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Abstract: This article traces the development of voiced prepalatal obstruents /d3/ and /3/ in Judeo-
Spanish, the language spoken by the Sephardic Jews since before their expulsion from late-15th
century Spain. Using Medieval Spanish as a comparative starting point, we examine diachronic
innovations in the phonological status and distribution of affricate /d3/ and fricative /3/ in Judeo-
Spanish during the diaspora, focusing in particular on the effects of lexical borrowing from Turk-
ish and French in territories of the former Ottoman Empire. In contemporary Sephardic commu-
nities that are in contact with non-Sephardic varieties of Mainstream Spanish, some speakers occa-
sionally replace syllable-initial /{/, /d3/, and /3/ in certain Judeo-Spanish words by a voiceless velar
/x/ in efforts to accommodate the pronunciation of the corresponding Mainstream Spanish cognate
form. We provide a novel analysis of Judeo-Spanish voiced prepalatal obstruents, including their
diachronic and synchronic variation under language contact. The analysis combines a constraint-
based approach to phonological alternations, as formalized in Optimality Theory, with a usage-based
representation of the mental lexicon, as proposed in Exemplar Theory, to account for speaker- and

word-specific variability. A hybrid theoretical model provides a more nuanced understanding of the
check for

updates relationship between lexicon and grammar in Judeo-Spanish phonology than is available in previous
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Academic Editor: lan MacKenzie 1. Introduction

Judeo-Spanish (henceforth, JS) refers to those varieties of Spanish spoken by the Sepha-
rdic Jews who were expelled from Spain beginning in 1492 and resettled around the Mediter-
ranean. In this paper, we examine and analyze the phonological patterning of voiced
prepalatal obstruents, including their diachronic evolution from Medieval Spanish into
Publisher’s Note: MDPIstaysneutral  Istanbul JS, as well as their synchronic variation in contemporary Sephardic communities
with regard to jurisdictional claims in  that are in contact with non-Sephardic Spanish. Medieval Spanish possessed two voiceless
published maps and institutional affil-  prepalatal obstruents, affricate /tf/ and fricative /f/, but only a single voiced prepalatal ob-
iations. struent, most likely pronounced as an affricate [d3] after a pause and certain consonants

but as a fricative [3] after a vowel. In the northern peninsula, /f/ and /d3~3/ neutralized to

/x/ by the end of the 17th century. In contemporary Spanish, /x/ is pronounced as a strident

= postvelar [x] in central and northern Spain, while a glottal /h/ is used in southern Spain.

In Latin American Spanish, the corresponding phoneme is either a velar /x/ or a glottal

/h/, depending on the geographic location or dialectal zone. For simplicity, we abstract

away from this variation in non-Sephardic Spanish varieties and refer simply to the /x/ of
Mainstream Spanish (henceforth, MS).

The sound changes that produced MS /x/ occurred too late to affect JS in the Sephardic
diaspora. Although JS maintained voiceless /tf/ and /f/, language contact with Turkish and
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French altered the phonological status and distribution of the voiced prepalatals, which un-
derwent a phonemic split to /d3/ and /3/ in territories of the former Ottoman Empire (Penny
2000; Quintana Rodriguez 2006; Bunis 2008, 2012; Hualde and Saul 2011; Hualde 2013).
Researchers of late-20th and early-21st century JS varieties in contact with MS have docu-
mented the occasional replacement of syllable-initial /f/, /ch,/, and /3/ by /x/ (Nemer 1981;
Gilmer 1986; Harris 1994; Donath 1999; Romero 2012, 2013, 2016; Kirschen 2019; Spiegel
2020). According to sociolinguistic studies of the language used by Sephardic communi-
ties in Turkey, Mexico, and the United States, accommodation to MS /x/ is variable across
individual speakers and lexical items. Although the process appears to involve the substi-
tution of individual phonemes, a more likely scenario is that some speakers borrow entire
MS words, some of which happen to have /x/ where the ]S cognate word has syllable-initial
/§/, d3/, or /3/.

This paper shows how the behavior of voiced prepalatal obstruents under language
contact provides crucial insights into the relationship between the grammar and the lexi-
con in JS phonology. We first review comparative data from Medieval Spanish, Istanbul
JS, and MS to establish the diachronic evolution of prepalatal obstruents (Section 2.1). We
then examine quantitative data from recent sociolinguistic research on JS in Turkey and the
United States to show that accommodation to MS /x/ is both variable and lexical in nature
(Section 2.2). In Optimality Theory, phonological surface patterns emerge from the inter-
action of universal but violable constraints. Adopting Katz’s (2016) approach to fortition
and continuity lenition, we motivate a constraint-based analysis of the voiced prepalatal
alternation in Medieval Spanish (Section 3). To model the effects of lexical borrowing from
Turkish and French, we embed the analysis within a core-periphery model of the JS lexi-
con (Section 4). Loanwords are lexically indexed to a general faithfulness constraint that
is separate from faithfulness constraints on words of the native core (Ito and Mester 1999,
2009b; Coetzee 2009; Pater 2007, 2010). A ranking of markedness constraints in between
the two types of faithfulness predicts that loanwords will pattern differently from native
lexical items. In addition, a usage-based representation of the mental lexicon (Bybee 2001,
2002, 2006; Docherty and Foulkes 2014; Hinskens et al. 2014) is necessary to capture the
quantitative variation observed in present-day accommodation to MS /x/. Exemplar The-
ory (Johnson 1997; Pierrehumbert 2002, 2016; Wedel 2006, 2012; Frisch 2018) allows for
individual word tokens to be categorized during language use and for their traces to be
stored within continuously updated exemplar clouds that include gradient phonetic detail,
abstract phonological information, and social-indexical information. Because they decay
over time, traces are stronger for exemplars whose words are categorized by language
users more frequently and more recently in previous experience. Stronger traces in turn
increase the probability that a given exemplar will be randomly selected as input to the
phonological grammar in subsequent speech production. We argue that a hybrid theoreti-
cal framework combining exemplars and constraints (van de Weijer 2012, 2014, 2019; Sloos
2013) can model the speaker- and word-specific aspects of variable lexical accommodation
in contemporary Sephardic communities (Section 5). Section 6 concludes.

2. Background and Data

JS is known for its retention of linguistic features from Medieval Spanish and other
Ibero-Romance languages spoken by the Sephardic Jews in the Iberian Peninsula up throu-
gh the late-15th century. ]S also shows innovative features as a consequence of internal
change, koineization processes that operated early in the Sephardic diaspora, and language
contact throughout the diaspora. JS varieties were shaped by extensive lexical borrowing,
initially from Hebrew and Aramaic and later from Arabic, Turkish, French, and other local
languages in the areas of Sephardic resettlement. Despite the current endangered status
of JS, there has been a renewed interest in the language over the past fifteen years or so,
as well as a growing analytical focus by language researchers. Quintana Rodriguez (2006)
documents geographical variation in ]S, focusing primarily on the eastern dialects that
developed in the Ottoman Empire and its successor states but also including data from
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Sephardic communities in Israel, as well as from the western dialects that developed in
North Africa. Bunis (2008, 2012) compares the linguistic features of Ottoman JS (commonly
referred to as judezmo among other names) with the features of Moroccan ]S (historically
known as haketia) and describes the differential effects of language contact with Turkish
and Moroccan Arabic, respectively. Kirschen (2015, 2018) and Schwarzwald (2018) pro-
vide comprehensive overviews of the historical and linguistic roots of spoken JS, includ-
ing its relation to the calque language known as ladino, which served to provide word-for-
word translations of Hebrew liturgical texts. Bunis (2013, 2018) traces the development
of Ottoman judezmo, including historical contact with Turkish, and gives an overview of
structural features, written and oral traditions, and the state of current research on the lan-
guage. Drawing from both empirical and theoretical studies, Bradley (2022) describes the
phonetics and phonology of spoken JS, comparing Ottoman and Moroccan JS varieties.

2.1. Evolution of the Medieval Spanish Voiced Prepalatal Obstruents

Prepalatal obstruents were absent from Latin and came into existence in Medieval
Spanish as part of a series of sound changes that created new palatal segments in the Ro-
mance languages. Zampaulo (2019) provides a thorough discussion of the chronology of
these changes (for Medieval Spanish prepalatal obstruents in particular, see Boyd-Bowman
1980, pp. 10-11, 71-72; Penny 2014, pp. 84-93). In (1) we compare the prepalatal obstruents
of Medieval Spanish with their present-day correspondents in the JS of Istanbul, Turkey
and in MS, drawing upon data and descriptions from Perahya and Perahya (1998), Penny
(2000, p. 180), Hualde and Saul (2011, p. 99), and Hualde (2013, pp. 250-52). Both Istan-
bul JS and MS retain Medieval Spanish /tf/ (1a), while only Istanbul JS retains /f/ (1b). In
Medieval Spanish, there was most likely a complementary distribution between affricate
[d3], which appeared after a pause (1c) or nasal consonant (1d), and fricative [3], which
appeared between vowels, both word-initially (1e) and word-medially (1f). In principle,
the Medieval Spanish distribution can be analyzed as either fortition of /3/ — [d3] (1c,d)
or lenition of /d3/ — [3] (1e,f), depending on which alternant is taken to be the underlying
phoneme. A key difference about Istanbul JS, to be explained in greater detail below, is
that [d3] appears in all word-initial contexts—even after a vowel (1e), unlike in Medieval
Spanish—while [3] appears in word-medial intervocalic position (1f) in both Medieval
Spanish and Istanbul JS.

1) Medieval Spanish Istanbul JS MS

a. [tfiko] [tfiko] [tfiko] ‘small’
[nétfe] [nétfe] [nétfe] ‘night’

b.  [fabén] [favén] [xafon] ‘soap’
[bafo] [bafo] [béaxo] ‘low’

c.  [dzénte] [dzénte] [xénte] ‘people’

d.  [kon dzénte] [kon dzénte] [kon xénte] ‘with people’

e. [la3zénte] [la dzénte] [la xénte] ‘the people’

f. [630] [630] [6x0] ‘eye’

Besides /f/ and /d3~3/, Medieval Spanish had two other pairs of sibilant phonemes that
were distinguished by voicing: the dentoalveolar affricates /ts/ and /dz/ and the apicoalve-
olar fricatives /s/ and /z/. In the northern peninsula, this sibilant subsystem underwent a
phonological reorganization, which was completed by the 17th century (Hualde 2014, pp.
150-54; Penny 2014, pp. 120-23; Baker and Holt 2020, pp. 490-91; Nunez-Méndez 2021,
pp- 29-31, 35-36, 49). Traditionally, the reorganization is described in terms of three main
changes that took place in the following order:

1. Deaffrication of the dentoalveolar affricates to dentoalveolar fricatives /s/ and /z/;

2. Devoicing of the voiced obstruents /z/, /z/, and /61?7,~3/ and subsequent merger with
their voiceless counterparts /s/, /s/, and /{/;

3. Dissimilation in place of articulation, whereby dentoalveolar /s/ shifted forward to

interdental /6/ and prepalatal /{/ shifted backward to velar /x/.
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After these changes, apicoalveolar /s/ remained as the only coronal sibilant in the
northern peninsula. Based on an acoustic and a perceptual study of the sibilants of con-
temporary Eastern Catalan, which resembles that of Medieval Spanish before the above
reorganization took place, Rost Bagudanch (2022) finds strong experimental support for
the internal phonetic basis of sibilant devoicing in Early Modern Spanish, which “may be
accounted for in terms of acoustic and aerodynamic factors, as well as in terms of misper-
ception, like most regular sound changes” (p. 23).! Furthermore, MacKenzie (2022) ques-
tions the traditional assumption that sibilant devoicing occurred before the emergence of
interdental /8/. Based on a quantitative analysis of corpus data tracking the change from
orthographic <d> to <z> in word-medial preconsonantal contexts, e.g., juzgar for iudgar ‘to
judge’ (< Latin rubpicarE), he proposes that dentoalveolar /z/ and /s/ underwent dissibilation
to non-sibilant /8/ and /8/, respectively, by the 16th century —before the devoicing process
was completed (see also Menéndez Pidal 1987, p. 13). Though MacKenzie’s revised model
of the genesis of /6/ does not explicitly address the emergence of /x/, Nufiez-Méndez’s (2021,
pp. 31, 35-36, 49) meticulous overview of research on Spanish sibilant evolution makes
clear that, around the end of the 16th century, /f/ and /d3~3/ were in fluctuation with voice-
less velar /x/, which later became general by the middle of the 17th century. This is the
historical source of /x/ in present-day MS (1b-f).

