DE GRUYTER Phonetica 2023; 80(1-2): 43-78

Silke Hamann and Francesc Torres-Tamarit*

Merger in Eivissan Catalan: an acoustic
analysis of the vowel systems of young
native speakers

https://doi.org/10.1515/phon-2022-0037
Received October 18, 2022; accepted May 5, 2023; published online June 16, 2023

Abstract: The vowel system of Catalan has been the focus of many studies, though
work on the varieties spoken on the island of Eivissa (Ibiza) are scarce, with a single
mention of the possible merger of the mid back vowels /o, 9/ (Torres Torres, Maria.
1983. Aspectes del vocalisme tonic eivissenc. Eivissa 14. 22-23). The present article
provides the first acoustic analysis of the vowel inventory of 25 young native
speakers of Eivissan Catalan, with a focus on the realisations of stressed /s, €/, and
the back mid vowels /o, /. We employed Pillai scores (Hay, Jennifer, Paul Warren &
Katie Drager. 2006. Factors influencing speech perception in the context of a
merger-in-progress. Journal of Phonetics 34. 458-484) to compare the possibly
merged pairs /3, €/ and /o, 9/ to the fully-contrasting neighbouring pairs /e, ¢/ and
/o, u/. Our results show that all participants had considerable overlap of stressed /a/
and /¢/, and all but one had considerable overlap of the back mid vowels, while the
fully contrastive pairs (/e, ¢/ and /o, u/) showed almost no overlap.

Keywords: Catalan; Eivissan Catalan; mid vowel; stressed schwa; vowel merger;
young native speakers

1 Introduction

Eivissan Catalan, spoken on the Mediterranean island of Eivissa (i.e., Ibiza), is a
subvariety of Balearic Catalan, which belongs to the Eastern group of Catalan
dialects, all part of the family of Western Romance languages. As in many other
varieties of Balearic Catalan, Eivissan Catalan is largely characterised by allowing
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eight vowels in stressed position, including stressed schwa: /i, e, €, 9, a, 9, 0, u/. To our
knowledge, there are no instrumental studies of the vowel system of Eivissan
Catalan. However, basing himself on impressionistic observations, Torres Torres
(1983) reported a lack of contrast in both perception and production between /o/ and
/o/ among young native speakers living in the island’s capital city, also called Eivissa,
and the island’s second largest town, Santa Eularia. Following up that report, we
recently impressionistically observed among young Eivissans not only the same lack
of contrast between /o/ and /2/, but also a merger of stressed schwa /a/ and /¢/. In order
to systematically study and document what we surmised to be a sound change in the
language, we carried out a production experiment involving young native speakers
of Catalan from the island’s capital.! It is the results of that experiment that we report
and analyse here.

This paper is organised as follows. Section 2 provides a general background on
the existing vowel systems in Catalan, the types of vowel changes that occurred and
are still occurring in Catalan and their motivations, and then focusses on the vowel
system of Eivissan and the sociolinguistic situation on the island of Eivissa. Section 3
describes the methods employed in the study, and Section 4 presents the results.
Section 5 reflects on the phonetic outcome of the merger, its possible motivations,
and concludes the paper with possible directions for future work.

2 Background
2.1 Vowel systems in Catalan

Catalan, with about four million native speakers and five million L2 speakers
(CRUSCAT - IEC 2015), is divided into two main dialect groups, Eastern and Western
Catalan. Eastern Catalan comprises Northern or Rossellonés Catalan (spoken in
France), Central Catalan, Balearic Catalan and Alguerese (spoken in the city of
Alghero on the island of Sardinia, Italy). Western Catalan comprises Northwestern
Catalan (including Andorran) and Valencian (see Figure 1).

One of the main phonological features distinguishing Western Catalan from
Eastern Catalan is the number of vowel categories it allows in unstressed position.

1 As pointed out to us by Miquel Simonet, the degree to which these vowel mergers are ongoing or
accomplished changes, or whether they belong to an age-conditioned linguistic variety, is unknown
at this point. Our study does not present longitudinal or age-graded data. A sociolinguistically more
informed study of the production of Eivissan vowels, including different age groups, is left for future
research.
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Figure 1: Map of the main Catalan dialect areas (based on https://commons.wikimedia.org/wiki/
File:Dialectes_del_catal%C3%A0.svg#file).

Whereas Western Catalan is characterised by the five-vowel system [i, e, a, o, ul,
Eastern Catalan is characterised by a three-vowel system including schwa: [i, s, ul?
(Badia i Margarit 1981; Batlle et al. 2016; Bonet and Lloret 1998; Mascard 1978; Prieto
2004; Recasens 1991; Recasens 1993; Recasens 2017; Recasens 2019; Recasens 2022;
Recasens 2023; Veny and Massanell i Messalles 2015; Wheeler 2005).

In stressed position, all major dialects of Catalan are characterised by a seven-
vowel system, /i, e, €, a, 9, 0, u/, which includes a contrast between close and open-mid
vowels. In Balearic Catalan, however, two major stressed vowel systems co-exist. The
majority system has eight contrastive vowels, including stressed schwa: /i, e, €, 9, a, 9,
0, u/. In this system, minimal pairs between open-mid front /¢/ and stressed schwa /a/

2 Alguerese Catalan has unstressed [a] instead of [2] (Bosch 2002; Scala 2003). In some loan and learnt
words (e.g., [eBe'rest] ‘Everest’, [0'Bama] ‘Obama’), the close-mid vowels [e, o] are allowed in un-
stressed position in Eastern Catalan (Cabré 2009).
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canbe found, as exemplified in (1a). Likewise, minimal pairs between close-mid front
[e] and stressed schwa are also attested, as exemplified in (1b).

@ Minimal pairs involving stressed /¢/, /e/ and /o/ in Balearic Catalan

(@ [dew] ‘ten’ [dow] ‘(s)he owes’
['set] ‘seven’ ['sat] ‘thirst’
['sek] 1 sit’ [sek]  “dry’
[sera]  ‘mountain chain’ [sera] ‘bristle’

(b) ['sek] ‘blind’ [sak]  ‘“dry’
[dew] ‘God’ [dow] ‘(s)he owes’
[net] ‘grandson’ [nat] ‘clean’
[pera]  ‘Peter’ [pora] ‘pear’
[res(k)] ‘I pray’ [ras]  ‘nothing’

Within Majorcan Catalan, there is a subdialect spoken in the town of Felanitx that has
neutralised the front mid vowel pair /e, ¢/ in favour of an intermediate category
which is closer to /e/ than to /¢/, transcribed as /E/ by Recasens and Espinosa (2009:
252). Being a Majorcan variety, the Felanitx subdialect maintains stressed schwa and
the opposition between /o/ and /o/, so it displays a seven-vowel system in stressed
position, but one which includes stressed schwa: /i, E, 9, a, 9, 0, u/.

In Eastern Catalan, we find two other subdialects that have also undergone
diachronic neutralisation processes affecting vowels: Girona Catalan and Sitges
Catalan. In Girona Catalan, the back mid vowel pair /o, 9/ has neutralised in favour of
an intermediate category /O/, closer to /o/ than to /o/ (Recasens and Espinosa 2009:
252). Given that continental Eastern Catalan lacks stressed schwa, Girona Catalan has
a system of six stressed vowels: /i, e, €, a, O, u/. In this six-vowel system the outcome of
the neutralisation process lies closer to the close mid vowels than to the open mid
vowels of the corresponding major dialect without the merger, according to Recasens
and Espinosa (2009: 252). Finally, in Sitges Catalan, analogous to Northern Catalan,
both the mid vowel pairs /e, ¢/ and /o, o/ have neutralised to /E/ and /O/, respectively. In
both Northern and Sitges Catalan, systems with five vowels, the merged category lies
closer to the open-mid vowels of the corresponding majority dialect, as opposed to
the result of the merger in Girona Catalan (Recasens and Espinosa 2009: 252). These
different outcomes are the result of different neutralization strategies: either
approximation of one vowel to another, or mutual approximation.

