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yəḳsūs ‘he tells a story’, yəṭfawf ‘they m. float’, śəḳfīf ‘steep slope’, 
nəbḥəm ‘they m. barked’ and ḏə-yəbṯawṯ ‘they m. disseminate’ show 
the former set with medial ‘unbreathed’ plosive–fricative clusters to 
exhibit no intrusive vowels and the latter set with medial ‘unbreathed’–
‘breathed’ plosive–fricative clusters to exhibit intrusive vowels. 

4.4.1 ‘Unbreathed’ clusters
For speakers within our database, all tokens of həḳṣawm, həḳṣəmk, 
yəḳṣawṣ and abṣār which exhibit word-medial ‘unbreathed’ clusters are 
realized without an intrusive vowel, as exemplified in Figures 28–31.

Figure 28: M001: həḳṣawm ‘to spend the hot part of the day’
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Figure 29: M001: həḳṣəmk ‘I/you m.s. spent the hot part of the day’

Figure 30: M001: yəgzēm ‘he swears [subj]’
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Figure 31: M001: yəbzēl ‘he turns off [subj]’

4.5.2 ‘Unbreathed’–‘breathed’ clusters
All tokens of həḳśūr, yəḳsūs, yəṭfawf, śəḳfīf, nəbḥəm and ḏə-yəbṯawṯ 
‘they m. disseminate’, which exhibit ‘unbreathed’–‘breathed’ clusters, 
are realized with an intrusive vowel, as exemplified in Figures 32–37. 
Note that this is even the case when the ‘breathed’ C2 is realised with 
voicing, as in Figures 34–37.
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Figure 32: M001: həḳśūr ‘to nag; to misbehave’

Figure 33: M001: yəḳsūs ‘he tells a story’
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Figure 36: M001: nəbḥəm ‘they m. barked’

Figure 37: M001: ḏə-yəbṯawṯ ‘they m. disseminate’
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Figure 38: M026: ḏə-yəṣbūb ‘he is pouring’

4.5.3 Place order
Heterorganic fricative–plosive sequences almost invariably exhibit IVs 
among our speakers where C2 is /b/, irrespective of the laryngeal 
category of C1, supporting the predilection for IVs in the case of 
back–front sequences, as in yəṣbūb ‘he pours’, yəhəṣbūb ‘he heats up’ 
and yəśbūb ‘he goes up’; front–back heterorganic fricative–plosive 
sequences, by contrast, fail among several, but not all speakers to 
exhibit IVs, again irrespective of the laryngeal category of either con-
sonant. Compare Figure 38 of yəṣbūb in the back–front order with 
Figures 39–42 of əfṭāṭ ‘spots’, təṣkákəh ‘you m.s. shut it m. [subj]’ and 
yəśḳawḳ ‘he splits’ in the front–back order.

Individual speaker variation is observed in the realization of an IV 
between a ‘breathed’ fricative and ‘unbreathed’ plosive in the front–
back place order, as we see by comparing the tokens of yəśḳawḳ ‘he 
splits’ above and below. M001 and M026 in all our data fail to pro-
duce an IV in this position, while M068 and M028 regularly produce 
an IV in careful speech. Figure 42 shows M068’s production of 
yəśḳawḳ with an IV of around 20ms.
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Figure 39: M026: əfṭāṭ ‘spots’

Figure 40: M001: təṣkákəh ‘you m.s. shut it m. [subj]’
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Figure 42: M068: yəśḳawḳ ‘he splits’

Figure 41: M026: ḏə-yəśḳawḳ ‘he is splitting’
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Figure 43: M001: yəġṣawṣ ‘he winks’

4.5.4  Manner of articulation and laryngeal categories
In terms of clusters of fricatives or of plosives, ‘breathed’ clusters are 
extremely rarely broken by an IV, as found by Kreitman (2010, 177) 
for Modern Hebrew and Ridouane & Fougeron (2011) for Tashlhiyt 
Berber (although ‘breathed’ clusters are sometimes separated by an 
unstressed vowel, as we see in Figure 27 həklóh). ‘Breathed’–
‘unbreathed’ fricative clusters are frequently not broken by an IV 
where C1 is labio-dental /f/ due to the predilection of front–back clus-
ters to attract shorter, or no, IV, as in yəfšawš ‘he presses’ and yəfṣawṣ 
‘he escapes’; guttural–non-guttural clusters such as yəxzáh ‘he refuses 
[subj]’ invariably take an IV; other ‘breathed’–‘unbreathed’ clusters are 
variable. ‘Breathed’/’unbreathed’ fricative and fricative/plosive clusters 
invariably take an IV where the fricative is an ‘unbreathed’ guttural, 
as exemplified in yəġṣawṣ ‘he winks’, lətġəm ‘they m. killed’ given in 
Figures 43 (repeated from Figure 22) and 44, and the Arabic loan-
word, maṭʕam ‘restaurant’, and are otherwise variable. 