Although /ts/ and /dz/ had already deaffricated to /s/ and /z/ by the time of the late-
15th century expulsion, JS sibilants in the Sephardic diaspora were unaffected by the dissi-
bilation, devoicing, and velarization changes that would occur over the following two cen-
turies, giving rise to the fricatives of contemporary MS. In addition to the syllable-initial
contexts in (1b), two syllable-final contexts supported the emergence of /f/ (Penny 2000, p.
180; Bunis 2012, pp. 680, 687-88). Some Medieval Spanish words had /f/ before voiceless
velar /k/, e.g., mo[flka ‘fly’ (cf. MS mosca), an archaic feature retained in Ottoman JS and,
to a lesser extent, Moroccan JS. Word-final /{/ also developed as an innovation in Ottoman
JS from the coalescence of /js/, in the numeral se[f] ‘six’ and in second person plural verb
forms, e.g., entende[f] ‘you (plural) understand’ (cf. MS seis, entendéis).

In Ottoman varieties of JS, the voiced prepalatal obstruent allophones of Medieval
Spanish split into separate phonemes /d3/ and /3/ as a consequence of extensive lexical
borrowing from Turkish and French. While /CE/ exists as a phoneme in Turkish, /3/ is ab-
sent from the native Turkish lexicon and appears only in loanwords from French (Comrie
1997, p. 885). French has phonemic /3/ but lacks /El'?,/, except for Germanisms in some
Swiss varieties (Coté 2022, pp. 678-79). Varol Bornes (2008, pp. 340-76) provides the most
extensive documentation of lexical borrowing from Turkish and French in the JS of Istan-
bul. We adapt her orthographic examples to modern IPA transcription below. In Turkish
loanwords, /d3/ can appear word-initially after a pause (2a) and word-medially, after a
nasal (2b) or rhotic (2c) consonant—segmental contexts that would have favored [d3] also
in Medieval Spanish (1c,d). Between vowels, [d3] appears in Turkish loanwords (2d), but
only fricative [3] appears in Medieval Spanish (1f).

2) a. [dzade] ‘avenue’ < cadde
[(Eém] ‘glass’ <cam
[d3ami] ‘mosque’ <cami
[dﬁgémlmk] ‘glass cabinet’ < camlik
[d3dnwm] ‘darling’ < canim
[d3ezal ‘penalty’ <ceza
[&T;}'fb:e] ‘cassock’ < ciibbe
[d3umxurijét] “the Republic’ < cumhuriyet

b. [enagidér] ‘to cause pain’ < acitmak
[dzamdzui] ‘glassmaker’ < camci
[find34n] ‘teacup’ < fincan
[ifkéndze] ‘torture’ < iskence
[kanunch’l] ‘zither player’ < kanunci

[kujum&?;f] ‘jeweler’ < kuyumcu
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[jiland3ik] ‘erysipelas’ <yilancik
[buldurdzumikos] ‘quail’ < bildircin
[gyrdzy] ‘Georgian’ < Giircti
[adzém] ‘Persian’ < Acem
[adzwdedrse] ‘to pity’ < acimak
[xod34] ‘Muslim priest’ <hoca
[idzabund4] ‘if necessary’ <icabinda
[ifkembedsi] ‘tripe vender’ < iskembeci
[kavedsi] ‘coffee shop owner’ < kahveci
[kapma?,til] ‘concierge’ < kapic
[karadz4 ax-mét] (Turkish cemetery) < Karaca Ahmet
[kodza] ‘huge’ < koca
[koskodzaman] ‘giant’ < koskocaman
[kyfed3i] ‘bellhop’ < kiifeci
[kundurja(’fl?,tﬁ] ‘shoemaker’ < kunduraci
[mejxanedsi] ‘barkeeper’ < meyhaneci
[tajared3i] ‘aviator’ < tayareci
[tulumbad3i] ‘firefighter’ < tulumbact
[jumurtad3ui] ‘egg vender’ < yumurtact

In French loanwords, /3/ can appear in word-initial contexts after a pause (3a) and in
word-medial intervocalic contexts, after an oral or nasal vowel (3b) or rhotic consonant (3c),
as well as in word-final position (3d). The fricative [3] in (3a) diverges from the expected
allophonic realization of postpausal /3/ as [d3] in Medieval Spanish (1c).

[3eneral] ‘general’ < général
[3imnastik] ‘exercise’ < gymnastique
[zanvijé], [3avjé] ‘January’ < janvier
[3cen] ‘young’ < jeune
[30enés] ‘youth’ < jeunesse
[30E] ‘day’ < jour
[3uenalisto], [3usnaléro] ‘journalist’ < journaliste
[3uenéal, [3uBné] ‘day’ < journée
[3y€] ‘June’ <juin
[bizutexi], [bizuterija] ‘jewelry shop’ < bijouterie
[b331x] “hello’ < bonjour
[de3cené] ‘lunch’ < déjeuner
[demdzez5] ‘itching’ < démangeaison
[dexdzé] “to cause trouble’ < déranger
[dixizaval ‘s/he directed’ <diriger
[evaszil] ‘Gospel’ < Evangile
[egzized] ‘s/he demanded’ < exiger
[frizidéx] ‘refrigerator’ < frigidaire
[ma3zi] ‘magic’ < magie
[protesar] ‘to protect, adopt’ <protéger
[pizama] ‘pajamas’ < pyjama
[¥alizjéz], [welizjozo] ‘religious’ < religieuse, religieux
[sy3é] ‘subject’ <sujet
[tuzix] ‘always’ < toujours

c.  [egorzear] “to cut the throat’ < égorger
[foféaz] ‘heating’ < chauffage
[etaz] “floor’ < étage
[ga3] ‘pledge, deposit’ < gage
[exitaz] ‘heritage’ < héritage
[prestiz] ‘prestige’ < prestige
[¥avaz] ‘ravage’ < ravage
[rivéaz] ‘shore, coastline’ < rivage
[vjér3z] ‘virgin’ < vierge
[vilaz] ‘village’ <village
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Loanwords in both data sets commonly maintain segments from each donor language
which are not part of the phonemic inventory that Istanbul JS inherited from Medieval
Spanish. Most of these are vocalic segments, i.e., the closed back unrounded /w/ from
Turkish, the closed front rounded /y/ from Turkish and French, and the following from
French: the voiced labial-palatal approximant /t/, nasal open back unrounded /d/, nasal
open-mid front unrounded /€/, open-mid front unrounded /e/, open-mid front rounded
/ce/, mid central /o/, close-mid front unrounded /o/, and open-mid back unrounded /o] .2
As for novel consonants, some of the loanwords in (2) contain the voiceless velar fricative
/x/ as an adaptation of Turkish glottal /h/, e.g., [d3umxurijét] (2a), [xod34], [karad34 axmét],
and [mejxaneds(] (2d). Turkish /h/ may also be deleted, especially in word-medial position,
e.g., [kavedsi] (2d). Hualde and Saul (2011) note that “[t]raditionally, a feature of a ‘Jew-
ish accent’ in Turkish was a strong, velar pronunciation of the aspirated /h/ of the Turkish
language” (p. 100). An acoustic analysis of recordings of a male native JS speaker from Is-
tanbul leads Hualde and Saul to report variability in the amount of frication and the place
of articulation of /x/, “although a velar articulation seems to be most common” (p. 100).
Turkish loanwords may also include JS suffixes and clitic pronouns, e.g., [endzidar] (2b),
[buldurdzumikos] (2c), and [ad3wdedrse] (2d). For a detailed corpus investigation of the in-
tegration of Turkish and French loanwords into the morphosyntactic system of Istanbul JS,
see Peck (2019). While absent from the JS phonemic inventory, the voiced uvular fricative
/8/ is maintained as a rhotic consonant in many of the French loanwords in (3). Some ex-
amples have both //, contained within the French nominal or verbal form, and the native
apicoalveolar tap /r/, contained within a JS agentive or infinitival suffix, e.g., [3urnaléro]
(3a), [pBotezar] (3b), and [egorzear] (3¢).

In a small handful of words such as (4), ]S speakers of Catalan and Aragonese origin
living in Thessaloniki, Greece maintained the intervocalic voiced dentoalveolar affricate
/dz/, which was deaffricated in other Sephardic Spanish varieties, including Istanbul JS.
Quintana Rodriguez (2006, pp. 73-74) argues that this archaic /dz/ co-existed with innova-
tive prepalatal variants in such words until /d3/ ultimately won out by the 17th century,
later spreading to Istanbul JS in the 20th century:

4) [dédze] > [dédze] ‘twelve’ [pédzo] > [p6dzo] ‘water well’
[trédze] > [tréd3zel] ‘thirteen’ [tédzo] > [téd30] ‘firm, rigid’

Hualde and Saul (2011, p. 99) refer to examples like these as native words. We ar-
gue that such forms most likely have a special status in Istanbul JS, either as loanwords
borrowed from Catalan and Aragonese, or by virtue of belonging to the class of numerals,
which are known to show exceptional behavior in contemporary Catalan and some vari-
eties of MS (for further details, see Quintana Rodriguez 2006, p. 74). Ariza (1994, p. 214)
considers [p6dzo] and [tédzo] to be Italianisms.

Once loanwords are taken into account, it becomes impossible to predict the surface
distribution of voiced prepalatal obstruents by phonological context alone, as [d3] and [3]
now appear in both word-initial postpausal and word-medial intervocalic contexts within
a considerable number of lexical items. A natural conclusion is that two allophones of a sin-
gle voiced prepalatal phoneme in the Medieval language became phonologized in Istanbul
JS (Penny 2000, p. 180; Bunis 2008, p. 192, 2012, pp. 680-81; Hualde and Saul 2011, p. 99;
Romero 2012, p. 143, 2013, p. 282).% Hualde (2013, pp. 250-55) argues that once the two
allophones were recategorized as distinct phonemes, the word-initial alternation between
[d3] (1c) and [3] (1e) disappeared from the native lexicon:

5) Medieval Spanish Istanbul JS
a. [dzénte] = [dzénte] ‘people’
b. [la 3énte] > [la dzénte] “the people’

Further evidence that an older alternation between [d3] and [3] was lost in word-initial
position comes from words that take the prefix /a—/ A
(6) [ad3untér]  ‘to add, join’ cf. [dztinto] ‘together’
[a(’:lT3u§tér] “to adjust’ [d?,li;;to] ‘just’
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For Medieval Spanish, Hualde assumes an underlying affricate /d3/ and posits a le-
nition process that targeted intervocalic voiced obstruents in an across-the-board fash-
ion, regardless of word or morphological boundaries. Such an analysis agrees with the
Neogrammarian hypothesis of regular sound change, which predicts that in the initial
stages, obstruent lenition would have been conditioned by strictly phonetic factors, such
as the intervocalic context, and not by morphological information, such as the presence
of word or prefix boundaries (see Hualde 2013, pp. 232—40 for discussion). According to
Hualde (2013, pp. 250-55, 260), the eventual loss of the word-initial alternation was a di-
rect consequence of the phonemic split between /d3/ and /3/ that was triggered by the influx
of Turkish and French loanwords with the two obstruents in the ‘wrong’ position. The end
result in Istanbul JS is a reduction in the number of surface allomorphs of native words be-
ginning with a voiced prepalatal obstruent, which is now uniformly non-alternating /d3/.
This leaves /3/ restricted to word-medial intervocalic position (1f).

