constraint could fulfill this role.  
 
(14)  *VCVCV cannot identify the winner in some cases 

  /ʔotip-in-itʰ/ *COMPLEX *VCVCV  MAX 
 a. ☞ ʔot.pi.nitʰ   –1 
 b. M ʔo.tip.nitʰ   –1 

 
 More acutely, the deletion account predicts that any vowel in Yokuts should delete when doing so 
would not violate CV(X) – i.e., whenever the vowel is in the environment VC_CV. This is false: many 
Yokuts words have vowels in this environment, as illustrated in (15). 
 
(15)  Chukchansi Yokuts words with undeleted VCVCV – data from Adisasmito-Smith (2016) 
 a. /putuʃ-a/ ‘black oak acorn-ACC’ ⟶ [pu.tu.ʃa] *[put.ʃa] 
 b. /ʔutʰu-ʔVn/ ‘tree-ACC’ ⟶ [ʔu.tʰu.ʔun] *[ʔutʰ.ʔun] 
 c. /talim-a/ ‘trout-ACC’ ⟶ [ta.li.ma] *[tal.ma] 
 
The highlighted vowels in (15) resist deletion in the same context where alternating vowels undergo 
deletion. These two groups of vowels must either be representationally distinct or subject to a distinct 
constraint ranking; either way, the deletion account is problematic. Factorial typology calculations 
conducted using OT-Help2 (Staubs et al. 2010) again confirm that a categorical deletion analysis of the 
Yokuts alternating vowel facts is not possible with this set of basic constraints.  
 
3. Yokuts alternating vowels in GSR 
3.1. Gradient Symbolic Representations and ghost vowels 
 
 Gradient Symbolic Computation (Smolensky & Goldrick 2016, Rosen 2016) is a model of grammar 
that allows underlying elements to be represented in a non-categorical fashion. Zimmermann (2019) 
demonstrates that this approach allows the semi-predictable behaviour of ghost segments to be 

4 Zoll (1993) instead uses *STRUC(σ) ranked above PARSE-GHOST to force deletion of ghost vowels that are not 
needed to satisfy the CV(X) syllable canon. Other alternating vowels are treated as epenthetic in her account.  
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effectively captured. On her account, ghost segments are represented as having partial underlying 
activation, and associated violations of MAX and DEP are scaled according to this activation value. 
Crucially, because these segments are partially activated in the input, their quality and position is 
determined on a morpheme-specific basis. As in Yokuts, [high] and [low] ghost vowels can co-exist in 
a language, and the position of the vowel can vary across forms. 
 The tables in (16) and (17) illustrate the basic pattern of constraint violation in this approach. In 
(16), segments are categorically represented in the input – they are either fully present or fully absent as 
in the epenthesis and deletion analyses presented in section 2.2. When a segment with full underlying 
activation is deleted, a full violation of MAX is incurred (16b). Likewise, when a segment with no 
underlying activation is epenthesized, a full violation of DEP is incurred (16c).  
 
(16)  Faithfulness violations with categorically-activated underlying segments 

  UR Output Faithfulness violation 
a. Faithful realization /xath-ka/ [xath.ka] -- 
b. Deletion /phanaː-ka/ [pha.nak] MAX 
c. Epenthesis /xath-k/ [xath.ka] DEP 

 
In (17), partially-activated segments are included in the input forms. Activation values – here, 0.3 – are 
represented with subscripts immediately following the segment in question. When one of these segments 
is deleted in the output, as in (17a), the MAX violation is multiplied by the segment’s activation value. 
The result is a “reduced” MAX violation; only a partial segment is deleted in these cases and therefore 
the violation of MAX is less severe than in (16). When, instead, a partially-activated segment is realized 
in the output, as in (17b), the DEP violation of is multiplied by [1 – the segment’s activation value]. The 
result is a “reduced” DEP violation; a segment that is already partially activated in the input requires only 
enough additional activation to reach 1.0 for a full segment to appear in the output form. 
 