A summary of all stressed vowel systems identified for Catalan in the literature is
given in Table 1 (from Recasens and Espinosa 2009: 240-241).

The inventories of stressed vowels in Catalan thus differ in the following aspects:
presence versus absence of a stressed schwa (present in Balearic Catalan), the loss of
a front mid vowel contrast (present in Balearic, Western, Eastern and Girona
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Table 1: Stressed vowel inventories in Catalan (Recasens and Espinosa 2009: 240-241). E = merged
category of /e/ and /¢/; O = merged category of /o/ and /3/.

Balearic Catalan 8 vowels /i, e € 9,a,0,),u/
Western and Eastern Catalan, and the Balearic 7 vowels /i, e, € a,0,2,u/
subdialects of Western Eivissan and Eastern Minorcan

Felanitx Majorcan Catalan 7 vowels /i, E, 9, a,0,)u/
Girona Catalan 6 vowels /i,e, g a, 0, u/
Northern and Sitges Catalan 5 vowels /i,E a,0,u/

Catalan), and the loss of a back mid vowel contrast (absent in Girona, Northern, and
Sitges Catalan). In the following subsections, we look at explanations proposed in the
literature on the possible causes for these differences/changes.

2.2 Symmetry as cause of change

In order to explain the mergers of mid vowel contrasts in Catalan, Recasens and
Espinosa (2009) reflect on the role of symmetry in shaping vowel spaces (see also
Veny 1983: 59 for Catalan). It has been shown that symmetry plays a crucial role in
vowel distribution in vowel spaces (Boersma 1998: 347-350) and that symmetry is
especially relevant along the F1 dimension (Lindblom 1986). A change to restore
symmetry is what happened historically in Northern Catalan and Sitges Catalan, for
example, in which the pair /e, ¢/ neutralised after /o, o/ merged, giving rise to a
symmetrical five-vowel system (Recasens and Espinosa 2009: 256). The same process
is currently underway in Felanitx Catalan, where the merger between /e/ and /¢/ is
already complete and the vowels /o/ and /o/ are undergoing mutual approximation
(Recasens and Espinosa 2009: 256-257).

In asymmetrical six vowel inventories, a distinction is made between optimal
and non-optimal systems, and the two differ in their likelihood of undergoing a
(further) change to restore a symmetrical inventory. Non-optimal systems are those
with more back vowels than front vowels; and those tend to also merge the back
vowels at a later stage. Felanitx Catalan corresponds to such a non-optimal, asym-
metrical vowel system with more contrasts in the front region than in the back
region. In Felanitx, /o/ and /2/ seem to undergo mutual approximation (Recasens and
Espinosa 2009: 257). Optimal asymmetric systems, on the other hand, have more
contrasts in the front than in the back region, and are more stable than non-optimal
ones (Schwartz et al. 1997a, 1997h), i.e. are less likely to undergo a merger of the front
vowels. An example for such an optimal asymmetric system is Girona Catalan: Here,
/e/ and /¢/ are not showing any kind of approximation, according to Recasens and
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Espinosa (2009: 257), who also point out that future investigations are needed to
corroborate these tendencies.

2.3 Contact-induced mid vowel mergers in Spain

Another factor that might cause mid vowels to merge is contact with languages that
don’t have such mid-vowel contrasts. This is the case for Catalan, where the contact
language Spanish only has closed mid vowels /e, o/ in its inventory. Work by Bosch
and Sebastidn-Gallés (2003) on Spanish-Catalan bilingual children showed that at the
age of 12 months only the Catalan-dominant group could distinguish the two cate-
gories. The same result was obtained for adults in Pallier et al. (2001) and Sebastidn-
Gallés and Bosch (2003), in which Spanish-dominant bilinguals did not perceive the
two categories differently in lexical decision tasks using words and nonwords (see
also previous references cited therein). Cortés et al. (2019) and Lled et al. (2020)
provided the first socially-stratified acoustic analysis of the /e/-/¢/ contrast in Bar-
celona Catalan. Their results showed that only the children from the neighbourhood
with the strongest presence of Spanish have an advanced merger between /e/ and /¢/,
and that the main predictor of merger or maintenance of the contrast was the
language used with the peer group and relatives.

There is also an important battery of work on the perception, lexical processing
and production of Catalan mid vowels in a situation of language contact and bilin-
gualism on Majorca by Amengual and Simonet. Simonet (2011) analysed the back
series /o, 9/ in Majorcan Catalan and found that Spanish-dominant bilinguals merged
the two vowels in favour of [o]. Amengual (2016a) analysed both the front and back
series and, as opposed to Simonet (2011), found that both Spanish-dominant and
Catalan-dominant bilinguals kept the distinction between the two pairs of close and
open mid vowels. However, he found that language dominance conditioned the
acoustic distance between the two classes of vowels, being shorter in Spanish-
dominant bilinguals. Amengual (2016b) further showed that cognate effects deter-
mine the production of mid vowels in Majorcan Catalan, in the sense that open mid
vowels are less open if they have a cognate form in Spanish. Furthermore, Amengual
(2016c) showed that proficiency in perceptual identification and discrimination tasks
does not guarantee accurate phonological representations at the lexical level, as
shown by lexical decision tasks between words and nonwords. In a later study,
Amengual and Simonet (2020) investigated potential language dominance effects in
the production of the alternation between stressed [a] and unstressed [3] in Majorcan
Catalan due to vowel reduction, a process that does not exist in Spanish. Unexpect-
edly, they found no differences in production between Spanish-dominant and
Catalan-dominant bilinguals. This could be due to the fact that vowel reduction is a
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regular phonological process, not an idiosyncratic phonological property of mor-
phemes. Simonet and Amengual (2020) also investigated the effects of language
mode, the state of activation of the languages spoken by a bilingual, in the production
of unstressed [2] in Majorcan Catalan. As in the previous study, they found that
unstressed [a] was produced alike among Spanish-dominant and Catalan-dominant
bilinguals. However, the first formant of [8] was higher (i.e., the schwa was realized
as a lower vowel, closer to [a]) in the bilingual experimental condition in which both
Catalan and Spanish were activated. Similarly, Simonet (2014) showed the effects of
language mode in the realization of mid back vowels in Majorcan Catalan by
bilinguals. Both open and close mid vowels in Catalan resembled more the close mid
vowel in Spanish in the bilingual condition in which equal numbers of Catalan and
Spanish words were produced. For a recent, and more detailed overview of studies
on the relationship between bilingualism and Catalan phonology, see Simonet (2019).

Mid vowel contrasts have been shown to merge also in Galician. Amengual and
Chamorro (2015) showed that language dominance predicts whether speakers
possess two separate phonetic categories in the front and back mid vowel space, and
also de la Fuente Iglesias and Pérez Castillejo (2022) observed that language domi-
nance was a predictor of vowel merger, but only in front vowels. Mayr et al. (2019), on
the other hand, found that mid vowel mergers in Galician were widespread in
bilinguals irrespective of age of acquisition or language use.