2.2. Accommodation to MS /x/ in Contemporary Sephardic Communities

Fieldwork studies carried out in late-20th century Sephardic communities document
lexical borrowings from non-Sephardic MS into JS. Many such borrowings involve the ap-
parent substitution of syllable-initial prepalatal /f/, /d3/, or /3/ by the velar /x/ of MS. In a
linguistic study of the Sephardim living in Indianapolis, Indiana, Nemer (1981, p. 214) de-
scribes a JS speaker who had supervised Puerto Rican Spanish speakers at work in Chicago
for several years during the 1970s and who would often substitute /x/ in place of /d3/ or
/3/ in certain words when speaking JS, e.g., [6x0] instead of [63u] ‘eye’ as pronounced in
his native Monastir dialect.” Nemer views such substitutions “as not so much a choice, for
instance, of [x] over [3] and [d3], as a choice of forms with [x] over corresponding forms
with [3] and [d3]” (p. 214). Gilmer (1986, pp. 54-55) uses the term lexical instability to char-
acterize the occasional use of variants by JS speakers in Izmir, e.g., [ixa] instead of [i3a]
‘daughter’. Harris (1994, pp. 173-75) observes the widespread replacement of /f/, /d3/, or
/3/ by /x/ in the JS of New York and Los Angeles. Finally, Donath (1999, pp. 72, 78-79)
documents replacement by JS speakers residing in Mexico City, e.g., [atixas], [afloxarse],
[axuyar] instead of [ayt3as] ‘needles’, [aflofarse] “to loosen’, [afuyar] “bridal dress’.

Empirical studies of early-21st century JS provide additional data on accommodation
to MS /x/. On the basis of sociolinguistic interviews and translation tasks conducted in the
late 2000s, Romero (2012, pp. 101-2) observes the variable substitution of /x/ in place of
/§/, /d3/, and /3/ by many speakers in Istanbul and the Prince Islands, which are part of the
Istanbul Metropolitan Area. Romero (2013, pp. 288-91) argues that accommodation to MS
/x/ is best understood as lexically driven borrowing instead of phonological restructuring.
This argument rests upon two observations. First, accommodation shows inter- and intra-
speaker variation and does not affect all native lexical items equally, some words not at
all. Only 19 of Romero’s 45 informants replace syllable-initial /d?,/ and /3/ with /x/. The
following transcriptions, which combine standard Romanized orthography and IPA sym-
bols, show that one speaker varies in the pronunciation of i[3]as ~ i[x]as (7a), while another
substitutes [x] in [&E]udio and mu[3]er but not refu[3]ados (7b). A third speaker appears to
replace every instance of [3] with [x] in vie[3]as, i[3]os, i[3]a, and i[3]o (7c) (Romero 2013,
pp- 279, 286):
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7) a. Dospués pari dos i[3]as, dos i[x]as pari. (female, age 82)
‘Afterwards, I gave birth to two daughters, two daughters I gave birth to.”

b. Mozotros aki todos, todo el [x]udio de Estanbol de la Turkia también avlan el espanyol ke
mozotros semos refu[3]ados de la Espanya i avlamos la lingua . .. el Ladino. Yo, kon mi
mu[x]er. Kon mi mu[x]er, kon personas ... la edad mia porke la manseves no save. (male,
age 75)

‘All of us here, all the Jews of Istanbul, Turkey, also speak Spanish because we are
refugees from Spain and we speak the language ... Ladino. I, with my wife. With
my wife, with people ... my age because the youth don’t know how.’

c.  Aka el tiempo avia Baldt. Yo so nasida de Baldt, pero aora moz izimos vie[x]as i vini aki.
Aora esté muy repozada aki. Ya tengo i[x]Jos. Una i[x]a i un i[x]o tengo. (female, age 77)
“In the past there was Balat. I was born in Balat, but now we have gotten older and I
came here. Now I am very settled here. I already have two children. I have a
daughter and a son.’

Table 1 lists the words of Hispanic origin in Romero’s fieldwork corpus in which
prepalatals are most frequently replaced with /x/. Eight lexical items account for almost
84% of all instances of accommodation. In some native words, prepalatals are never re-
placed, e.g., [ké3zi] ‘almost’, [kize] ‘I wanted’, [méfka] ‘fly’ (cf. MS casi, quise, mosca).’

Table 1. Native words most frequently accommodated with /x/ in the JS of Istanbul and the Prince
Islands (adapted from Romero 2013, p. 288).

Lexical Item Percentage
[i30]/[i3a] ‘son’/'daughter’ 37% (64)
[mu3zér] ‘woman’ 18% (31)
[vjézol/[vjéza]l ‘old’ 10.5% (18)
[d3udj6]/[dzudia] ‘Jewish’ 10.5% (18)
[d36ven] ‘young man’ 7.6% (13)
Other 11 items 16.3% (28)
Total 100% (172)

The second observation that motivates lexical borrowing is that Romero’s participants
never replace /d3/ or /3/ with /x/ in Turkish or French loanwords, such as those in (2) and
(3). As Romero (2013, pp. 282-83) points out, the voiceless prepalatal /f/ also appears in
borrowings from Hebrew (e.g., [raf] ‘earthquake’, [lafén] ‘language, sermon’), Turkish
(e.g., [pafd] ‘dear’), and French (e.g., [fans] ‘luck, chance’) but is never replaced by /x/
in such loanwords. If accommodation involved merely substituting one phoneme with
another, then we might expect /x/ to appear more frequently and systematically in the
speech of these Sephardic communities than it actually does. We concur with Romero
that lexical borrowing provides a better explanation of the variable and restricted nature
of accommodation to MS /x/ and is also consistent with previous accounts in the literature
that describe language contact between JS and MS.

Extending the empirical comparison, Romero (2016) includes additional data from so-
ciolinguistic interviews carried out in 2013 within the Sephardic community of New York
City. As in Istanbul and the Prince Islands, the same words tend to show accommoda-
tion to MS /x/ most often, especially by generations of speakers aged 60 and younger. To
the items already listed in Table 1, Romero’s later study adds the following examples of
accommodation to MS /x/ in JS words containing /f/ (8a), /d3/ (8b), and /3/ (8¢):

8) a. [defar] “to leave’
[difol/[dife] ‘s/he said’ / ‘I said’
[1éfos] ‘far’
[mifor] ‘better’
[péfaro] “bird’
b. [dzénte] ‘people’
[estrand3éro] ‘foreign’

C. [vjazar] “to travel’
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Even though the process appears to substitute phonemes, accommodation to MS /x/
is actually part of a more general borrowing strategy that involves the replacement of one
word by another that shares the same meaning. Romero (2016, p. 393) reports that MS
loanwords carro ‘car’, caliente ‘hot’, joven ‘young man’, and comprar ‘to buy’ are used at
higher frequencies in New York City, while MS trabajo ‘job” is used more frequently in
Istanbul (cf. ]S arabd/oté/otomovil/vuatur ‘car’, kayente/kaénte ‘hot’, mansevo ‘young man’,
merkar “to buy’, lavoro/echo “job’). The higher prevalence of lexical accommodation in New
York City is attributed to the greater degree of language contact between the Sephardim
and local speakers of Puerto Rican, Dominican, and Mexican varieties of MS.

Kirschen’s (2019) study of Sephardic communities in South Florida provides more ev-
idence of JS lexical variation within the United States. He argues in favor of classifying all
speakers of contemporary JS as heritage speakers of the language, situated along a range
of different proficiency levels (p. 75). Using the Leipzig-Jakarta word list (Haspelmath
and Tadmor 2009) as an elicitation task with 20 JS-speaking participants in Miami-Dade,
Palm Beach, and Broward Counties, Kirschen found phonological variation in vowels, con-
sonants, and stress placement. Most importantly for our purposes, he carried out spectro-
graphic analyses of prepalatal obstruents (pp. 68, 70-71). The variants elicited for the
meaning ‘eye’ included [630s], [63us], and [6x0], as attested in previous studies. One her-
itage participant in particular, a bilingual speaker of ]S and Cuban Spanish, consistently
pronounced JS intervocalic /3/ as voiceless [{]. Along with this speaker’s productions in (9),
we give the corresponding pronunciations in Istanbul JS. Kirschen describes the process as
an innovation, since intervocalic /3/ did not devoice historically in JS.

9) South Floridian JS idiolect Istanbul JS
[ifo] [i30] ‘son’
[oréfa] [oréza] ‘ear’
[6fa] [63a] ‘leaf’
[6fo] [630] ‘eye’
[vjéfol [vjézol ‘old’

Drawing from the newly created Corpus Oral del Judeoespafiol de Turquia del Siglo XXI
(COJUT XXI), Spiegel (2020) documents variation in the pronunciation of Turkish, French,
and MS loanwords within the Sephardic communities of Istanbul and Izmir, Turkey, both
of which are highly multilingual. Besides JS and Turkish, many community members also
include French, MS, Hebrew, Italian, and/or English as part of their linguistic repertoire.
Spiegel analyzes transcripts of biographical-narrative interviews in JS recorded in 2015
and 2016 with 30 speakers (15 from each community) to obtain frequency counts of dif-
ferent lexical variants that are commonly cited in the previous literature. Of the 30 total
participants, six from Izmir and eight from Istanbul are reported to have had contact with
MS, either through work in tourism, by traveling to or having family members in coun-
tries where MS is spoken, or by taking classes in MS (pp. 239, 254-59). Table 2 gives a
quantitative illustration of the rates of accommodation to MS /x/, drawing from the inter-
view data of two such participants from Izmir and one from Istanbul. Within each of the
five lexemes, phonological variants are ordered vertically, with more frequent realizations
at the top. Different lexemes favor /f/, /CTZ;/, /3/, and /x/ at different rates. For example,
Speaker A favors /3/ at a combined rate of 73% vs. /x/ at 27% for ‘son/daughter’ but at
the same time prefers /x/ at 69% vs. /3/ at 31% for ‘wife’. Speaker H produces ‘down/to
descend’ with /x/ at an overall rate of 71% vs. /f/ at 29% but simultaneously produces ‘to
say’ with /f/ at 96% vs. /x/ at 4%. Speaker L pronounces ‘Jewish’ with /x/ at 73% vs. /d3/ at
27%. Spiegel’s quantitative results corroborate the findings of previous studies on accom-
modation in late-20th and early-21st century Sephardic communities. Not all community
members show uniform variability across the entire lexicon. Instead, there is speaker- and
word-specific variation. It is clearly not the case that all native JS words inherited from
Medieval Spanish show accommodation to MS /x/ at the same rates.
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Table 2. Token frequency counts from the COJUT XXI showing intra- and inter-speaker variation
in accommodation to MS /x/, based on the lexemes for ‘son/daughter’, ‘wife’, ‘down/to descend’,
‘to say’, and ‘Jewish’, as pronounced by three Turkish JS speakers whose linguistic repertoire also
includes MS (adapted from Spiegel 2020, pp. 271, 277-78, 284).

Lexical Item Percentage
Speaker A (Izmir) [i3al/[izas] 57% (43)
[ixa]/[ixas] 21% (16)
[i30]/[i30s] 8% (6)
lizika]/[izikas] 7% (5)
[ixo]/[ixo0s] 4% (3)
[iztkus] 1% (1)
[ixu]/[ixus] 1% (1)
Total 100% (75)
[muxér]/[muxéres] 69% (11)
[muzér]/[muzéres] 31% (5)
Total 100% (16)
Speaker H (Istanbul) [abaxo] 53% (9)
[ab4fo] 29% (5)
[abaxi] 12% (2)
[abaxar] 6% (1)
Total 100% (17)
[dife] 83% (76)
[difo] 12% (11)
[dixo] 3% (3)
[dixe] 1% (1)
[difimos] 1% (1)
Total 100% (92)
Speaker L (Izmir) [xudjos] 64% (7)
[d3udjé] 18% (2)
[d3udj6s] 9% (1)
[xudjo] 9% (1)
Total 100% (11)

A reviewer asks whether the variability reported in the above studies might also be
related to the fact that the JS speakers were aware that the MS cognates contain /x/ but that,
in the interview situation with a person who was obviously not a native speaker of JS, they
tried to accommodate to the MS norm but failed to do so consistently. Because Romero
(2013, 2016), Kirschen (2019), and Spiegel (2020) took care to conduct their sociolinguistic
interviews in JS, the participants were less likely to try and accommodate to MS pronunci-
ation norms during the field recording sessions. On the importance of inducing a mono-
lingual language mode in experimental production studies with bilinguals, see Amengual
(2012, p. 525). Furthermore, Spiegel’s frequency data from the COJUT XXI reveal speaker-
and word-specific effects, which suggest that variability is not entirely random but instead
structured, most likely on the basis of individual speakers’ previous experiences with MS
interlocutors and speech communities.