(17)  Faithfulness violations with partially-activated underlying segments 

  UR Output Faithfulness violation 
a. Non-realization of ghost /phanaː-ka0.3/ [pha.nak] MAX × 0.3 
b. Realization of ghost /xath-ka0.3/ [xath.ka] DEP × 0.7 

 
As Zimmermann (2019) shows, scaling of Faithfulness violations as in (17) allows ghost segments to 
appear and disappear in response to markedness pressures, even as categorically-activated segments 
show different phonological patterning.  
 
3.2. Three degrees of underlying vowel activation 
 
 Zimmermann’s (2019) focus is on the behaviour of ghost vowels, like those in (5), whose position 
and quality is inconsistent with other alternating vowels in the language. As the following sections 
demonstrate, however, adopting this approach has broad consequences for other Yokuts alternating 
vowels – including those that are traditionally considered to be fully predictable.  
 When the GSR approach is extended to the full language it becomes clear that alternating vowels in 
Yokuts fall into three groups. Some vowels are partially activated in the input, yielding partial violations 
of MAX when the are deleted and partial violations of DEP when they are realized (18a). These vowels 
include traditional ghost vowels, and also the alternating vowels of roots. There are also alternating 
vowels in Yokuts that are fully present in the input with an activation value of 1.0 (18b). These fully-
activated vowels are found in word-medial and word-final suffixes of the form /-(V)C/. Finally, there 
are vowels that are absent from the input with an activation value of 0.0 (18c). These vowels are found 
in word-medial suffixes of the form /-C(V)C-/.5 

5 As noted in §2.1, the BENEFACTIVE /-ʃ(i)tʰ-/ and the COMITATIVE /-m(i)x-/ have the same pattern of high vowel-∅ 
alternation as the REFLEXIVE /-w(i)ʃ-/ in (4). 
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(18)  Underlying activation values of Yokuts alternating vowels 
 Morpheme  Activation 
a. Imperative (5) /-k(a)/  
 Hortative (5) /-x(a)/ 0.3 
 Consequent gerundial (5) /-m(i)/ 
 Root alternating vowels (1) /lih(i)m/, /ʔot(i)p/, etc.  
b. Recent past (6) /-(i)th/ 

1.0  Potential (6) /-(a)l/ 
 Non-active (3) /-(i)n-/ 
c. Reflexive (4) /-w(i)ʃ-/ 0.0 

 
 With this three-way distinction in activation values, the behaviour of Yokuts alternating vowels can 
be effectively captured using only a basic set of constraints – MAX, DEP, ALIGN-M, ONSET, and 
*COMPLEX. Consistent weights for these constraints are summarized in (19). 
 
(19) Constraint: ONSET *COMPLEX DEP ALIGN-M MAX 
 Weight: 8.0 6.0 5.0 3.0 1.0 
 
3.3. Partially-activated vowels 
 
 The tableaux in (20) and (21) illustrate the basic behaviour of ghost vowels on this account. In (20) 
the imperative suffix /-ka0.3/ is attached to the vowel-final root /phanaː/. *COMPLEX is not violated in this 
form, and so it is left to the faithfulness constraints to determine whether the partially-activated vowel 
will surface. With DEP weighted above MAX, the attested candidate [pha.nak], which does not realize 
the ghost vowel, wins.  
 
(20)  Non-realization of a partially-activated ghost vowel 

  /phanaː-ka0.3/ *COMPLEX 
w = 6 

DEP 
w = 5 

MAX 
w =1 H 

 a.  pha.naː.ka  –0.7  –3.5 
 b. ☞ pha.nak   –0.3 –0.3 

 
When the suffix is attached to consonant-final /xath/ in (21), on the other hand, *COMPLEX becomes 
relevant. The attested form [xath.ka], which realizes the partially-activated vowel, is preferred over 
unattested forms that delete the ghost vowel and violate *COMPLEX (21b) or delete the ghost vowel and 
epenthesize a high vowel instead (21c). Incurring a partial violation of DEP is preferable to the 
alternatives. 
 