2.4 The instability of stressed schwa

Stressed schwa, which is typologically uncommon and in Catalan only present in a
small subset of varieties (as shown in Section 2.1), has been claimed to be historically
unstable. According to Recasens (2019, 2023), stressed /a/ in Eastern Catalan emerged
from centralization of vulgar Latin /e/ (Latin I, E) and was brought to the Balearic
Islands (including Eivissa) by Eastern Catalan settlers in the 13th century. This sound
later became /e/ outside of the Balearic Islands (e.g., [ka'dana] > [ka'dena] CATENA
‘chain’, ['para] > [pera] PIRA ‘pear’). The development of vulgar Latin /e/ to stressed /a/
may have been motivated by two factors. The first is a coarticulatory effect, where
consonants could have contributed to the change of stressed /e/ to schwa when
involving tongue body retraction caused by alveolar trills, dark /l/, velars, coda [6]
and lip closing caused by labials, all of which trigger a decrease in F2. A second factor
favouring centralisation of stressed /e/ to schwa could have been the assimilation of
stressed /e/ to an unstressed schwa in the same word (Recasens 2019: 6). This seems
plausible since all Romance varieties with stressed schwa also exhibit unstressed
schwa, but not vice versa (Recasens 2019: 20).
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Atypological study by Recasens (2023) observes that stressed schwa is prone to
be replaced by [a] or [¢]. The change from schwa to [a] has happened e.g. in Serbo-
Croatian, Eastern and Western Macedonian, Central and South Western Slovene
dialects, Ladin dialects from Northern Italy, Turin Piedmontese, Makassar and
Minangkabau; the one to [€] in e.g. Afrikaans, Marebbano and Valsesia (cf. Reca-
sens 2023 for further information and references). And the perception experiment
in the same study showed that Majorcan Catalan stressed schwa is identified as /¢/
or /a/ (depending on the consonantal context) by Eastern Catalan speakers. These
findings seem to support the claim that stressed schwa is somehow unstable. The
most expected outcome of the merger between /¢/ and /3/ seems to be /¢/, a merger
that occurred both in Central Catalan and in western Eivissan Catalan.

However, for urban Eivissan Catalan, the focus of our study, the expected
outcome of the merger between /¢/ and /o/ is not that easy to identify. This has to do
with the fact that schwas in this variety, as will be shown, display non-prototypical
realisations, making them acoustically closer to /¢/. Before diving in these details, we
briefly describe the sociolinguistic situation of Catalan in Eivissa and the vowel
system of Eivissan Catalan in 2.5.

2.5 Sociolinguistics of Eivissan Catalan and the Eivissan vowel
system

Lying about 150 km east of the Iberian Peninsula, the island of Eivissa is relatively
small, with an area of 571.6 km? and a population in 2020 of 159,704 (Instituto
Nacional de Estadistica). Since the 1960s, Eivissa has undergone drastic
demographic changes. At that time, though still under the repressive Franco
dictatorship, Eivissa underwent an economic boom fuelled by international
tourism, which in turn sparked the arrival of large numbers of Spanish-speaking
economic immigrants, mainly from the south of Spain. The number of inhabitants
went from 34,554 in 1960 to 140,964 inhabitants in 2015, an increase of 308 % (Melia
and Vanrell 2017: 37). This pattern was shared by all four islands in the Balearic
archipelago (Majorca, Minorca, Eivissa and Formentera); in 1970 the non-local-
born population represented 18 % of the total, whereas it now represents roughly
40 % (Melia and Vanrell 2017: 38).

Following the death of Franco in 1975 and the transition to democracy in Spain,
the four islands were formally accorded a certain degree of self-government, as one
of Spain’s so-called ‘autonomous communities’. According to the 1983 statute
granting this autonomy, Catalan and Spanish are the two co-official languages of the
community, although only Catalan is given the symbolic status of native language
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(llengua propia in Catalan). Since the Balearic government passed a law in 1986
intended to make Catalan the primary language of use in all official contexts (and to
encourage its use in all informal contexts), Catalan has been taught at all levels of
mandatory education and must be the language of tuition of at least 50 % of the
curriculum in public schools.

The most comprehensive recent attempt to determine current language use in
the Balearic Islands involved the 2014 completion of a questionnaire by some 1,800
local residents (reported in Melia and Vanrell 2017), 400 of them living on Eivissa or
the smaller nearby island of Formentera (83.2 km?, 13,355 inhabitants). In what fol-
lows, we summarise the most relevant results obtained in that research for the
participants from Eivissa and Formentera (the data were not treated separately), and
partly compare them with the results obtained for the Balearic Islands as a whole,
our goal being to offer a very brief overview of self-reported language use.
(For further details, see Melia and Vanrell 2017).

As shown in Table 2, 25.5 % of the participants from Eivissa and Formentera
reported that Catalan was their native language, whereas a majority (58.9 %)
reported Spanish as their native language. When compared with the results for the
Balearic Islands as a whole, Eivissa and Formentera showed the lowest percentage of
native speakers of Catalan. Strikingly, the combined results from Eivissa and For-
mentera also showed 12 % of respondents reporting their native language to be ‘other
languages’, a value that was slightly surpassed by the data from Palma, the biggest
city of the Balearic Islands and the capital city of Majorca. Presumably these
respondents were either long-term expatriates permanently established in the
islands, probably German, French or English speakers, or economic immigrants from
non-European countries such as Morocco.

Table 2: Native languages (Melia and Vanrell 2017: 59).

Eivissa and Formentera Balearic Islands as a whole
Catalan 25.5% 37.9%
Spanish 58.9 % 48.6 %
Catalan and Spanish 3.6% 3.6%
Other languages 12.0% 9.9%

3 The exact phrasing is: “La llengua catalana, propia de les Illes Balears, tindra, juntament amb la
castellana, el caracter d’idioma oficial [The Catalan language, native language of the Balearic Islands,
will have, together with Spanish, the character of official language].” Statute of Autonomy of the
Balearic Islands, 1983 (http://web.parlamentib.es/RecursosWeb/DOCS/EstatutAutonomialB.pdf).
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Table 3: Knowledge of Catalan (Melia and Vanrell 2017: 48).

Understand Catalan Speak Catalan Read Catalan Write Catalan

Eivissa and Formentera 96.0 % 70.6 % 79.7% 56.8 %
Balearic Islands as a whole 96.8 % 80.5% 83.5% 61.9%

Regarding knowledge of Catalan, a robust majority (96 %) of the respondents in
Eivissa and Formentera reported that they understood Catalan, 70.6 % reported that
they knew how to speak it, 79.7 % reported that they knew how to read it, and 56.8 %
reported that they knew how to write it. Nonetheless, these figures are somewhat
lower than those for the Balearic Islands as a whole, as shown in Table 3.

Knowledge of Catalan did not correlate with self-reported language use. Spanish
was the most frequently used language in all social contexts, with over 50 % claiming
to use it in contexts such as ‘notes written for oneself’ or communication with the
local administration, with neighbours and in shops. In terms of contexts where
respondents reported that they used Catalan exclusively, the highest scoring context
(only 18.5 %) was communication with the local administration, whereas the contexts
in which fewest (6 %) respondents said they used only Catalan were shopping con-
texts and communication with friends.

Finally, it is worth noting that self-reported language use did not correlate with
the perception of language use in society overall, as shown in Table 4. Almost exactly
half of the respondents (50.3 %) considered the use of Catalan to be ‘frequent’ or ‘very
frequent’.

Three main points can be highlighted. First, the data show clearly that native
speakers of Catalan are a clear minority in Eivissa and Formentera, representing
only 25.5 % of respondents. Second, self-reported language competence in Catalan
does not translate into self-reported language use, suggesting that much of that
competence involves passive language skills. And third, self-reported language use
does not correlate with perceptions of how widely Catalan is used in Balearic society.
In other words, Catalan is perceived to enjoy much more social vitality than the
percentages of self-reported language use seem to suggest. That said, a full under-
standing of the complex sociolinguistic situation existing in Eivissa requires

Table 4: Perception of the use of Catalan in society overall (Melia and Vanrell 2017: 139).

Very frequent Frequent Infrequent Very infrequent

13.1% 37.2% 23.9% 23.8%
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considerably more research (though see Little 2022 for the first matched-guise test
among high school students in Eivissa), especially qualitative investigations
exploring the relationship between language use and language ideologies (in this
respect, see Vanrell et al. 2023).