In the remainder of this paper, we motivate a formal analysis of voiced prepalatal
obstruents in terms of fortition and continuity lenition within a core-periphery model of
the JSlexicon. We apply this model to account for the evolution of voiced prepalatals under
language contact, with Medieval Spanish as a comparative starting point.

3. Fortition, Continuity Lenition, and the Voiced Prepalatal Alternation

Katz (2016) distinguishes between two types of consonant lenition. Loss lenition re-
moves a feature or a segment from the phonological representation, tends to apply in con-
texts of diminished perceptibility, and may cause positional neutralization of phonological
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contrasts. An example of loss lenition is coda obstruent debuccalization, which neutralizes
the place contrast among syllable-final obstruents to [?], [h], or [@]. On the other hand,
continuity lenition entails an increase in consonant intensity and possibly a decrease in du-
ration, tends to apply in perceptually prominent positions, such as between vowels, and
typically does not lead to positional neutralization of phonological contrasts. Two common
processes of continuity lenition are the voicing of intervocalic voiceless obstruents and the
spirantization of intervocalic voiced obstruents. Conjointly with the opposite processes
of fortition, i.e., devoicing to a voiceless obstruent and strengthening to a voiced stop or
affricate, processes classified as continuity lenition result in a surface pattern of weaker allo-
phones appearing within prosodic domains and stronger allophones appearing at domain
edges. The functional basis of continuity lenition is that it creates a segmental distribution
that conveys information to the listener about the prosodic structure of the utterance (Keat-
ing 2006; Kingston 2008; for supporting evidence from psycholinguistic experimentation,
see Katz and Fricke 2018; Katz and Moore 2021). “The motivation behind this pattern is
that it aligns auditory disruptions with constituent boundaries, and lack of disruption with
lack of boundaries, which plausibly helps a listener detect where the boundaries are” (Katz
2016, p. 47). As a prime example of continuity lenition, Katz describes the weakening of
voiced stops /b/, /d/, /g/ to spirant approximants [B], [8], [y] after vowels and certain
consonants in MS, as observed in phonetic transcriptions of two speakers from Venezuela,
and cites similar alternations in other languages, to which we also can add JS (see note 3).
Cross-linguistically, spirantization “is most frequently observed between vowels and sono-
rant consonants, less frequently in medial clusters and final position, and is often blocked
following nasals. It rarely results in positional neutralization of contrasts found elsewhere
in a language” (Katz 2016, p. 51).

According to Hualde (2013), the alternation between word-initial [d3] and [3] in Me-
dieval Spanish was the result of a lenition process that changed underlying /d3/ to [3] be-
tween vowels. A possible alternative analysis might posit phonemic /3/ and a process of
fortition to [CE] after a pause or a nasal consonant. Which of the two alternants was, in fact,
underlying? From the perspective of contemporary phonological theory, the answer to this
question turns out to be irrelevant. In the framework of Optimality Theory (henceforth,
OT; Prince and Smolensky 2004; McCarthy and Prince 1999; McCarthy 2008), faithfulness
constraints require the output value of the phonological feature of a segment to match the
value specified in the corresponding segment in the input, while markedness constraints
penalize outputs that contain phonotactically ill-formed structures. In line with the OT
tenet known as Richness of The Base (ROTB), generalizations about a language’s inven-
tory of sounds in the output must emerge from the phonological grammar, i.e., constraint
ranking, and not from any restrictions placed directly on the input, nor from some combi-
nation of input restriction and phonological operation or constraint (Prince and Smolensky
2004, pp. 205, 225; McCarthy 2002, pp. 70-71, 2008, pp. 88-95). It does not matter whether
the input in Medieval Spanish contains / d?,/ or /3/ because their surface distribution should
be predictable entirely by constraint interaction in the phonological grammar.

We propose to interpret the voiced prepalatal obstruent alternation in Medieval Span-
ish as an instance of continuity lenition, in which utterance-initial fortition to [d3] operates
in conjunction with utterance-medial spirantization to [3]. Since we posit the entire Utter-
ance in Figure 1 as the prosodic domain of the alternation, our interpretation is consistent
with the Neogrammarian hypothesis that, in its initial stages, spirantization of /d3/ would
not have been blocked by word or prefix boundaries (Hualde 2013, pp. 232-40). Given
its initial closure period, the voiced affricate is arguably less intense than the voiced frica-
tive. Spirantization applies between vowels, which is a perceptually prominent position,
and is blocked following nasals. Since [d3] and [3] are non-contrastive variants of a single
phoneme, spirantization does not result in positional neutralization of a phonological con-
trast. Rather, the surface distribution of these two consonants is completely predictable
across all of the phonological contexts in which they occur. These are the hallmark prop-
erties of continuity lenition as defined by Katz (2016).
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Utterance

Intonational Phrase

Phonological Phrase

Iy

Prosodic Word

Figure 1. Domains of the prosodic hierarchy, showing only the Prosodic Word and above (adapted
from Bonet 2020, p. 333; see also Selkirk 1978, 1984, 1986; Nespor and Vogel 1986).

To explain why continuity lenition typically does not result in the positional neutral-
ization of phonological contrasts, Katz (2016) argues that the process requires a formal
treatment in OT that is distinct from the treatment of loss lenition. In an analysis of spi-
rantization, (10a) requires faithfulness to the feature [continuant], which distinguishes the
natural class of stops and affricate consonants from the class of fricatives and spirant ap-
proximants. Unlike stops, affricates can be defined as [+delayed release] (Hayes 2009, pp.
79-80), not shown here. (10b) is relevant to the analysis of obstruent [voice] alternations.

(10) a IpENTITY(CONtinuant)
Let ot be a segment in an input and {3 be a correspondent of « in the output.
Assign a violation if « is [ycontinuant], and {3 is not [ycontinuant].
b. IpENTITY(VOIiCE)
Let « be a segment in an input and 3 be a correspondent of « in the output.
Assign a violation if « is [yvoice], and {3 is not [yvoice].

If indeed separate markedness constraints were responsible for intervocalic lenition
and edge fortition, then it should be possible for some language to rank (10a) or (10b)
between the two constraints. However, either such ranking would incorrectly predict neu-
tralization of continuancy or voicing contrasts in the position targeted by the higher rank-
ing markedness constraint, as well as contrast maintenance in the position targeted by the
lower ranking markedness constraint. Continuity lenition is special because it requires an
interaction between faithfulness and a single markedness constraint that is responsible for both
lenition and fortition.” Katz (2016, p. 56) proposes a new family of BounpaRY-DIsRUPTION
constraints that have exactly this property. The definition in (11) enforces opposite re-
quirements in complementary positions in the output, depending on whether the target
segment appears inside or at the edge of a given prosodic domain. Such a distribution
serves to increase the perceptibility of domain boundaries.®

11) Bounpary-Disruprtion(I,D,P)
Intensity drops to amount I or lower for at least duration D at and only at a prosodic
boundary of level P.

Table 3 shows the relative values of intensity (I) and duration (D) that Katz hypoth-
esizes for various natural classes of segments. We add IPA symbols for four prepalatal
obstruents to the left of their respective intensity values and assume that affricates rank
with stops. Consonants that are auditorily more disruptive between vowels have lower
intensity and longer duration. The parameter P in (11) ranges over the prosodic domains
shown in Figure 1, which omits constituents below the Prosodic Word for convenience.
The prosodic hierarchy is governed by the Strict Layer Hypothesis (Selkirk 1986): lower
constituents are contained by the next highest constituent, and levels are not skipped.”’
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Table 3. Intensity and duration values for major consonant classes (adapted from Katz 2016, p. 57).

Class Intensity Duration

glide

tap

voiced continuant
voiced stop

6
5
4
3
voiceless continuant 2
1

H W ON=RT
WWNN RN

voiceless stop

Analyzing prosodically based continuity lenition of the voiced stops /b/, /d/, /g/ in
U.S. Spanish of Colombian heritage, Lozano (2021) reformulates (11) so as to define inten-
sity thresholds according to a consonant’s position within a specified prosodic domain:

12) INTENSITY <D oA
Assign a violation for every
a. consonant of intensity < that is not edge-adjacent in a prosodic Domamn
b. edge-adjacent consonant in a prosodic DomaIn that is not of intensity <n

This revised format offers several advantages over (11) to an analysis of /d3/ spiran-
tization. First, while voicing lenition can be analyzed as “a secondary consequence of
shortening” (Katz 2016, p. 64) based on a reduction in duration, the main acoustic cor-
relate of spirantization turns out to be intensity. In fact, the relative ordering of intensity
values in Table 3 is overwhelmingly supported by phonetic studies of different monolin-
gual varieties of Spanish (Martinez-Celdran 1984; Lavoie 2001; Parker 2002; Carrasco 2008;
Martinez-Celdran and Regueira 2008; Colantoni and Marinescu 2010; Eddington 2011; Car-
rasco et al. 2012; Figueroa 2016; Bros et al. 2021). The definition in (12) altogether omits
reference to duration. Second, (12) adheres to McCarthy’s (2003) proposed convention of
defining categorical markedness constraints by explicitly stating the conditions that must
hold of a given locus of violation within an output candidate in order for a violation to
be triggered, i.e., “Assign a violation for every ... ” Third, the revised constraint unpacks
the phrase “at and only at” in (11) by defining the lenition context (12a) separately from the
fortition context (12b). In our experience, separating the two clauses in this way makes it
easier to know when a particular candidate violates a given INTENSITY constraint.

The scale in Table 3 ranks natural classes of segments by the degree to which they
disrupt the stream of flanking vowels, which we assume have an intensity index of 7. In-
tensity contours can be represented quantitatively by converting [VCV] strings into nu-
merical sequences, situated along a continuum of relative flatness. In Figure 2, intensity
values are given below their corresponding segments. We include the prepalatal obstru-
ents here, foreshadowing their appearance in the analysis to come. The intervocalic glide
is the least disruptive, dropping intensity by just one level in 767. Intervocalic [tf] is the

most disruptive, dropping intensity by six levels in 717.1

VjVv ViV V3V vdzV VIV i\
767 757 747 737 727 717

Figure 2. Ranking of [VCV] intensity contours by relative flatness. Flatter contours appear to the left,
and greater dips in intensity appear to the right.

The constraint schema in (12) raises consonantal intensity and produces flatter [VCV]
contours in the absence of a specified prosodic boundary and, at the same time, lowers
consonantal intensity and produces more disruptive [VCV] contours when the consonant
appears at the edge of such a boundary. This schema projects individual constraints as
a function of specific intensity values and prosodic domains. For example, twelve such
constraints define cutoffs for intensity levels 1-3 across the four highest prosodic domains:

13) INTENSITY<3U  INTENSITY<3t INTENSITY<3¢ INTENSITY<3W
INTENSITY<S2U  INTENSITY<2L  INTENSITY<2¢ INTENSITYS2W
InTENSITY<1U  INTENSITY<1Ut INTENSITY<1¢ INTENSITYSIW
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Because they refer to scales, the constraints in (13) form stringency hierarchies (de
Lacy 2004) in OT. Given a pair of constraints, the more general of the two is said to be the
more stringent because it assigns more violations to the same set of candidates than the
more specific, less stringent constraint assigns. Violations of the more stringent constraint
form a superset of, or contain, the violations of the less stringent constraint; conversely, vi-
olations of the less stringent constraint form a subset of, or are contained by, the violations
of the more stringent constraint. The harmony, or relative well-formedness, of each output
candidate remains the same no matter how the stringently related constraints are ranked
with respect to each other. As a result, the ranking of constraints in (13) need not be univer-
sally fixed in order to define prosodically based intensity thresholds, which emerge instead
from the interaction between faithfulness and the highest ranking INTENsITY constraint in
the grammar of a given language. For further discussion of the stringency relationship
among INTENsITY constraints, see Lozano (2021, pp. 117-39).