(21)  Realization of a partially-activated ghost vowel 

  /xath-ka0.3/ *COMPLEX 
w = 6 

DEP 
w = 5 

MAX 
w =1 H 

 a. ☞ xath.ka  –0.7  –3.5 
 b.  xathk –1  –0.3 –6.3 
 c.  xathki  –1 –0.3 –5.3 

 
 This GSR analysis of ghost vowels in suffixes like /-ka0.3/ requires that alternating root vowels – 
which are classically analyzed as purely epenthetic – also be analyzed as having partial underlying 
activation. The necessity of this partial activation is illustrated by forms like the one in (22), where the 
imperative suffix is attached to a root of the form /CVC(V)C/. Here, the attested winning candidate (22a) 
incurs two partial violations of DEP by spelling out both alternating vowels. The form in (22b) realizes 
the suffix ghost vowel but deletes the partially-activated root vowel in favour of a new epenthetic vowel. 
This increases the violation of DEP and adds violations of ALIGN-M and MAX. The form in (22c) realizes 
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neither of the partially-activated vowels and instead epenthesizes a single new vowel. This yields fewer 
violations of DEP but adds violations of ALIGN-M and MAX that decrease its relative Harmony. 
 
(22)  Partial activation of alternating root vowels is required 

  /lihi0.3m-ka0.3/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. ☞ li.him.ka –1.4   –7.0 
 b.  lih.mi.ka –1.7 –1 –0.3 –11.8 
 c.  lih.mik –1 –1 –0.6 –8.6 

 
 The importance of the alternating root vowel having partial underlying activation becomes evident 
when (22) is compared to (23) where the alternating root vowel is absent from the input – i.e., it has 0.0 
activation. Here, the attested form [li.him.ka] (23a) receives 1.7 violations of DEP for fully epenthesizing 
the alternating root vowel and realizing the partially-activated vowel of the suffix. This increased 
violation of DEP for candidate (23a), plus the decreased violation of MAX for candidate (23c), means 
that the unattested form *[lih.mik] is wrongly selected as optimal.  
 
(23)  Non-activation of alternating root vowels yields incorrect results 

  /lihm-ka0.3/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. L li.him.ka –1.7   –8.5 
 b.  lih.mi.ka –1.7 –1  –11.5 
 c. M lih.mik –1 –1 –0.3 –8.3 

 
Despite their predictable quality and position, alternating root vowels must have partial underlying 
activation, as in (22), if a GSR account of Yokuts ghost vowels is adopted. Altering the weights of the 
constraints or the precise values of the partially-activated vowels does not affect this basic result.  
 
3.4. Fully-activated vowels 
 
 Other alternating vowels – specifically those in suffixes of the form /-(V)C/ – require full underlying 
activation. The necessity of this is illustrated by forms like [ʔot.pi.nitʰ], which presented significant 
challenges for the categorical epenthesis (12) and deletion (14) analyses in section 2.2. In the GSR 
analysis in (24), the attested form (24a) is readily selected as optimal, despite violating ALIGN-M and 
deleting the partially-activated root vowel. The alternative form in (24b) better satisfies ALIGN-M, but 
this is insufficient to overcome the cost of deleting the fully-activated suffix vowel and the additional 
violation of DEP incurred by realizing the partially-activated root element. 
 
(24)  Full activation of alternating /-(V)C/ suffix vowels is required 

  /ʔoti0.3p-i1.0n-i1.0th/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. ☞ ʔot.pi.nith  –2 –0.3 –6.3 
 b.  ʔo.tip.nith –0.7 –1 –1 –7.5 

 
An alternative analysis that treats the alternating vowel of the non-active suffix as having no underlying 
activation yields the incorrect result (25). Assigning partial activation to this vowel is also unsuccessful. 
 