With respect to the vowel system, two main dialectal areas can be distinguished
on the island of Eivissa (Torres Torres 1980, 1983). The Catalan spoken along the
western coast has lost the stressed schwa, a diachronic process analogous to what
happened in Central Catalan some centuries ago (Recasens 2017, 2019), cf. Section 2.4.
Western Eivissan Catalan has therefore a seven-vowel system in stressed position, /i,
e, & a, 9, 0, U/, the same system found in Western and Central Catalan. The Catalan
spoken in the rest of the island, including the capital city, retains stressed schwa, thus
displaying an eight-vowel system like Majorcan Catalan. A map of the island of
Eivissa indicating this isogloss is given in Figure 2.

Stressed @

No stressed @ s
Eivissa

Ciutat d'Eivissa

Formentera

Figure 2: Map of Eivissa and Formentera indicating the vowel system isogloss (based on Torres Torres
1983: 23).
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Table 5: Vowel systems in Eivissan Catalan (Torres Torres 1980, 1983; Veny 1977, 1999; Villan-
goémez 1972).

Western Eivissan Catalan 7 vowels /i, e, € a,2,0,u/
Rest of Eivissan Catalan 8 vowels /i, e, € 9,a,2,0,u/
Urban Eivissan Catalan 7 vowels /i, e, € 9,a,0,u/

As mentioned above, Torres Torres (1983) noted that the mid back vowel pair /o,
9/ was neutralised in favour of /o/ in the speech of young native speakers from the
capital city of Eivissa and the town of Santa Eularia. The system described by Torres
Torres (1983), which we refer to as urban Eivissan Catalan, is therefore similar to the
system found in Girona Catalan except for the presence of stressed schwa. We
illustrate in Table 5 the different vowel systems that have been described for Eivissan
Catalan in the literature.

The observations made by Torres Torres (1983) were merely impressionistic and
no acoustic data were provided. This is what we intend to do in the present study,
documenting not only the merger between /o, 9/ mentioned by Torres Torres (1983)
but also a relatively new merger between /s, ¢/, which has recently been observed in
the speech of young native speakers of Catalan from the capital city of Eivissa.

3 Methods
3.1 Speakers

This study is based on the speech of 25 native speakers of Eivissan Catalan, 13 male
and 12 female, all born and raised in the city of Eivissa and aged 15-18 years (mean
16.45) at the time of recording. We limited our sample to individuals who reported
speaking only Eivissan Catalan at home with their parents, and who also sounded
native to the second author of this paper, himself a native speaker of Eivissan
Catalan. In the present study, the term native refers to individuals who were brought
up in a household where Catalan was the primary language spoken by Catalan-
speaking parents, using the local variety of the language. It is worth noting that these
participants are likely to use Spanish in their everyday lives, in school and other
communicative settings. Thus, in the specific context of Eivissa, our definition of
native does not necessarily imply that these speakers are Catalan-dominant
bilinguals, but rather that they acquired Catalan at home. Further exploration of
the language proficiency of these participants may suggest that they are better
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characterized as balanced bhilinguals, assuming such a construct exists, or even
Spanish-dominant bilinguals.*

3.2 Materials and recording

A picture-naming task was administered by means of a PowerPoint slide presenta-
tion, which included 80 images depicting objects or events (ten pictures for each of
the eight stressed vowels characteristic of Balearic Catalan: /i, e, €, 9, a, 9, 0, Uu/; see
Appendix A). Ten of those words contained a final unstressed schwa, and eight words
included a pretonic schwa. All stressed vowels, as well as all final and pretonic
unstressed schwas, were included in the analysis. The task was administered in a
quiet room at two public high schools in the city of Eivissa (IES sa Colomina and IES
Santa Maria) during the academic years 2016/2017 and 2017/2018. Each participant
carried out the task individually under the supervision of the experimenter, and the
full session was recorded with prior consent having been given by the parents of the
participant. As they viewed the PowerPoint presentation together, the experimenter
asked the participant to identify the word for each picture and to repeat it twice in
isolation, using their native Eivissan Catalan variety. (Four of the speakers produced
the target words only once.) The recordings were made using the internal micro-
phone of a MacBook Pro, at a 44.1 KHz sampling rate and 32-bit resolution and the
Audacity recording application. During the recording sessions, the experimenter
noticed that some speakers seemed to have a different phonological representation
than the one expected for a small set of words involving stressed /e/ and /3/: in the
words cec ‘blind’, resa ‘(s)he prays’, nét ‘grandson’, Déu ‘God’ these speakers replaced
[e/with /8/, and in the words pera ‘pear’, cella ‘eyebrow’, ceba ‘onion’ they replaced /a/
with /e/. These mispronunciations occurred 23 times across speakers. After checking
the mispronunciation of these items with another native speaker of Eivissan Catalan,
we excluded those 23 tokens from our analysis. Notice that these mispronunciations
involve the vowel /e/, which does not participate in the vowel merger of interest in
this study. Further tokens were excluded due to ambient noise.

3.3 Acoustic analyses

Vowel boundaries were set manually in TextGrids in Praat (Boersma and Weenink
2017). F1 and F2 formant values were extracted as average over the middle 50 % of

4 To improve our evaluation of language dominance, particularly in future studies on Eivissan
Catalan, we intend to use the Bilingual Language Profile (Birdsong et al. 2012). This approach involves
self-reporting by participants and considers various factors, such as language history, patterns of
language use, and attitudes towards both languages.
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Table 6: Tokens of each vowel included in the analyses.

Vowel i e € E) a b) o} u Pretonica  Finala  Total
Tokens 423 408 429 415 420 444 427 429 312 415 4,122

each vowel with a Praat script (formant number/ceilings were adjusted for speaker’s
gender) to avoid the sort of measurement error that can occur when only the
midpoint is considered. The Hz values were converted into ERB values.

As the vowels in Eivissan Catalan are rather monophthongal with long steady-
state formants, we did not include vowel trajectories in our measurements. Vowel
duration was also not included in our analysis, as there is no evidence of a phono-
logical contrast in vowel length in Eivissan Catalan.

Finally, after formant values were extracted, we identified outliers using
probabilistic mixture modelling as in Sandoval et al. (2013), with an outlier threshold
of 1.5 (all data points with fit values more than 1.5 times the interquartile range below
the first quartile or above the third quartile were labelled outliers, as in Stehr 2018).
The final number of tokens analysed for each vowel type is given in Table 6.

3.4 Analytic approach

To look for overlap between the realisations of the stressed schwa /3/ and the open-
mid front vowel /¢/, and between the realisations of the open-mid back vowel /o/ and
the close-mid back vowel /o/, we employed Pillai scores. The Pillai score (also called
Pillai-Bartlett trace) is the output of a multivariate analysis of variance (MANOVA)
that can incorporate two or more dependent variables and therefore is ideal for the
analysis of first, second, and also third formant values of vowels as well as duration,
all of which contribute to distinguishing one vowel category from its neighbours
(Hall-Lew 2010: 3; Nycz and Hall-Lew 2013: 5). Compared to other measures that have
been employed for possible vowel mergers, the Pillai score has the additional
advantage that it does not require an averaging across factors or any kind of speaker
normalisation.

As pointed out by Gordon (2013) and Regan (2020), the use of the Pillai score has
thus far been mostly restricted to vowel mergers and splits in English. A few ex-
ceptions have looked at a vowel split in Austrian German (Sloos 2013), mid vowel
mergers in Majorcan Catalan (Amengual 2016b), Galician (Amengual and Chamorro

5 We employ the psychophysically motivated Equivalent Rectangular Bandwidth scale (ERB; Moore
and Glasberg 1983), because it is more in line with what listeners perceive than the linear Hertz scale.
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2015) and Bangla (Islam and Ahmed 2020), a low vowel merger in Moundridge
Schweitzer heritage German (Joo et al. 2018), vowel metaphony in Asturian (Barnes
2019) and consonantal split in Andalusian Spanish (Regan 2020). The present study is
intended to help shift this area of research away from English, and differs from the
study by Amengual (2016b), which also dealt with a vowel merger in a variety of
Balearic Catalan, in that our focus is not on language dominance and cognate effects
in the phonetic production and processing of the back mid vowel contrast, but rather
on the production of all stressed vowels as well as final and pretonic unstressed
schwas, in order to detect possible mergers of not only the mid back vowels /o, 9/, but
also the pair /s, ¢/.