We argue that the ranking of INTENSITY <3U above IpENTITY(CONt) and the other INTEN-
sITY constraints predicts the complementary distribution of Medieval Spanish [d3] and [3].
We begin with an analysis of the word-initial phrasal alternation (1c—e). Tableau (14) eval-
uates eight input-output mappings: four in word-initial Utterance-medial position (14a—d)
and four in Utterance-initial position (14e-h). ‘#’ denotes a word boundary. In accordance
with ROTB, we consider both /d3/ and /3/ as possible inputs in each of the two positions.
To focus the analysis, we show violations of INTENsITY<3U only for prepalatal obstruents.
Candidate evaluation proceeds as follows. (14a,c) violate clause (12a) because [d3] is of in-
tensity 3 but is not edge-adjacent in the prosodic domain of the entire Utterance, denoted
as (... )u. (14b,d) satisfy (12a) because non-edge-adjacent [3] is of intensity 4. (14fh) vi-
olate (12b) because [3] is edge-adjacent in the Utterance but is not of intensity level 3 or
lower. (14e,g) satisfy (12b) because edge-adjacent [d3] is of intensity 3.

The unfaithful mappings in (14b,g) are crucial in showing that the grammar forces
voiced prepalatal obstruents to undergo spirantization and fortition, respectively, to avoid
the violations of INTENSITY<3U in (14a,h).

(14) INTENSITY<3U | IDENTITY(cont)
a. /lattdzénte/ (..ladzénte...)u .
737
w b, (...lazénte...)u "
747
c. /la#tzénte/  (..ladzénte...)u . .
737
w o d. (...lazénte...)u
747
w e./dzénte/ (dzénte...)u
37
f. (3énte...)u 1 "
47
= g./3énte/ (dzénte...)u .
37
h. (3énte...)u 1
47

Tableau (15) gives the analysis of word-medial intervocalic position (1f), again assum-
ing both /d3/ and /3/ as possible inputs. INTENsITY<3U rules out the 737 contours in (15a,c),
as it does in word-initial Utterance-medial position (14a,c). The relatively flatter 747 con-
tours in (15b,d) are optimal, as in (14b,d):
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(15) INTENSITY<3U | IDENTITY(cont)
a./6dzo/  (..6d30..)u .
737
w b, (...630...)u "
747
c. /630/ (...6d30..)u . .
737
w o d. (...030...)u
747

Continuity lenition alone fails to explain postnasal hardening in domain-medial con-
texts. Assuming that nasal stops rank with voiced continuants at intensity level 4 (Katz
2016, p. 67), INTENsITY<3U actually favors [n3V] (447) because it makes a flatter intensity
contour than [ndA3V] (437). Building upon various definitions by Katz (2016, p. 62), Colina
(2020, p. 8), and Martinez-Gil (2020, p. 57), we adopt the following markedness constraint:

(16) AGREE(continuant)

Assign a violation for every voiced obstruent that does not agree

in the feature [continuant] with a preceding consonant.
Tableau (17) adds this constraint at the top of the hierarchy established thus far. Al-
though (17b,d) contain a flatter intensity contour, the [n3] cluster fatally violates AGREE
(cont), on the assumption that nasal stops require an articulatory closure in the oral cav-
ity. (17a,c) are optimal because in the [nd3] cluster, the affricate and the preceding nasal
stop share the same [—continuant] value. An alternative agreement strategy, not shown
here, is to map the input nasal stop to [+continuant] in the output, as in [ko33énte]. This
change is ruled out by a high ranking constraint against nasal continuants, which are ex-
tremely marked segments cross-linguistically (see Cohn 1993; Padgett 1994; Shosted 2006;

Kingston 2008, p. 16; Katz 2016, p. 62).!!

(17) AGREE | INTENSITY | IDENTITY
(cont) <3U (cont)
= a./kon#d3énte/ (...kondzénte...)u .
437
b. (...konzénte...)u # "
447
w c. /kon#zénte/ (...kondzénte...)u . .
437
d. (...konzénte...)u #
447

The low ranking of IpEnTITY(CONt) explains why the continuancy distribution in Me-
dieval Spanish voiced prepalatal obstruents is non-contrastive and entirely predictable. On
the other hand, prepalatal obstruents do not alternate in voicing, which points to a high
ranking of faithfulness to [voice] (10b). Tableau (18) evaluates possible mappings of word-
medial intervocalic /tT/ and /f/ (1a,b), including changes in continuancy, voicing, and both
features simultaneously:
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(18) IDENTITY(voi) | INTENSITY<3U | IDENTITY(cont)
v a./noffe/ (...ndTe...)u "
717
b. (...ndfe...)u . %
727
c. (..nédze...)u " .
737
d. (...nd3e...)u - "
747
e. /bafo/ (...baTo...)u " %
717
w (...baJo...)u "
727
g. (...badz0...)u . . .
737
h. (...bdzo0...)u *|
747

Although 747 is the only intensity contour that satisfies INTENSITY <3U, mappings (18d,
h) fatally violate IpenTITY(VOi), as do (18¢,g). Since [tf] and [f] fall below the level 3 intensity
threshold, the remaining candidates within each evaluation violate INTENSITY<3U equally.
The tie is broken by lower ranking IpEnTITY(CONt), which maintains the input contrast be-
tween /tf/ (18a) and /f/ (18f).

Faithfulness to [voice] also explains why Utterance-initial /3/ does not devoice. Both
(tfénte...)y and (fénte...)y satisfy INTENSITY<3U, but mapping the input /3énte/ to either
of these outputs would fatally violate high ranking IpenTiTY(VOi). Fortition to a voiced
prepalatal affricate is the optimal strategy for creating a great enough intensity dip at the
left edge of the Utterance domain, as seen in (14g).

The constraint ranking for Medieval Spanish is summarized by the Hasse diagram in
(19). A vertical line connects a given constraint to the constraint it dominates:

(19) Medieval Spanish
IDENTITY(vo0i) AGREE(cont)

INTENSITY<3U

IDENTITY(cont)

4. A Core-Periphery Model of the Istanbul JS Lexicon

The ranking in (19) also must have been active in JS at the time of the late-15th cen-
tury expulsion. To model the innovative evolution of voiced prepalatal obstruents un-
der language contact in the diaspora, our analysis requires a few more markedness con-
straints that make reference to segmental features. Table 4 lists the minimal feature spec-
ifications necessary to define the five obstruent, or [—sonorant], segments of interest. We
use PALATAL) and DORGAL) as convenient labels to differentiate between the prepalatal ob-
struents, which activate both the tongue blade and tongue dorsum, and the voiceless velar
fricative, which activates only the tongue dorsum. See Zampaulo (2019, pp. 31-45) for a
detailed discussion of the phonetic characteristics of various palatal segments, including
the prepalatal obstruents analyzed here.
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Table 4. Phonological features that define five obstruent consonants.

tf d3 S 3 X
[sonorant] - - — — —
[voice] — + - + -
[continuant] — — + + +
Place PAL PAL PAL PAL DOR

We assume that context-free markedness constraints can be projected from whichever
feature combinations most adequately capture the patterning of natural segmental classes
as observed in a given language variety. For example, the surface inventory of the native
lexicon in late-15th century Medieval Spanish included the prepalatals [tf], [§], [d3], and
[3], as well as the voiceless velar stop [k] (1a,d), but lacked a voiceless velar fricative [x].
This generalization can be captured by a low ranking of the markedness constraint *[—son,
pAL], which assigns a violation for every output prepalatal obstruent, and a high ranking
of *[—son, —voi, +cont, por], which assigns a violation for every output fricative [x], but
not for the stop [k]. In addition to the faithfulness constraints in (10), we assume IDEN-
trTY(Place), which penalizes corresponding input and output segments that differ in place
of articulation features.

Our account of the role of lexical borrowing in JS makes use of a general faithfulness
constraint that refers specifically to words that do not belong to the native core lexicon. In
OT, lexical indexation of constraints makes it possible to account for phonological patterns
that are observed only in specific classes of morphemes. Pater (2007, 2010) and Coetzee
(2009) argue that both markedness and faithfulness can be indexed to sets of items in the
lexicon as a way to capture morpheme-specific triggering and blocking effects, respectively.
In their model of the Japanese lexicon, Ito and Mester (1999, 2009b) propose to restrict
lexical indexation to faithfulness constraints, which are indexed to four separate lexical
strata and interspersed among a hierarchy of non-indexed markedness constraints. The
native core lexicon of Japanese is subject to the greatest number of markedness constraints,
whose effects are blocked by higher ranking faithfulness constraints that are indexed to
more peripheral strata. The interleaving of markedness and lexically indexed faithfulness
mirrors the nested structure of Japanese lexical strata and is able to account for the various
degrees of loanword assimilation that have been observed in the language.

A conservative hypothesis—and the correct one, as far as we can tell —is that JS im-
poses a binary distinction between the native core lexicon (i.e., morphemes inherited di-
rectly from the predecessor language, Medieval Spanish) and a single peripheral stratum
thatincludes representations of lexical borrowings, such asloanwords. IDENTITY constraints
apply by default to the native vocabulary, but items from the loanword stratum are lexi-
cally marked with a subscript L diacritic that indexes them to a different faithfulness con-
straint, which we define as follows:

(20) FAITH] g0n
Let o be a segment in an input from the loanword stratum and 3 be a
correspondent of « in the output. For each feature F € {continuant,
voice, Place ... }, assign a violation if « is [YF], and {3 is not [yF].

The constraint name comes from Simonovic¢ (2009, 2015), who discusses so-called
‘onion’ models of lexical stratification that involve indexation of various faithfulness con-
straints, as in Ito and Mester’s (1999, 2009b) analysis of Japanese. The formal definition
in (20) is ours. It allows for a single constraint to assign multiple violations to a given
candidate depending on the number of unfaithful feature mappings that occur within a
diacritically marked morpheme. For example, the mapping of /d3/ — [x] within a native
morpheme violates IpEnTITY(CONt), IDENTITY(VOi), and IpENnTITY(Place) but not FAITH o 5y-
The same mapping within a loanword incurs three violations of Farrhy o,y but vacuously
satisfies the three IDENTITY constraints.

Figure 3 schematizes the core-periphery model. Given a set of markedness (MaRrk)
constraints, their interaction with Farrsy .y and IDEnTITY predicts that the segmental in-
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ventory of the JS native core lexicon will be a subset of the full inventory of segments that
are observed in the language more broadly, as illustrated by the overlapping rectangles.

- ——— - N\

//;‘— =< ~
(«" FAITHioan v » MARK1 » IDENTITY ) » MARK>
NS o -

\::—f—-’ ”/

loanword stratum

Mark: & Mark: inactive | native core

Mark: inactive

Figure 3. A core-periphery model of the Istanbul JS lexicon.

Tableau (21) incorporates FAITH o, and *[—son, paL] into the hierarchy in (19), omit-
ting IDENTITY(VOi) and AGreg(cont). To save space, we no longer include numerical inten-
sity contours beneath output candidates. The first two inputs are repeated from (14gh)
and (15a,b). The other two are representations of loanwords, marked by the subscript L:
/30x1,/ based on French jour ‘day’ (3a) and /ad3émy/ based on Turkish Acem ‘Persian’ (2d).
The dashed line between the rightmost two columns indicates that the ranking of IpEn-
TITY(Ccont) and *[—son, paL] is yet to be determined. Within the native lexicon, the rank-
ing of INTENsITY<3U above IDENTITY(CONt) Optimizes Utterance-initial fortition (21a) and
Utterance-medial spirantization (21d). Voiced prepalatal obstruents appear in the same
phonological contexts within loanword outputs (21e-h), thereby incurring the same vio-
lations of InTENSITY<3U. However, the loanword inputs are lexically indexed to higher
ranking FAITH] oy, Which blocks fortition (21e) and spirantization (21h). As this compari-
son shows, the late-15th century JS grammar allows voiced prepalatal obstruents to surface
faithfully in the peripheral loanword stratum (21f,g) but otherwise requires a continuancy
alternation in the native core (21a,d). Lexical indexation can also explain why spiranti-
zation is blocked in numerals influenced by Catalan and Aragonese borrowings and in
Italianisms (4). Inputs /déd3er./, /péd30L/, etc., are predicted to pattern such as /adzémy/

(21g).