(25)  Non-activation of /-(V)C/ suffix vowels yields incorrect results 

  /ʔoti0.3p-n-i1.0th/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. L ʔot.pi.nith –1 –2 –0.3 –11.3 
 b. M ʔo.tip.nith –0.7 –1  –6.5 
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 Despite the fact that the vowels in /-(V)C/ suffixes are realized at the expense of alternating root 
vowels in forms like [ʔot.pi.nitʰ], there are cases where these vowels are deleted. This occurs most 
prominently when they are attached to a vowel-final root, as in (26) from (6b) above. The cost of 
violating ONSET in (26b) outweighs the cost of misaligning the root in (26a), and the suffix vowel is 
deleted. 
 
(26)  Fully-activated vowels in /-(V)C/ suffixes are deleted to avoid hiatus 

  /kosneːno-i1.0tʰ/ ONSET 
w = 8 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. ☞ kos.neː.notʰ  –1 –1 –4.0 
 b.  kos.neː.no.itʰ –1   –8.0 

 
In other cases, illustrated by (27) from (3b) above, the fully activated vowel of a /-(V)C/ suffix like          
/-i1.0n-/ deletes to allow better root alignment. In these cases, there is no partially-activated vowel in the 
input that could be deleted instead, and the cost of root misalignment in (27b) outweighs the cost of 
deleting the fully-activated vowel in (27a); compare with (24). 
 
(27)  Fully-activated vowels in /-(V)C/ suffixes are deleted to avoid misalignment 

  /t’ul-i1.0n-i1.0th/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. ☞ t’ul.nuth  –1 –1 –4.0 
 b.  t’u.lu.nuth  –2  –6.0 

 
3.5. Fully-epenthetic vowels 
 
 The final set of alternating vowels – found in suffixes of the form /-C(V)C-/ have no underlying 
activation on this account. They are truly epenthetic. These vowels do not appear when the realization 
of other alternating vowels – like the fully-activated low vowel of the POTENTIAL suffix /-(a)l/ – is 
sufficient to satisfy the CV(X) syllable canon. 
 
(28)  Vowels with underlying activation are preferred to vowels with no underlying activation 

  /kosneːno-wʃ-a1.0l/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a.  kos.neː.no.wi.ʃal –1 –1  –8.0 
 b. ☞ kos.neː.now.ʃal  –2  –6.0 

 
More generally, the vowels in these suffixes appear just when alternative parsings require either more 
epenthetic vowels or result in worse alignment, as illustrated in (29). 
 
(29)  Alignment of morphemes can trigger true epenthesis 

  /xajaː-wʃ-tʰaʔ/ DEP 
w = 5 

ALIGN-M 
w = 3 

MAX 
w =1 H 

 a. ☞ xa.jaː.wiʃ.tʰaʔ –1   –5.0 
 b.  xa.jaw.ʃi.tʰaʔ –1 –2  –11.0 

 
4. Summary 
 
 Yokuts alternating vowels have been the subject of much discussion in the phonological literature, 
in large part because both general grammatical principles and morpheme-specific factors interact to 
determine their realization. GSR offers a promising new approach for analyzing these data. As this paper 
has shown, when partially-activated underlying vowels are incorporated into the analysis, only a simple 
set of basic, well-motivated constraints is needed.  
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The GSR approach also sheds light on hidden differences between superficially similar 
phonological elements. As the Yokuts case demonstrates, distinct degrees of underlying activation are 
needed for different alternating vowels. This paper has represented these vowels as having either full 
(1.0), partial (0.3) or no (0.0) underlying activation, but more generally we expect that the precise 
activation values associated with individual morphemes might vary to some degree. What is crucial here 
is that there are three general activation patterns, and even some “predictable” vowels – like the 
alternating vowels of roots – have partial underlying activation. Partial activation is not just for ghost 
segments. 
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