3.5 Statistical analyses

Multivariate analyses of variance (MANOVA) models per speaker were fitted in R (R
Core Team 2019) for the vowel pairs that were of interest to the present study, with F1
and F2 (in ERB) as dependent variables. There were 20-30 tokens per vowel per
speaker available for each MANOVA. The Pillai score values resulting from the model
canrange from 0 to 1, where a value close to 0 indicates that the two vowel categories
are very similar and a value towards 1 indicates that there is no similarity between
the two, and the Pillai score is therefore a measure of similarity rather than of
distance (Nycz and Hall-Lew 2013: 5). With this procedure, we follow Hay et al. (2006)
and later studies. No normalisation of the ERB values was conducted as this is not
necessary for Pillai scores and avoids the loss of meaningful inter-speaker variation.

We performed MANOVASs for the pair /s, €/, for which we expected a very low
Pillai score as the two vowels are hypothetically (nearly) merged, and for the pairs /e,
3/ and /e, ¢/, where both vowels of the merged pair are coupled with the remaining
stressed mid front vowel /e/. For the latter two pairs we expected high Pillai scores, as
the vowels in each pair show no sign of merger. We further performed MANOVASs for
the hypothesised merged mid back vowel pair /o, 9/ (where we expected a low Pillai
score) and for the pairings of both of these vowels with the only other back vowel /u/:
/u, o/ and /u, 9/ (both expected to have high Pillai scores). Lastly, we also performed
MANOVAs for the unstressed schwas in pretonic and final position, and for each of
them paired with the stressed schwa. This was done to check the degree to which the
outcome of the possible /3, ¢/ merger would overlap with the realisations of the
unstressed schwa, which would allow us to determine the phonetic outcome of the
merger. For the p-values resulting from these MANOVAs we assumed values of 0.001
and lower to be indicative of significantly different realisations and thus no merger.
We performed this Bonferroni correction of factor 50 because we were looking at 25
speakers and two possible vowel mergers, and thus had a factor-of-50 higher chance
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of finding significant results. Nevertheless, vowel pairs with very low Pillai scores
and p-values higher than 0.001 could not be interpreted as merged because there is
no standard cut-off Pillai score for mergers (as pointed out also by Stanley 2019, and
Freeman 2021), and a low p-value could simply reflect a lack of power (see, e.g.,
Duncan 2022, and Stanley and Sneller 2023). We therefore proceeded for these vowel
pairs to perform separate linear mixed-effects models for F1 and F2 in R, using the
packages Ime4 (Bates et al. 2015) and ImerTest (Kuznetsova et al. 2017). In these
models, we took vowel pair as fixed effect, word and speaker as random intercepts
and vowel by speaker as random slope.

4 Results

Figure 3 provides a vowel plot of the average realisations of all stressed vowels, but
also includes pretonic unstressed schwas, marked “pa”, and final unstressed schwas,
marked “fa” (this and all following figures were created in ggplot2; Wickham 2009).
Plots of the vowel spaces of individual speakers are provided in Appendix B1, and a
plot comparing the female and male speakers in Appendix B2.

As can be seen in Figure 3, the realisations of the two mid back vowels /o/ and /a/
have almost the same average values, and there is also large overlap in their dis-
tribution (the two corresponding crosses have similar arm spans), though /o/ shows
slightly more dispersed realisations. A similar overlap can be observed for the
realisations of the open-mid front vowel /¢/ and the stressed schwa /3/. Here the
distributions are nearly identical. There is no difference in overlap observable
between the female and the male speakers (see Appendix B2; as expected, the actual
F1 and F2 values are higher for the female speakers). These findings are in line with
the results of the MANOVAs for these vowel pairs, given in detail in Appendix C. The
mean Pillai score for the hypothesised merged vowel pair /s, ¢/ is 0.084, as opposed to
0.853 for non-merged /e, ¢/ and 0.849 for non-merged /e, 3/. The Pillai scores and
p-values for each speaker for all three pairs are given in Appendix C1. The p-values
for the distinct pairs /e, 3/ and /e, ¢/ for each speaker all are below 0.001, indicating a
clear contrast for all participants. For the allegedly merged pair /3, ¢/, the p-values are
all above 0.001. A graphic overview of the distribution of these values is given in
Figure 4.

The distributions in Figure 4 show that the values of the assumedly merged pair
/3, ¢/ are very far from those of the non-merged /e, 8/ and /e, ¢/. Additional linear fixed-
effect models for F1 and F2 values of the two vowels /3/ and /¢/ confirmed that these
two vowels were not significantly distinct on either of the two formants. For F1, the
p-value was 0.598, and the effect was maximally 0.23 ERB (the upper bound of the
confidence interval [CI]). For F2, p was 0.265, and the upper bound of the CI was 0.30
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Figure 3: Means of all stressed vowel realisations by all speakers, including also the pretonic
unstressed schwa (ps) and the final unstressed schwa (f3); crosses indicate 2 standard deviations.

ERB. These maximal values are around or below the Just Noticeable Difference (JND)
for first and second formants, which is reported at 3-5% on a Hertz scale (Flanagan
1955: 616).°

Moving to the mid back vowels, the mean Pillai score for the assumedly merged
vowel pair /o, 9/ is 0.096 and thus very low, as opposed to the non-merged /u, o/, with a

6 The front mid vowels in our data have a F1 of approximately 670 Hz, or 12.29 ERB. Adding 3 % yields
690 Hz, or 12.50 ERB, and adding 5 % yields 704 Hz, or 12.65 ERB. The JND for these F1is thus 0.21 ERB if
3% is applied and 0.36 ERB for 5 %. The observed maximal F1 effect of 0.23 ERB lies between these two
values. The front mid vowels have an F2 of approximately 1750 Hz, or 19.82 ERB, where adding 3 %
yields 1803 Hz, or 20.06 ERB, and adding 5 % yields 1838 Hz, or 20.23 ERB. The JND for these F2 values is
thus 0.24-0.41 ERB. The maximal F2 effect of 0.3 ERB lies between these two.
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Figure 4: Pillai scores for the relevant mid front vowel pairs per speaker.

Pillai score of 0.728, and /u, 9/, with a score of 0.771. Appendix C2 gives an overview of
all Pillai scores and p-values by speaker for these back vowel pairs. The p-values for
the non-merged vowel pairs were again below 0.001 (except for one speaker per
vowel pair), and for the assumedly merged pair all above 0.001, with the exception of
one speaker. Figure 5 illustrates these Pillai score values. The exceptional speaker
with a very high Pillai score for /o, 9/ is clearly visible in this graph.

Additional linear fixed-effect models for F1 and F2 values of the two vowels /o/
and /o/ showed that these two were not significantly distinct on either of the two
formants: for F1, p = 0.973, and the upper bound of the CI = 0.27 ERB; for F2, p = 0.845,
and the upper bound of the CI = 0.92 ERB. The first is thus at or below the JND, while
the second is clearly above the JND.’

The MANOVA for the unstressed schwa in pretonic versus final position yielded
a mean Pillai score of 0.175, that for stressed schwa versus pretonic schwa yielded a
mean Pillai score of 0.313, and that for stressed schwa versus final schwa yielded a
mean Pillai score of 0.339. The Pillai scores per speaker are graphically represented
in Figure 6.