‘Unbreathed’ plosive clusters typically fail to take an IV in the 
front–back place order, as in abḳār ‘the cows’, yəṭḳawḳ ‘he/they m. 
knock’, but typically take an IV in the back–front place order, as in 
araḳbək = araḳ[ə]bək ‘your m.s. small cave’, yəṭbēx = yəṭ[ə]bēx ‘he 
cooks [subj]’ and ʕəgbək = ʕəg[ə]bək ‘I/you m.s. love’. 
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4.6.  Summary
Table 3 summarizes in terms of laryngeal categories, manner of artic-
ulation and sonorancy those sequences which according to our data 
invariably take IV (2), those which variably take IV (1), and those 
which never take IV (0). ‘-’ in the table denotes gemination in case 
of -Br G and /r/ clusters. The Y-axis denotes C1, the X-axis C2. To 
limit the complexity of the table, place order is not taken into account 
here. The following abbreviations are used:

Br	 ‘breathed’
-Br	 ‘unbreathed’
F	 ‘fricative’
G	 ‘guttural’
P	 ‘plosive’
/r/	 /r/
S	 ‘non-rhotic sonorant’

Figure 44: J001: lətġəm ‘they m. killed’
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Table 3. Predictability of IVs by sequence
C1

 

C2
Br P Br F Br G -Br P -Br F -Br G /r/ S

Br P 0 0 0 1 1 2 2 2
Br F 0 0 0 1 1 2 2 2
Br G 0 0 0 2 2 1 2 2
-Br P 1 1 1 1 1 2 2 2
-Br F 1 1 1 1 1 2 2 2
-Br G 2 2 1 2 2 - 2 2
/r/ 1 1 1 1 1 2 - 2
S 0 0 0 0 1 2 2 1

5.  Statistical analysis
Intrusive vowels vary greatly in duration, depending on laryngeal cat-
egories, sonorancy, manner and place of articulation, number of syl-
lables in the word, speech rate and the individual; however, on aver-
age, we predict that stressed vowels will be longer than unstressed, 
epenthetic and intrusive vowels, and that epenthetic vowels will be 
longer than intrusive vowels, as illustrated in Figure 45 śə́səbkəm ‘your 
m.pl. leather satchel’ pronounced by M001 (see Figure 4 in Hes-
elwood et al. 2015), from left to right, stressed /ə/ (86ms), epenthetic 
[ə] (38ms), intrusive [ə] (22ms) and unstressed /ə/ (51ms). 

Figure 45: M001: śə́səbkəm ‘your m.pl. leather satchel’
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For the statistical analysis, there were a total of 5448 [ə] in the 
dataset. [ə] vowels that function as the definite article (N=194) and 
as prosthetic vowels (N=36) were excluded from this analysis as the 
focus was on word-medial vowels. A total of 5218 vowels were ana-
lyzed (1197 stressed lexical, 417 stressed derived, 2348 unstressed 
lexical, 930 intrusive and 326 epenthetic). All intrusive and epen-
thetic vowels were unstressed. 

A linear mixed-effect regression model was built using the lme4 
(Bates et al., 2015) and lmerTest (Kuznetsova et al., 2017) packages 
in R (R Core Team, 2021) and RStudio (RStudio Team, 2021). 
Vowel duration in milliseconds was the dependent variable, with 
vowel type (stressed lexical, stressed derived, unstressed lexical, intru-
sive and epenthetic) as the fixed factor and participant, word and 
recording device as random intercepts.27 The model with a random 
slope for participants failed to converge. Dummy coding was used 
with stressed lexical vowels as the baseline level. The duration of all 
vowel types was significantly shorter than that of stressed vowels. 
A Tukey post-hoc test using the emmeans package (Lenth 2021) 
revealed that the duration of vowel types was significantly different 
from each other, except for the difference between unstressed lexical 
and epenthetic vowels, which only approached significance (Table 4).

Table 4. Result of pairwise comparisons of vowel type on vowel duration 
using a Tukey post-hoc test with the emmeans package.