(21) FAITHLom INTENSITY | IDENTITY E *[-son,
<3u (cont) | PAL]
w  a./3énte/ (dzénte...)u * E *
b. (3énte...)u *| o
c. /6d30/ (...6d30...)u *| b
w o d. (...030...)u * E *
e. 308/ (F305...)u 1 B
e f (308...)u * Lo
w g./adzémy/ (...adzém...)u * E *
h. (..a3ém...)u *| p

Even though /x/ is absent from the JS native lexicon, our analysis still needs to show
how the phonological grammar would repair such an input fricative, in keeping with
ROTB. Tableau (22) includes /xavén/ as a hypothetical input for [favén] ‘soap’ (1b) in
comparison with the loanword input /x0d34y,/ based on Turkish hoca ‘Muslim priest’ (2d).
A dashed line between columns indicates that the two constraints are not (yet) crucially
ranked. Because the constraint against [x] outranks both IpenTITY(Place) and *[—son, paL],
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hypothetical input /x/ in native morphemes is forced to surface as a prepalatal obstruent [f]
(22b). The ranking of IpENnTITY(cONt) above IpENTITY(Place) prevents the alternative strat-
egy of strengthening /x/ to [k] (22c). Ranked above *[—son, —voi, +cont, por] and INTEN-
siTY<3u, FAITH] o,y blocks the mappings /x/ — [f] and /dz/ — [3] (22e—g), which ensures
that input /x/ and /CE/ surface faithfully within the loanword (22d).

22) Earmy | [Fson Vo, INT| ID | ID *[-son,
+cont,DOR] , <3U | (cont) | (PI) , PAL]
a. /xavon/ (xavén...)u *1 E E
= b, (Javén...)u £ 0
c. (kavén...)u E *1 E
w d./xod3a/  (xod3a..)u * E * E *
e (Jod34...)u | Lo Lo
f (x034...)u | £ L
g. (Joza...)u ** L

In the explanation proposed by Hualde (2013, pp. 250-55, 260), the loss of the word-
initial voiced prepalatal alternation from Istanbul JS is tied to the phonemic split between
/d3/ and /3/. Once Turkish and French loanwords brought a new awareness that the two
prepalatal obstruents were phonologically distinct, JS speakers reinterpreted /d3/ as the
underlying phoneme in the initial position of words that were inherited from Medieval
Spanish, leaving /3/ restricted to word-medial intervocalic position. This explanation is
not available within the core-periphery model in Figure 3, which regulates contrast in loan-
words separately from contrast in the native lexicon. The necessary ‘split” is not between
two phonemes /d3/ and /3/ but rather between two types of faithfulness constraint in the
phonology, i.e., FAITH] o,y and IDEnTITY(CON). It is not immediately obvious how a change
in the contrastiveness of voiced prepalatal obstruents in the peripheral loanword stratum
could affect their distribution in the native lexicon. A re-ranking of IpExTITY(CONt) above
InTENSITY <3U would allow /d3/ and /3/ in both initial and medial contexts to surface faith-
fully in native words, but this result is incorrect. What took place in the native lexicon was
not a change in contrastiveness but rather a change in the surface distribution of the voiced
affricate, which was merely generalized to word-initial intervocalic contexts.

A single re-ranking of two INTENSITY constraints can easily model the innovative gen-
eralization of word-initial [d3]. In the grammar of late-15th century Medieval Spanish
and JS, high ranking INTENsITY<3U established the Utterance in Figure 1 as the prosodic
domain of edge fortition and medial spirantization. Assuming that FArtHy o,y caused loan-
word /d3/ (2a) and /3/ (3a) to be realized faithfully across all phrasal contexts, the absence
of a word-initial alternation in lexical borrowings could have provided language learners
with enough evidence to re-rank the INTENSITY constraints, thereby narrowing down the
domain of the alternation from the Utterance to the Prosodic Word, but in the native core
lexicon. Tableau (23) illustrates this new ranking of INTENsITY<3w above INTENsITY<3U.
The first input is repeated from (14c,d), and the second is a prefixed infinitive, from (6). '+
denotes a stem-affix boundary. Only /3/ is considered in the input, but the analysis would
still work assuming /d3/. Output candidates now include both Utterance and Prosodic
Word constituents, omitting other prosodic domains for simplicity. Both the definite arti-
cle /la/ and the prefix /a—/ are recursively adjoined to the following w in the output, while
inflectional suffixes fall within the same w as the stem (see Elordieta 2014, pp. 31, 44 for
a discussion of this prosodic representation in MS). INTENsITY<3w assigns fatal violations
to (23b,d) because [3] appears at the edge of a w domain but is not of intensity level 3 or
lower. Fortition to [d3] is optimal in candidates (23a,c), despite their violations of lower
ranking IDENTITY(CONt) and INTENSITY<3U.
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(23) INTENSITY | IDENTITY E INTENSITY
Bw (cont) + <3U
w  a./la#tzénte/ (...(la(dzénte)w)w...)u * : *
b. (...(la(zénte)w)w...)u *! E
w  C. /a+3unt+ar/ (...(a(d3untar)w)w...)u * : *
d. (..(a(zuntanw)w...)u *! E

The re-ranking in (23) does not change the evaluation of other phonological contexts in
Istanbul JS. INTENSITY <3wW still ensures postpausal fortition (24a), because Utterance-initial
segments are also w-initial, as well as intervocalic spirantization within the w domain (24b).
Although INTENsITY<3w favors w-initial fortition independently of the preceding segmen-
tal context in (24c), higher ranking AGreEe(cont) is still necessary to account for w-medial
postnasal hardening in examples such as (24d), repeated from (8b). Furthermore, high
ranking IDENTITY(VOi) keeps prepalatal obstruents from undergoing a change in voicing,
cf. the discussion surrounding Medieval Spanish (18).

(24) a. ((dzénte)w ... )ry c. (..(kon(dzénte)w)w ... )y
b. (...(630)w ... )y d.  (..(estrandzéro)w ... )y

Finally, tableau (25) allows us to determine the ranking of the lowest two constraints
in the hierarchies of both Medieval Spanish and JS. IpenTITY(Place) favors the faithful can-
didate (25a), despite its violation of lower ranking *[—son,PAL].

(25) IDENTITY(Place) | *[-son,PAL]
w a./ffiko/  (fiko)w *
b. (kiko)w *|

The complete ranking in Istanbul JS is summarized by the Hasse diagram in (26):

(26) Istanbul |S
FAITHLoan IDENTITY(vOi)  AGREE(cont)

*[-son,~—voi,+cont,DOR] INTENSITY<3w
IDENTITY(cont)
IDENTITY(Place)

*[-son,PAL]

The core-periphery model can also account for lexically based differences in the real-
ization of other segments, including cases in which borrowed words are combined with
native JS affixes. For example, [3usnaléro] (3a) has both a uvular fricative /¥/ in the French
nominal form and an apicoalveolar tap /r/ in the JS agentive suffix. We assume that rhotic
consonants are [+sonorant], [—nasal], and [—lateral], and that the markedness constraint
*[+son, —nas, —lat, poR] assigns a violation for every output [&], but not for [r], which is
COR(ONAL) because it activates the tongue tip. In tableau (27), the input combines /3usnal;/
(< French journal ‘newspaper’) and the JS suffix, shown here with a hypothetical input /g/
to demonstrate compliance with ROTB. High ranking Fa1THy o, eliminates (27c,d) because
the rhotic contained within the input loanword has switched from por to cor in the out-
put. The ranking of *[+son, —nas, —lat, por] above IpEnTITY(Place) forces hypothetical /g/
in the native JS suffix to surface as [r] (27b). This ranking accounts for the general absence
of /¥/ from Istanbul JS, except within morphemes that are diacritically marked as lexical
borrowings. In principle, this approach can be extended to other segmental differences
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by ranking the appropriate markedness constraints between Farray o,y and the relevant
IDENTITY constraint(s).

(27)  /zusnali+éso/ FAITHLoan | *[+son,—nas,~lat,DOR] | IDENTITY(Place)
a. (3usnaléso)w i
w  b. (3usnaléro)w * *
c. (3urnaléso)w *! *
d. (3urnaléro)w *! *

5. Variable Accommodation to MS /x/ in Contemporary Sephardic Communities

As indicated by the review of sociolinguistic studies in Section 2.2, the most recent
century of the Sephardic diaspora has seen an ever-increasing degree of language contact
with MS, leading many heritage speakers of JS to substitute /x/ in place of syllable-initial
/§/,/d3/, or /3/ in some words. Romero (2013, 2016) argues that accommodation to MS /x/ in
the Sephardic communities of Istanbul and New York is driven by lexical borrowing: the
process shows speaker- and word-specific variation, fails to affect some native JS words,
and is unattested in Hebrew, Turkish, or French loanwords. Kirschen (2019) reports further
evidence of variation and an innovative devoicing process affecting intervocalic /3/. We
now account for these patterns using the core-periphery model.

5.1. Variation among Lexical Representations

Tableau (28) shows how the JS grammar handles four different inputs: MS loanwords
/6xor/ (1f) and /xudior/ (7b), native JS /630/, and the hypothetical input /6xo/. High rank-
ing FAITH] o,y requires /X/ in loanword inputs to be realized faithfully (28a,e). The voiced
prepalatal fricative of native JS /630/ surfaces faithfully (281). (We leave it to the reader to
confirm that hypothetical /6d30/ also maps to [630], violating lower ranking IDENTITY(cont)
in order to satisfy INTENSITY<3w.) ROTB makes a fourth input /6xo/ possible which, like
/630/ and hypothetical /6d30/, lacks a subscript L. IDENTITY(VOi) prevents a change in voic-
ing (280,p), and the markedness constraint against [x] eliminates (28m). In the absence of
a loanword diacritic, the phonology maps input /x/ to output [f] (28n), as already seen in
late-15th century JS (22b).

Faithfulness to the loanword stratum becomes relevant only for stored representa-
tions that individual speakers happen to have already marked as lexical borrowings during
previous language contact experiences with MS. If a given morpheme is lexically indexed
to FAITHL 4y, then input segments belonging to that morpheme will surface faithfully —
even when the native lexicon forbids such segments in specific contexts or altogether. If a
morpheme has no L diacritic, then the optimal realization will be determined by the inter-
action between the relevant markedness and IpEnTITY constraints. From this perspective,
the variation observed within the same speaker and across different speakers and differ-
ent words amounts to variation between alternate representations of a particular lexical
item that are submitted to the grammar for evaluation. For example, the same speaker
of Istanbul JS in (7a) produces both i[3]as and i[x]as within the same sentence, which we
argue reflects variation in the selection between alternate lexical representations /iza +s/
and /ixap+s/ for the meaning ‘daughter’ plus the plural suffix.
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(28) S —
1 O 1
I g,
: g ! =
EIESE I
z ! \ o \é 2 &‘/ 2!
EVE|LIB|EIE| S
1 H 1 H H
Erz| 8 1z z| 8
2 1 LS [ E LS [-S |
= o = fou —_ =l —
= a./6xol/ (6x0)w E * E *
b. (6fo)w *! E E * *
c. (6d30)w v * *
d. (630)(.0 *[% E E "
w e. /xudiol/ (xudio)w E * E
f (jusio)w | *t | .
g (@3ubio)w | 1+ 1 .
h. (3udio)w | *1* Lo :
i. /630/ (6x0)w ro * 0 *
J- (6Jo)w ' *| ! * *
k. (6d30)w ! Lo * %
w | (630)w ! : %
m. /6xo/ (6x0)w ! SR
=N (6Jo)w ! v * %
0. (C')ago)w : *! : * * % *
P- (630)w ! ! O

The simplest explanation why ]S speakers may substitute /x/ in place of //, /a—;%/, or
/3/ in native words but never do so in Hebrew, Turkish, and French loanwords is that, un-
like MS, these three languages do not share with JS the necessary etymological cognates
inherited from Medieval Spanish, in which corresponding velar and prepalatal obstruents
occupy the same relative position in the segmental string. Given the Turkish word [ad3ém]
Acem ‘Persian’, ]S speakers would have no reason to posit /axémy / as a loanword represen-
tation because no such etymological cognate exists in MS (cf. persa ‘Persian’). However,
/6x01/ is a possible loanword representation because MS /6x0/ has the same etymological
source as JS /630/ (1f), in which /3/ corresponds to /x/. On the other hand, /kéxi/, /kixer/,
/moéxkay,/, and /séx;/ are not viable loanword representations because such etymological
cognates with /x/ do not exist in MS (cf. casi “almost’, quise ‘I wanted’, mosca ‘fly’, seis ‘six’).
This account resonates with previous descriptions by Nemer (1981), Gilmer (1986), and
Romero (2013, 2016), thereby reinforcing the claim that accommodation to MS /x/ is the
result of lexical borrowing. That is, some ]S speakers store representations of entire MS
words, some of which happen to have /x/ where syllable-initial /f/, /(E/, or /3/ appears in
the JS cognate. If instead the process involved a simple replacement of phonemes with-
out regard to lexical class, then the absence of unattested forms such as *[axém], *[kéxi],
*[méxkal], etc., would be harder to explain.