7 The back mid vowels in our data have a F1 of approximately 590 Hz, or 11.40 ERB. Adding 3 % yields
608 Hz, or 11.61 ERB, and adding 5 % yields 620 Hz, or 11.74 ERB. The JND for these F1 values is thus 0.
21-0.34 ERB. The F2 of the back mid vowels is approximately 1200 Hz, or 16.73 ERB. Adding 3 % yields
1236 Hz, or 16.97 ERB, and adding 5 % yields 1260 Hz, or 17.12 ERB. The JND for these F2 values is thus 0.
24-0.39 ERB.
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Figure 5: Pillai scores for the relevant back-front vowel pairs per speaker.
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Figure 6: Pillai scores for the unstressed schwa pairs per speaker.



62 —— Hamann and Torres-Tamarit DE GRUYTER

A comparison of the two unstressed schwas (left-most box) in Figure 6 with the
vowel pairs in Figures 4 and 5 shows that the former yield low Pillai scores that are
only slightly higher than those for the two merged mid vowel pairs in Figures 4 and 5
but much lower than the clearly distinct pairs of mid and high vowels in Figures 4
and 5. The individual Pillai scores and p-values for this pair (see Appendix C3) showed
that only one speaker had a p-value below 0.001 and hence clearly distinct realisa-
tions for the two unstressed schwas, all other speakers having sharply overlapping
realisations. For the other two vowel pairs including the stressed schwa, speaker
behaviour was slightly less homogeneous. For the pair a-ps, three speakers had
p-values below 0.001, and for the pair a-fs, nine speakers yielded p-values below
0.001, all thus making a clear distinction between stressed and unstressed schwas.
For the remaining 15 speakers, stressed schwa and both pretonic and final unstressed
schwas sharply overlapped. We must therefore conclude that the outcome realisa-
tions of the merged /3, € are not phonetically identical to realisations of the
unstressed schwas in either position but show instead a considerable degree of
overlap with them for 10 speakers, whereas for the remaining 15 speakers the
merged category clearly overlaps with unstressed schwas.

The word-specific differences in the realisations of the vowel categories are
shown in Appendix D, though this graph does not include the final unstressed schwa
for reasons of clarity.

5 Discussion

Our data corroborate the intuition expressed by Torres Torres (1983) that the pair of
stressed vowels /o, 9/ are completely overlapping in urban Eivissan Catalan. In fact,
the young native speakers that participated in this study behave exactly like the
young informants observed by Torres Torres almost 40 years ago (except for one
speaker).? The outcome of the neutralisation process between /o/ and /o/ seems to be
located somewhere between the close-mid and the open-mid vowel regions, as it
exhibits considerably higher F1 frequencies (i.e., more openness) than the corre-
sponding close-mid front vowel /e/ for most of the speakers, similar to the outcome of
the same change in Girona Catalan (3).

Furthermore, we found that the pair of stressed vowels /s, ¢/ has also undergone
a process of complete overlap among young native speakers of urban Eivissan
Catalan, a process that has not been reported previously. In the following, we refer to

8 The vowel system of this participant (speaker 1) with seven vowels and a distinction in the back
mid vowels resembles that of rural western Eivissan. A possible explanation for her exceptional
system could be that one or both of her parents are speakers of the island’s western variety.



DE GRUYTER Merger in Eivissan Catalan =—— 63

these two processes as mergers, because the differences that we found between the
vowels of each pair are likely to be too small to be perceivable (the upper bounds of
the CIs were lower or around the JND for the first and second formants), though
future perception experiments will have to test this claim.

5.1 Recent merger and resulting inventory

The two observed mergers are reminiscent of Recasens and Espinosa’s (2009)
observation that a merger of one mid vowel pair and the resulting asymmetrical
vowel inventory often cause a later merger in the opposing mid vowel pair, the result
being a symmetrical vowel system (see Section 2.2). As opposed to those Catalan
dialects, however, Eivissan Catalan exhibits a merger of /¢/ and stressed schwa /a/,
rather than a merger of the expected two front mid vowels /e/ and /¢/. The two
developments in urban Eivissan Catalan therefore seem to be resulting in an
asymmetrical vowel system, with two back vowels /u, 9/, one central vowel /a/, and
three front(ish) vowels /i, e, E/, where /E/ stands for the merged /s, ¢/ category. An
illustration of the two vowel changes and their outcome is given in Figure 7, showing
the asymmetric nature of the present-day inventory (Stage III).

5.2 Comparison of stressed and unstressed schwa to
determine outcome of the recent merger

To further determine the phonetic realisation of merged /E/, we compared it to the
realisations of unstressed schwa in both pretonic and final position. For none of the

STAGE I STAGE I STAGE III
pre-1980s 1980s 2018
L] L] L]
L] L] L]
L] L] °
. ¢ I . o . .
. L4 . .
() L] (]

Figure 7: Reconstruction of the vowel inventory of young Eivissan Catalan speakers at three points in
time. The position of the vowels in Stage III (current stage) is based on the measurements performed in
the present study, those in Stage II on the description by Torres Torres (1983).
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speakers did these totally overlap, but we did find a considerable degree of overlap of
merged /E/ with the unstressed schwas, as well as a significant degree of inter-
speaker variation. For a small minority of speakers, /E/ has clearly distinct realisa-
tions from unstressed /a/ in both pretonic and final position, indicating that for these
speakers the original stressed schwa seems to have assimilated towards original /e/
when merging. For a further eight speakers, merged /E/ overlaps either with the final
unstressed /3/ or with pretonic unstressed /o/, and it therefore seems that the original
stressed /¢/ has assimilated towards stressed /o/ in the merger. The same interpre-
tation holds for the remaining 15 speakers, where /E/ overlaps with both pretonic and
final unstressed /a/.?

Can we conclude from this that the merged /E/ is in a position where we would
expect the stressed /o/ to be, and that the inventory resulting from the two mergers in
urban Eivissan Catalan is, after all, symmetrical, with two vowels in the back, /u, 9/,
two in the front, /i, e/, and two central ones, /a, E/, where /E/ is realised as [2]? One
argument against such an interpretation is the positioning of this supposed schwa
with respect to the other central vowel, low /a/: Figure 2 and stage III in Figure 7 show
that /E/ has higher F2 values, that is, it is articulated further front, than /a/. Another
argument comes from the comparison of /E/ to stressed schwas in other languages. In
a cross-linguistic study across a variety of languages with stressed schwa, including
Majorcan Catalan, Recasens (2022) concludes that stressed schwa is often realised as
a close-mid back unrounded [¥] in these languages. In Figure 8, we compare our
merged /E/ with the stressed /a/ in Majorcan Catalan, where the data points for the
latter come from Recasens and Espinosa (2006: 655). We included the whole vowel
inventory to enable a relativisation of the position of the relevant vowels. Standard
deviations are not shown, as the Majorcan data are based on only one data point for
each of the five speakers who participated in that study.

Focussing on the mean values (left) of the Majorcan vowels (in red) for now, we
can see that the schwa in this variety is clearly a mid central vowel with approximately
the same (slightly lower) F2 values than the central /a/. If we then compare the whole
Majorcan vowel inventory to that of urban Eivissan Catalan (in black) on the left of
Figure 8, we notice that the inventory of the latter is generally more fronted and lower,
that s, all the vowels have higher F1 and F2 values than they do in Majorcan, except for
/¢/. This difference can be explained by the fact that the Majorcan data are taken from
men aged 2545 years, while our Eivissan data are from much younger speakers (15-18
years) with roughly half of them being female, hence with a shorter vocal tract (see,
e.g., the results by Peterson and Barney 1952 for American English). To be able to

9 If one or both of the unstressed schwas differed noticeably in location from merged /E/, then they
were usually slightly higher and more central (i.e., exhibited lower F1 and lower F2 values) than /E/, as
would be expected, since shorter realisations in unstressed position favour centralisation.
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compare the Majorcan schwa to Eivissan g/schwa (the merged category /E/), we
normalized the values by using z-scores (Lobanov 1971), see Figure 8 on the right. Even
after this normalization, Eivissan Catalan /E/ still exhibits higher values for both F1and
F2 (i.e, it is more open and more fronted) than Majorcan schwa, indicating that the
merged /E/ category does not overlap in values with that of an uncontroversially
stressed schwa in the closely related Majorcan Catalan.

We therefore conclude that merged /E/ in Eivissan Catalan is closer to a proto-
typical /¢/ than to a prototypical /a/, and that the unstressed schwas in this variety,
which we used as reference points above, are also quite fronted and show rather
atypical realisations. We venture to suggest that, at least for those 15 speakers where
[E/ overlaps with both pretonic and final unstressed schwas, the merged category /E/
and the unstressed schwas are best characterised as an open-mid fronted central
vowel /3/.°

In the present study we have investigated the vowel systems of 25 young native
speakers of urban Eivissan Catalan. We have demonstrated that the Eivissan Cata-
lan’s traditional system of eight vowels in stressed position, which includes stressed
schwa, has undergone two merging processes affecting /o, 9/ and /s, €/, the latter being
hitherto unreported, and the former having been only cursorily noted in Torres
Torres (1983). The result is a vowel system consisting of six contrastive vowels, where
the outcome of the merger of /3, €/ is closer to a prototypical /¢/ than to a prototypical
/3], and where this merged category overlaps for a majority of speakers with the
realisation of unstressed schwa, which is more open than a prototypical mid central
vowel, and slightly fronted.

Future studies are needed to determine the scope of this presumably recent
sound change in older native speakers of urban Eivissan Catalan, as well as the
influence that this change may have exerted on the speech of native speakers from
rural areas, especially the western portion of the island, where historical stressed /a/
shifted to /¢/, a phenomenon of equal relevance to the issue of sound change in
Eivissan Catalan but for which no instrumental data as yet exist. Whether contact
with Spanish has sped up or even triggered the vowel mergers is also unknown to us
at this point. In this respect, a socially-stratified variationist investigation is neces-
sary, which we leave for future research.

Also, although the data at hand point to a situation of very precarious social
use of Catalan, usually restricted to family settings, which are sometimes

10 As an anonymous reviewer correctly points out, functional load could have played a role in the
elimination of the phonemic contrast between /a/ and /¢/. Wedel et al. (2013) were the first to support
the functional load hypothesis statistically from a dataset comprising multiple languages. They found
that merged phoneme pairs distinguish significantly fewer minimal pairs than unmerged phoneme
pairs. They also found that in the absence of minimal pairs, the higher the probability of a phoneme
the higher the probability of merger.
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bilingual,"* more needs to be known about the specific sociolinguistic profiles of

young native speakers of Eivissan Catalan to fully understand the role of socio-
linguistic factors in the sound changes observed. Despite the official status of
Catalan in Eivissa, a better understanding of the precise nature of the input that
children receive both at home and in schools is needed. The learners’ exposure to
Eivissan Catalan seems to be severely limited due to an ongoing process of
minoritisation of Catalan and language shift in favour of Spanish. Such a situation
may be similar to that of heritage language acquisition, which may cause rapid
sound changes and L1 phonological attrition (Celata 2019; Chang 2021; de Leeuw
2019; Kopke 2005), or at least lead to weak phonolexical representations, as already
reported even for Central Catalan-dominant bilinguals in Nadeu and Renwick
(2016) and Renwick and Nadeu (2019). Such weak phonolexical representations
may facilitate vowel mergers, especially in situations in which the realisation of
contrastive sounds shows considerable phonetic overlap. Finally, qualitative data
on linguistic attitudes, supported by sociolinguistic quantitative data, may also
help better understand the factors determining the maintenance or loss of lin-
guistic contrasts in Eivissan Catalan.
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Appendix A: Items

al ma ‘hand’ a1 net ‘clean’
a2 muntanya ‘mountain’ 92 tres ‘three’

a3 mapa ‘map’ a3 antena ‘antenna’
a4 sal ‘salt’ a4 pél ‘hair’

a5 ram ‘bouquet’ a5 esquena ‘back’

ab fantasma ‘ghost’ 96 ceba ‘onion’
a7 casa ‘house’ 37 pera ‘pear’

a8 vaca ‘cow’ a8 cella ‘eyebrow’
a9 gat ‘cat’ 99 abella ‘bee’

al0 aranya ‘spider’ 310 verd ‘green’
i1 llibre ‘book’ 1 flor ‘flower’

i2 conill ‘rabbit’ 22 porta ‘door’

i3 gris ‘grey’ 33 coll ‘neck’

i4 formiga ‘ant’ 24 ou ‘eqq’

i5 sindria ‘watermelon’ 25 foc “fire’

i6 figa fig’ 26 cova ‘cave’

i7 pi ‘pinetree’ 27 roda ‘wheel’
i8 fil ‘thread’ 8 groc ‘yellow’

i9 pinya ‘pineapple’ 29 sol ‘sun’

i10 pingdif ‘penguin’ 210 arros ‘rice’

€1 mel ‘honey’ ol polp ‘octopus’
€2 cel ‘sky’ 02 boca ‘mouth’
€3 peu ‘foot’ 03 sopa ‘soup’

€4 cendra ‘ash’ o4 mén ‘world’

€5 divendres ‘Friday’ 05 estémac ‘stomach’
€6 hivern ‘winter’ 06 llop ‘wolf’

€7 set ‘seven’ o7 poma ‘apple’

€8 deu ‘ten’ 08 mosca “ly’

€9 terra ‘earth/ground’ 09 Jove ‘young’
€10 guerra ‘war’ 010 mel6 ‘melon’
ul pruna ‘plumb’ el cuiner ‘cook’

u2 nu ‘naked’ e2 cec ‘blind’
u3 juny June’ e3 vella ‘old-fem’
u4 bruixa ‘witch’ ed resa ‘he/she prays’
u5 ull ‘eye’ e5 estrella ‘star’

ué tortuga ‘turtle’ eb nét ‘grandson’
u7 lluna ‘moon’ e7 Déu ‘God’

u8 puca ‘flea’ e8 cresta ‘crest’

u9 cuc ‘worm’ e9 festa ‘party’

u10 puny fist’ e10 finestra ‘window’
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fa = final unstressed

schwa

fa1
fa2
fa3
fo4
fa5
fob
fa7
fo8
fa9
fa10

porta
formiga
bruixa
ceba
pera
divendres
casa
poma
terra
finestra

pa = pretonic schwa

pal
pa2
pa3
pa4
pa5
pa6
pa7
pa8

antena
esquena
fantasma
estrella
estémac
aranya
arros
melé

Appendix B1: Vowel spaces for all speakers

F1(ER)

F1 (€Ra)

F1(ER)

F2(ER8)

Speaker 1

F2(ER8)

Speaker 4

F2(ERB)

Speaker 7

F1(€R)

F1(ER)

F1(ER)

F1(€Re)

F2(ERS) F2(ER8)

Speaker 2 Speaker 3
e " e
Speaker 5 Speaker 6

o
e e
Speaker 8 Speaker 9
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HRE
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e ! 2 Ee)

3 " 3
Speaker 10 Speaker 11 Speaker 12

F2(ers)

B #w
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i R I I

|t
£+ ﬂF

i,

“en N v F2.ere) - ? res "
Speaker 16 Speaker 17 Speaker 18

L3 3 % EJ w
(ERe) F2(ER8)

F24 N N - - miﬂﬂ)w
Speaker 19 Speaker 20 Speaker 21



DE GRUYTER Merger in Eivissan Catalan =—— 71

Speaker 22 Speaker 23 Speaker 24

Speaker 25

Appendix B2: Vowel spaces for female and male
speakers

sex
a female

male

F1 (ERB)

2‘4 2’2 2‘0 1‘8
F2 (ERB)
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Appendix C: Results of the statistical analyses

DE GRUYTER

Table C1: Pillai scores and p-values for the front mid vowel pairs per speaker.