5.2. An Exemplar-Based Model of Variable Lexical Accommodation

Using corpus data from present-day Sephardic communities in Turkey, Spiegel (2020)
shows that variable accommodation to MS /x/ is not uniform across all speakers nor across
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the entire lexicon. Individual participants produce velar and prepalatal variants of dif-
ferent words at different frequency rates. While the core-periphery model in Section 5.1
allows for qualitatively different lexical representations, it makes no specific quantitative
predictions about their surface variation, besides pure optionality. For example, a binary
choice between /iza+s/ and /ixaj+s/ predicts an equal probability of either input surfac-
ing faithfully. Unfortunately, this theoretical 50/50 split is not borne out in Table 2, as token
frequency varies considerably across different words.

How might the core-periphery model incorporate such variability? A large body of
research in the OT literature over the past three decades seeks to model variation in terms
of differences in constraint ranking. An early proposal is to leave the constraint hierar-
chy only partially ordered and to have the grammar randomly chose one of the possible
total orderings at a given evaluation time, resulting in variable outputs across multiple
evaluations (Kiparsky [1993] 1994; Reynolds 1994; Anttila 1997). Another approach is
Stochastic OT (Boersma 1997, 1998; Boersma and Hayes 2001), in which constraints are
ranked along a numerical scale, and rankings are randomly increased or decreased by a
‘noise’” value at evaluation time. Constraints that are closer together on the scale will be
more likely to vary in their stochastic ranking, thereby favoring different outputs. On the
other hand, constraints are not ranked at all in Harmonic Grammar (Smolensky and Leg-
endre 2006). Rather, the grammar calculates a numerical harmony score for each output
candidate based on the sum of weighted constraint violation scores and chooses the most
harmonic candidate as optimal. In Noisy Harmonic Grammar (Coetzee and Pater 2011;
Boersma and Pater 2016), a random noise value, as in Stochastic OT, is added to each con-
straint weight, causing output candidates to vary in relative harmony across multiple eval-
uations. An alternative approach that combines random noise and weighted constraints is
Maximum Entropy grammar (Johnson 2002; Goldwater and Johnson 2003; Hayes and Wil-
son 2008; Moore-Cantwell and Pater 2016), which defines a probability distribution over
the set of output candidates from which optimal candidates are sampled.

The main drawback of a solely grammatical account of variation is that it predicts
identical frequency rates across the entire lexicon, leaving no room for word-specific ef-
fects. Working within the Noisy Harmonic Grammar framework, Coetzee and Pater (2011,
pp. 431-32) show how constraint indexation allows individual words in the lexicon to af-
fect variable phonological processes. The researchers use English coronal stop deletion
(e.g., jus’ <just, an’ < and) to illustrate their approach, in which different instantiations of
faithfulness constraints are indexed to individual words in the lexicon. For those words
whose final /t/ or /d/ delete less frequently, a higher weight is assigned to the MaximaL-
ITY constraints that prohibit deletion in various contexts. Conversely, words with higher
deletion rates have a lower weighting of their indexed faithfulness constraints. In a related
approach to Dutch voicing alternations, Moore-Cantwell and Pater (2016) index marked-
ness constraints to individual lexical items within a Maximum Entropy grammar.

A potential drawback of both approaches using lexical indexation is constraint prolif-
eration. As Fruehwald (2022) points out, proponents of lexically indexed constraints “do
not suggest an upper limit on how many may be included in any given grammar. In prin-
ciple, this means speakers could be tracking as many unique (and independent!) probabil-
ities as there are items in their lexicons” (p. 7). Word-specific constraint indexation seems
to us to be an unnecessary duplication of information that is ultimately lexical in nature
and could be better encoded in the lexicon. An advantage of the core-periphery model in
Figure 3 is its greater restrictiveness, as lexical indexation is limited to a single, general
faithfulness constraint on feature mappings within loanwords.

To capture the speaker- and word-specific variability of accommodation to MS /x/, we
adopt a usage-based representation of the mental lexicon (Bybee 2001, 2002, 2006; Docherty
and Foulkes 2014; Hinskens et al. 2014), as formalized in Exemplar Theory (Johnson 1997;
Pierrehumbert 2002, 2016; Wedel 2006, 2012; Frisch 2018). For our purposes, it is sufficient
to assume an exemplar-based model in which word-sized tokens of linguistic experience
are categorized by the individual JS user during the act of listening to the pronunciation of
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other speakers and to one’s own pronunciation. Traces of previously categorized word to-
kens are stored within constantly updated exemplar clouds in the JS user’s mental lexicon.
These traces contain

1.  gradient phonetic detail along multiple continuous dimensions, both segmental and
suprasegmental,

2. abstractinformation about phonological categories, i.e., distinctive features, segments,
and prosodic constituents, and

3. social-indexical information, i.e., extra-linguistic details about different speakers, di-
alects, and social contexts.

The L diacritic used in the core-periphery model can be considered an abstract phono-
logical property that allows Farthy o,y to block processes such as fortition, spirantization,
and place changes, as well as a social-indexical property that indicates the loanword’s as-
sociation with MS interlocutors and speech communities. Because they decay over time,
traces are stronger for exemplars whose word tokens are encountered more frequently and
more recently in language use. Exemplar clouds with decaying memory traces make it
possible to represent and track word-specific frequencies across the lexicons of individual
language users.

Figure 4 presents schematic representations of hypothesized exemplar clouds in the
lexicons of three Turkish JS speakers from the COJUT XXI in Table 2. Each lexeme consists
of exemplar traces of tokens that the speaker has already categorized into two ‘subclouds’
during previous language use. Each subcloud is labeled with a different segmental string,
one of which includes an L diacritic indicating loanword status. The partial overlap be-
tween subclouds within a given lexeme indicates that both sets of exemplars share the
same meaning, denoted here by English glosses. We represent the strength of exemplar
traces as a difference in cloud size. Given the constant decay of memory traces, exemplar
clouds naturally tend to become smaller over time. As a language user encounters and
categorizes tokens more frequently and more recently, exemplar clouds become larger, re-
flecting the greater strength of the memory traces they contain.

‘daughter’ ‘wife’ ‘down’ ‘I said’

SAS

G

Speaker A (Izmir) Speaker H (Istanbul)

‘Jewish’

i

Speaker L (Izmir)

Figure 4. Hypothesized exemplar representations in Turkish ]S, based on token frequency counts of
three speakers from the COJUT XXI.
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In generative phonology, the underlying representation typically includes only the
contrastive, unpredictable properties of a morpheme, abstracting away from phonetically
gradient detail, social-indexical information about individual speakers and extra-linguistic
contexts, and word-specific frequency information based on previous linguistic experience.
By contrast, the exemplar representations in Figure 4 include not only abstract phonolog-
ical information but also word-specific phonetic detail, social-indexical information, and
usage-based frequency statistics, denoted here by relative differences in cloud size. Now,
what is the nature of the interface between such an exemplar-based lexicon and the phono-
logical grammar motivated in Section 4? An innovative proposal by van de Weijer (2012,
2014, 2019) is that exemplar representations should be merged with constraint-based eval-
uation in an OT grammar. He argues that “the candidates are the stored tokens in the ex-
emplar cloud, one of which is selected for production on the basis of the constraints of the
language” (van de Weijer 2014, p. 73). Sloos (2013) pursues a similar hybrid framework in
which exemplars and prototypes (defined as abstractions across exemplar categories) are
submitted to an OT grammar for constraint-based optimization. Even before these later
proposals to merge exemplars and OT, Pierrehumbert (2002, p. 115) had already argued
that speech production involves the random selection of an exemplar from a cloud repre-
sented by a given label.

In the present analysis of JS, we assume that a single exemplar is randomly chosen
from a lexeme’s total cloud space and fed as input to the phonological grammar in (28) at
evaluation time. Exemplars belonging to larger subclouds in Figure 4 will have a greater
probability of being selected and optimized in speech production. For example, the lexeme
for ‘daughter’ in Speaker A’s lexicon has a subcloud labeled /i3a/ that is larger than the
associated subcloud labeled /ixar/. The random selection of an exemplar within the total
space defined by these two subclouds will be more likely to yield /i3a/ as an input to the
grammar. Conversely, random selection for the lexeme ‘wife’ will be more likely to yield
/muxéry/, which has a larger subcloud than /mu3zér/. Differences in selection probability
in turn give rise to the word-specific token frequencies shown in Table 2. Speaker A pro-
duces [i3al/[i3as] at a rate of 57% vs. [ixa]/[ixas] at 21% but at the same time produces
[muxér]/[muxéres] at 69% vs. [muzér]/[muzéres] at 31%. A comparison with the token
frequency data from Speakers H and L suggests that cloud size can vary across different
lexemes and lexicons, depending on the individual speaker’s previous language experi-
ence. For native JS words that never show accommodation to MS /x/, the speaker would
have just a single exemplar cloud labeled with a segmental string containing a prepalatal
obstruent but no L diacritic.

In the hybrid theoretical approach that we endorse, FAITH o,y regulates faithfulness
to exemplars whose subcloud label includes an L diacritic, whereas exemplars whose la-
bel includes no such diacritic fall under the purview of IDENTITY constraints. A ranking of
markedness constraints in between the two types of faithfulness predicts that loanwords
will pattern differently from native lexical items. Such a model is consistent with Pierre-
humbert’s (2016) claim that phonological knowledge necessarily combines both exemplar
and symbolic representations. The main advantage of a hybrid approach is that it allows
for the usage-based histories of individual words to interact with general articulatory and
perceptual factors, as formalized in a constraint-based OT grammar (28).

Our appeal to an exemplar-based lexicon is also consistent with previous studies of
cognate effects in the production of voice onset time (VOT) in stop consonants by Spanish-
English bilinguals (Amengual 2012) and in the production and perception of the Catalan
back mid-vowel contrast by Spanish-Catalan bilinguals (Amengual 2016). Amengual ar-
gues that exemplar clouds for cognate words are partially overlapping within the percep-
tual space of the bilingual mental lexicon, which makes cross-linguistic phonetic influence
more likely for cognates than for non-cognate words. He also assumes that speech produc-
tion involves taking the average phonetic value over a randomly selected cluster of nearby
exemplars. By contrast, our hybrid model randomly selects a single exemplar from a lex-
eme’s total cloud space to serve as input to the phonological grammar.
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A reviewer asks if there is any evidence for nativization of loanwords over time, that
is, perhaps, loss of feeling that a given word is foreign/borrowed. In applying this em-
pirical question to the JS data, we were guided by a specific prediction of our theoretical
model. As explained in Section 5.1, an input such as /6x01,/ maps faithfully to the output
(28a), but removing the L diacritic from the same string gives a different result: the low
ranking of IpenTiTY(Place) favors the mapping of /6xo/ to [6fo] (28n), in which the voice-
less fricative changes from velar to prepalatal. Nativization by loss of lexical indexation to
FAITHL 4y SUggests a possible account of the historically innovative devoicing of /3/ in (9),
as documented by Kirschen (2019) in recordings of a South Floridian JS heritage speaker.
Assuming that the individual in question had initially posited /6x0./, /oréxay/, /6xayL/,
/6xor/, /vjéxor/, etc., based on the corresponding MS etymological cognates, removing
the L diacritic would have allowed the phonological grammar to treat such inputs as if
they belonged to the native core lexicon. All instances of /x/ would have been systemati-
cally repaired as [{]. On this view, the relevant synchronic mapping involves not devoicing
but palatalization.