Speaker EXS eg ed

Pillai score p-value Pillai score p-value Pillai score p-value
1 0.00960 0.93468 0.79110 0.00004 0.86588 <0.00001
2 0.20458 0.14291 0.89748 <0.00001 0.81445 <0.00001
3 0.07809 0.54344 0.74901 0.00002 0.76394 0.00001
4 0.11451 0.42685 0.93285 <0.00001 0.92310 <0.00001
5 0.09633 0.16989 0.83027 <0.00001 0.86196 <0.00001
6 0.00351 0.94200 0.93712 <0.00001 0.96750 <0.00001
7 0.02814 0.62444 0.78619 <0.00001 0.79677 <0.00001
8 0.21968 0.02422 0.93366 <0.00001 0.92510 <0.00001
9 0.03473 0.58851 0.94046 <0.00001 0.94776 <0.00001
10 0.02330 0.66983 0.88633 <0.00001 0.90737 <0.00001
" 0.111M 0.12003 0.83169 <0.00001 0.77958 <0.00001
12 0.04177 0.50523 0.94215 <0.00001 0.92121 <0.00001
13 0.01979 0.48688 0.86677 <0.00001 0.77617 <0.00001
14 0.07099 0.33137 0.88388 <0.00001 0.86592 <0.00001
15 0.05924 0.34346 0.96534 <0.00001 0.93097 <0.00001
16 0.01580 0.78127 0.65035 <0.00001 0.67447 <0.00001
17 0.28205 0.00303 0.87297 <0.00001 0.81100 <0.00001
18 0.10173 0.20004 0.79561 <0.00001 0.77768 <0.00001
19 0.04183 0.49405 0.75285 <0.00001 0.71296 <0.00001
20 0.27883 0.00535 0.97069 <0.00001 0.93519 <0.00001
21 0.00206 0.97257 0.73586 <0.00001 0.80308 <0.00001
22 0.07620 0.25992 0.90840 <0.00001 0.87660 <0.00001
23 0.05854 0.36962 0.92050 <0.00001 0.92478 <0.00001
24 0.11728 0.23821 0.87520 <0.00001 0.87009 <0.00001
25 0.00749 0.89342 0.67011 <0.00001 0.78003 <0.00001
Mean 0.08389 0.85307 0.84854

Table C2: Pillai scores and p-values for the back mid vowel pairs per speaker. For the 0_> pair, the only
p-value below 0.001 is in boldface italics. For the other two pairs, the two exceptions of p-values above

0.001 are in boldface italics.

Speaker 0. u_o u.d

Pillai score p-value Pillai score p-value Pillai score p-value
1 0.66623 0.00015 0.57696 0.00103 0.93415 <0.00001
2 0.05839 0.63686 0.80542 0.00001 0.89650 <0.00001
3 0.00419 0.96694 0.73633 0.00002 0.88046 <0.00001
4 0.11379 0.35815 0.56899 0.00078 0.52332 0.00184
5 0.03217 0.58304 0.89786 <0.00001 0.92379 <0.00001
6 0.01441 0.78702 0.77811 <0.00001 0.82265 <0.00001
7 0.20409 0.01841 0.67011 <0.00001 0.61225 <0.00001
8 0.01583 0.78090 0.87880 <0.00001 0.87331 <0.00001
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Table C2: (continued)

Speaker 0. u_o u.

Pillai score p-value Pillai score p-value Pillai score p-value
9 0.11817 0.12557 0.57310 <0.00001 0.69490 <0.00001
10 0.12643 0.10749 0.62517 <0.00001 0.67322 <0.00001
1" 0.00609 0.90413 0.84562 <0.00001 0.84967 <0.00001
12 0.03192 0.55773 0.73728 <0.00001 0.75313 <0.00001
13 0.01943 0.51821 0.62181 <0.00001 0.70350 <0.00001
14 0.08619 0.20651 0.86304 <0.00001 0.83127 <0.00001
15 0.06824 0.29030 0.77133 <0.00001 0.77824 <0.00001
16 0.01568 0.75833 0.88370 <0.00001 0.87685 <0.00001
17 0.04593 0.44965 0.76475 <0.00001 0.81514 <0.00001
18 0.03743 0.55358 0.87466 <0.00001 0.89427 <0.00001
19 0.18698 0.02672 0.60971 <0.00001 0.60193 <0.00001
20 0.10854 0.14182 0.68799 <0.00001 0.77045 <0.00001
21 0.10581 0.13357 0.64413 <0.00001 0.61411 <0.00001
22 0.01487 0.78687 0.76218 <0.00001 0.77040 <0.00001
23 0.03016 0.59419 0.67608 <0.00001 0.65164 <0.00001
24 0.27086 0.01928 0.59026 0.00003 0.81233 <0.00001
25 0.01713 0.75846 0.74489 <0.00001 0.7177 <0.00001
Mean 0.09596 0.72753 0.77101

Table C3: Pillai scores and p-values for the vowel pairs involving unstressed schwa. Pairs with p-values
below 0.001 are marked in boldface italics.

Speaker fa_pa a_pe o_fo

Pillai score p-value Pillai score p-value Pillai score p-value
1 0.62580 0.00275 0.58969 0.00477 0.81428 <0.00001
2 0.07867 0.54088 0.55887 0.00216 0.40888 0.01146
3 0.09880 0.45830 0.61446 0.00127 0.23468 0.11769
4 0.00134 0.99201 0.47474 0.01522 0.63776 0.00082
5 0.27156 0.01011 0.36766 0.00163 0.37808 0.00031
6 0.02205 0.72379 0.21490 0.02654 0.55797 <0.00001
7 0.37325 0.00291 0.25159 0.01730 0.06350 0.37376
8 0.50527 0.00005 0.30045 0.01642 0.70545 <0.00001
9 0.28741 0.00620 0.08762 0.26456 0.17562 0.04550
10 0.23768 0.01706 0.28679 0.00744 0.14308 0.07244
11 0.24027 0.01621 0.68359 <0.00001 0.64623 <0.00001
12 0.07694 0.31319 0.32989 0.00368 0.21997 0.01465
13 0.04560 0.36662 0.15765 0.01933 0.35242 <0.00001
14 0.11978 0.15725 0.20187 0.05333 0.15237 0.08377
15 0.13497 0.13135 0.50232 0.00003 0.26144 0.00497
16 0.01265 0.84749 0.21680 0.04714 0.37522 0.00138
17 0.34891 0.00305 0.35656 0.00167 0.46048 0.00004
18 0.00456 0.93807 0.03314 0.64528 0.05098 0.49343
19 0.06715 0.39127 0.22809 0.02058 0.25995 0.00809
20 0.23973 0.01246 0.26504 0.00986 0.20827 0.01679

N
—

0.07174 0.33977 0.05170 0.54312 0.04121 0.54321
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Table C3: (continued)
Speaker fo_pe a_pa a_fe

Pillai score p-value Pillai score p-value Pillai score p-value
22 0.20541 0.05034 0.48022 0.00005 0.60247 <0.00001
23 0.09836 0.23468 0.10902 0.18754 0.33430 0.00149
24 0.00574 0.94134 0.20601 0.07045 0.36148 0.02208
25 0.20828 0.06065 0.25540 0.02506 0.03740 0.58643
Mean 0.17528 0.31296 0.33934

Appendix D: Word-specific realisations averaged
over speakers. Words for final un-
stressed schwas were not included, as
they overlap too much with pretonic
schwa and stressed schwa

F1 (ERB)
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