Figure 5 gives three hypothetical stages in the development of such a lexicon, using
the lexeme ‘son’ as an illustration. Removal of the L diacritic at stage (b) increases the
probability of the grammar optimizing the output [{fo] instead of [i30] —the latter of which
is also disfavored on acoustic, aerodynamic, and perceptual grounds (see Rost Bagudanch
2022). Stage (c) represents the logical endpoint of change, at which the heritage speaker
in question has settled upon a single cloud containing only exemplars with a voiceless
prepalatal, thereby giving rise to the new segmental label /ifo/.

A

> [ifo]

(a) (b) (©)

Figure 5. Hypothesized pathway of change in a South Floridian JS idiolect for the lexeme “son’ (a),
involving the removal of the L diacritic from the label of the loanword exemplar subcloud (b) and
the eventual relabeling of a single exemplar cloud (c).

Nativization is also observed in the variable adaptation of Turkish closed back un-
rounded /ui/ as either closed front unrounded /i/ or closed back rounded /u/, both of
which exist in the native ]S lexicon (see note 2). We suggest that (i) a markedness con-
straint against back unrounded vowels outranks faithfulness to vowel place features and
faithfulness to the feature [round] but (ii) these two faithfulness constraints are unranked
with respect to each other. Higher ranking FartHy o,y Will map input /wy/ faithfully to the
output within loanwords. In morphemes lacking an L diacritic, input /u/ and /i/ will sur-
face faithfully, but input /w/ will be nativized as either [u] ([—round] — [+round]) or [i]
(por — cor). Language use over time will give rise to different-sized subclouds of stored
exemplars, in turn leading to speaker- and word-specific variation in the usage frequencies
of different lexical forms. We must leave it to future research to develop a fuller account
of such variability in vowel adaptation.

6. Conclusions

This paper was motivated by a deceptively simple question: do [d3] and [3]in ]S count
as one phoneme or two?'? According to the structuralist accounts reviewed in Section 2,
the influx of Turkish and French loanwords during the Sephardic diaspora brought about a
phonemic split between the two consonants, which were previously allophones of a single
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phoneme in Medieval Spanish. In the latest round of language contact, some members of
late-20th and early-21st century Sephardic communities borrow entire MS words, some of
which happen to have /x/ where the JS etymological cognate has syllable-initial /{/, /d3/, or
/3/. In this paper, we have revisited structuralist descriptions of Medieval Spanish and JS
through the lens of a theoretical framework that combines OT constraint interaction with
an exemplar-based lexicon.

Section 3 offered a novel phonological analysis of the distribution of voiced prepalatal
obstruents in Medieval Spanish and late-15th century JS. Adopting Lozano’s (2021) imple-
mentation of Katz’s (2016) approach to fortition and continuity lenition in OT, we iden-
tified a constraint ranking that generates the allophonic distribution of voiced prepalatal
obstruents while obviating the need to choose either of the alternating consonants as un-
derlying. Our analysis contributes to a growing body of work in phonological theory seek-
ing to flip the conventional narrative that consonant lenition is primarily a speaker-based
phenomenon (Keating 2006; Kingston 2008; Katz 2016; Katz and Fricke 2018; Bros et al.
2021; Katz and Moore 2021; Lozano 2021). The spirantization of voiced stops in Spanish
has commonly been analyzed in terms of articulatory factors within the speaker’s gram-
mar, such as effort reduction or continuancy assimilation (see, e.g., Kirchner 1998, 2001;
Pineros 2002; Gonzalez 2006; Colina 2016, 2020; Martinez-Gil 2020). On the other hand,
continuity lenition highlights the perceptual basis of domain-medial spirantization, which
helps listeners detect domain boundaries in running speech. Even though spirantization
is primarily motivated by the needs of the listener, a full account of postnasal hardening
in domain-medial contexts still requires a markedness constraint to enforce [continuancy]
agreement between adjacent consonants in the articulatory output of the speaker, as in
Medieval Spanish (17) and in contemporary Istanbul JS (24d).

Section 4 brought forth new insights about the relationship between the lexicon and
the grammar in a constraint-based model of JS phonology, motivated by the effects of lex-
ical borrowing from Turkish and French. In OT, there is no ‘phonemic inventory’, and
‘phonemic contrast’ is an epiphenomenon of the interaction between markedness and faith-
fulness constraints that determine how potential segmental contrasts in the input are map-
ped to the output. The distinction between FartHy o,y and IDENTITY constraints predicts
that the distribution of [d3] and [3] in JS can be contrastive in the peripheral loanword
stratum but at the same time complementary in the native core lexicon. A re-ranking of
InTENSITY<3wW above INTENSITY <3U accounts for the innovative narrowing of the domain
of spirantization, which went from the entire Utterance in Medieval Spanish (14), (15), (17),
and (18) down to just the Prosodic Word in Istanbul JS (23) and (28).

Finally, Section 5 pursued a novel approach to lexical variability, inspired by the pro-
posals of van de Weijer (2012, 2014, 2019) and Sloos (2013) to combine an exemplar-based
lexicon with an OT grammar. As hypothesized in Figure 4, individual members of present-
day Sephardic communities are able to track different usage frequencies of etymological
cognate forms, based on previous language contact experiences with MS. The most fre-
quently and most recently encountered exemplars have a greater probability of being ran-
domly selected as input to the JS constraint ranking (28) during speech production. Lan-
guage use over time determines the composition and the size of exemplar subclouds across
lexemes and lexicons, which in turn accounts for the intra- and inter-speaker variation in
lexical accommodation to MS /x/ reported in Table 2. Evidence for nativization of loan-
word representations comes from /3/-devoicing in a South Floridian heritage JS idiolect
(Kirschen 2019), which we reanalyze as palatalization of input /x/ in morphemes that have
lost their lexical indexation to FAITH] .y, as illustrated in Figure 5. Future research should
apply the exemplar-based core-periphery model of the JS lexicon to account for other pat-
terns resulting from language contact, such as the variable nativization of Turkish /uw/ (see
note 2) and the phonemic split between stop and continuant allophones of the JS voiced
dental and velar obstruents (see note 3). As compared to structuralist descriptions based
on phonemic theory, a hybrid model combining exemplar representations with output op-
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timization provides a more nuanced understanding of the relationship between lexicon
and grammar in the phonology of JS.
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Notes

1

6

As Hualde (2013, p. 252) highlights, the devoicing of Medieval Spanish /d3~3/ resulted in a merger not with the voiceless
affricate /tf/ but with the fricatve /f/. Rost Bagudanch’s experimental findings provide a phonetic explanation for this sound
change. Acoustic analysis of sibilant duration in Eastern Catalan reveals that [d3] (117.9 ms, sd = 24.78) is closer to [] (110.74 ms,
sd = 17.37) than to [tf] (147.98 ms, sd = 21.99), which may explain why [d3] would have been more likely to be misperceived as
a voiceless fricative than as a voiceless affricate (see Rost Bagudanch 2022, p. 19). A different outcome did emerge, however,
in Medieval Aragonese, in which /d3~3/ devoiced to an affricate /tf/ word-initially but to a fricative /f/ word-medially between
vowels, as can be observed in present-day Cheso Aragonese, e.g., chen /tfén/ ‘people’ (< Latin GenTIS) vs. maxada /mafada/
‘shepherds’ cabin’ (< Latin MacuLaTA) (see Hualde 2013, pp. 252-54 for further discussion).

In Istanbul JS loanwords, Turkish closed back unrounded /wi/ <i> shows further variation between full transfer, e.g., [d?émlmk]
< camlik, [d3anwm] < canim (2a), [d3amd3] < camct (2b), and adaptation to the JS closed front unrounded /i/, e.g., [end3idar]
< acitmak, [jiland3zik] < yilancik (2b), or to the JS closed back rounded /u/, e.g., [buldurd3umikos] < bildircin. For more on the
adaptation of Turkish /wi/ by JS speakers in Istanbul and Izmir, see Spiegel (2020, pp. 177-80).

Loanwords have also been argued to introduce phonemic splits between stop and continuant allophones of the JS voiced dental
and velar obstruents, i.e., /d/ vs. /0/ and /g/ vs. /y/ (Bunis 2008, pp. 187, 192; Hualde and Saul 2011, pp. 95-97; Hualde 2013,
pp- 255-58). In the present article, we limit our focus to the prepalatals, but see Lozano’s (2021, pp. 185-88) analysis of the
spirantization of JS voiced dental stops, which is based on the same theoretical approach that we adopt in Sections 3 and 4.

Varol Bornes (2008, p. 113) notes that in Istanbul JS, many such verbs vary between a simple form and a form with prothetic /a—/,
which can be used in conjunction with infinitival suffixes to derive verbs from nouns or adjectives. Morphological productivity
suggests that pairs of words such as those in (6) are transparently related by Istanbul JS speakers. Thanks to a reviewer for
discussion on this point.

In the JS of Monastir (present-day Bitola, Macedonia), close-mid /e/ and /o/ were raised to closed /i/ and /u/ in unstressed
syllables, which can be attributed to the influence of Old Portuguese (Quintana Rodriguez 2006, pp. 40-57).

As Sala (1971, p. 144) observes, the syllable-initial <s> of MS words such as casi, quise, and visitar corresponds to /3/ in the JS
cognate forms, e.g., [ka3i], [kize], and [méfka]. Similar variation is found between voiceless apicoalveolar /s/ and prepalatal /f/,
e.g., Medieval Spanish [fabén] < Latin sapoNEm (1b). Such changes likely arose from listener misperception.

Five years on, Katz (2021) argues against an analysis of continuity lenition in terms of a change in phonological features, such
as [continuant] or [voice]. Using evidence from lenition in Campidanese Sardinian, he proposes a phonetic implementation
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model based on gradient changes in duration associated with prosodic structure. In the present article, we adopt the earlier,
phonological approach of Katz (2016) because it allows us to formalize grammatical interactions between spirantization, fortition,
and different faithfulness constraints in a core-periphery model of the JS lexicon.

On the other hand, an OT account of loss lenition does not require weakening and strengthening processes to be formally con-
flated into a single constraint. For further discussion of this difference, including a formal proof, see Katz (2016, pp. 53-55) and
Lozano (2021, pp. 117-39.)

Earlier proposals in the literature include a Clitic Group between the ¢ and w domains. Ito and Mester (2007, 2009a) argue
instead that recursion of prosodic constituents is possible and that any proclitics or unstressed function words, such as definite
articles, prepositions, conjunctions, etc., are recursively adjoined to a following w. In Section 4, we will make use of the recursive
prosodic word in an analysis of word-initial fortition in Istanbul JS.

A reviewer notes that Table 3 looks somewhat like a sonority scale and that Figure 2 harkens to sonority dispersion. How-
ever, Kirchner (1998) and Szigetvari (2008) argue that lenition and sonority phenomena do not involve the same scales. For
example, nasal consonants participate in sonority phenomena, even though lenition alternations never involve nasalization. For
arguments against conflating the concept of ‘sonorous’” with ‘lenis’, see Katz (2016, pp. 48—49).

i Since AGreE(cont) (16) targets only postconsonantal voiced obstruents, the constraint is not violated by output candidates with
a nasal stop followed by a voiceless obstruent, e.g., the [nt] cluster of [d3énte], nor by candidates with a voiced obstruent after a
glide or vowel.

12 We are indebted to Bryan Kirschen (personal communication) for having posed this question to the first author in 2013.
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