Pairwise comparisons Estimate SE df t-ratio p-value

stressed lexical - stressed derived -22.74 1.424 5205 -15 .967 <.001
stressed lexical - unstressed lexical 5.61 0.969 5074 5.788 <.001
stressed lexical - epenthetic 8.60 1.447 5201 5.948 <.001
stressed lexical - intrusive 23.58 1.194 4856 19.741 <.001
stressed derived - unstressed lexical 28.35 1.098 4949 25.833 <.001
stressed derived - epenthetic 31.35 1.353 4820 23.166 <.001
stressed derived - intrusive 46.32 1.221 5043 37.931 <.001
unstressed lexical - epenthetic 3.00 1.134 5086 2.641 0.063
unstressed lexical - intrusive 17.97 0.796 5199 22.586 <.001
epenthetic - intrusive 14.98 1.278 5163 11.719 <.001

27 Corresponding model code in R: lmer(duration ~ vowel_type + (1| partici-
pant) + (1| word) + (1| recording_device), data = data).
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Stressed lexical vowels (M = 83.3, SD = 21.3) were significantly 
longer than stressed derived vowels (M = 75.2, SD = 16.2), which 
were longer than unstressed lexical (M = 55.3, SD = 24.3) and epen-
thetic vowels (M = 41.3, SD = 13.6). Epenthetic vowels were signifi-
cantly longer than intrusive vowels (M = 31.9, SD = 14). Figure 46 
shows the distribution of vowel duration for each vowel type and 
illustrates the pattern described above.

Figure 46: Boxplots showing vowel duration in milliseconds as a function  
of vowel type (stressed lexical, stressed derived, unstressed lexical, epenthetic, 
intrusive). Stressed vowels are shown in pink in the two boxplots on the left 

and unstressed vowels in blue in the three boxplots on the right. 
Black crosses represent the mean for each category.

To take into account word duration, a separate linear mixed-effect 
model regression and Tukey post-hoc tests were conducted on vowel 
duration divided by word duration, following the same methodology. 
The model results revealed a very similar pattern, but in this case the 
post-hoc comparison between unstressed lexical and epenthetic 
vowels was clearly not significant (Estimate = 0.00463, SE = 0.00214, 
df = 4939, t-ratio = 2.159, p-value = 0.1957). This suggests that the 
difference in duration between these two categories is not robust.

5.1.  Effect of surrounding consonants on intrusive vowels
A separate analysis was conducted to investigate the effect of sur-
rounding consonants on intrusive vowels (N = 930). No distinction 
was made between consonants across or within word boundaries. 
Given the role of sonorants and gutturals on the presence of IVs 
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discussed in section 4, we predicted that IVs followed by a sonorant 
(N = 349) would be longer than IVs followed by an obstruent (N = 
581); we also predicted that a preceding guttural (N = 127) would 
lengthen IVs, compared to IVs not preceded by a guttural (N = 803). 
A linear mixed-effect regression model was built to investigate the 
effect of following consonant class (obstruent vs. sonorant) and pre-
ceding consonant class (guttural vs. non-guttural) on IV duration. 
Random factors consisted of participant and word intercepts, follow-
ing the first model.28 Deviation coding was used for the two fixed 
factors in order to examine main effects. There was a significant effect 
of following consonant class, indicating that IVs followed by sono-
rants were significantly longer than those followed by obstruents 
(Table 5). This effect was modulated by a significant interaction.

Table 5. Results of linear mixed-effect model on IV duration.

Estimate Std. Error df t-value p-value

Intercept 33.792 1.806 15.496 18.711 <.001
Following C -6.539 1.917 262.872 -3.412 <.001
Preceding C -2.674 1.911 263.405 -1.400 0.163
Following C* 
Preceding C

-12.881 3.833 264.114 -3.361 <.001

Post-hoc Tukey tests with the emmeans package showed that when 
followed by an obstruent, IVs are shorter when preceded by a guttural 
(Estimate = -9.12, SE = 2.66, df = 277, t-ratio = -3.422, p-value = 
<.001), than when they are not preceded by a guttural. However, a 
preceding guttural does not affect duration when IVs are followed by 
sonorants (Estimate = 3.77, SE = 2.78, df = 289, t-ratio = 1.353, 
p-value = 0.177). Figure 47 illustrates this pattern. IVs followed by 
obstruents when not preceded by gutturals are shorter (M = 26.9, SD 
= 10.8), compared to IVs followed by obstruents and preceded by 
gutturals (M = 34.3, SD = 10.9), IVs followed by sonorants and 
preceded by gutturals (M = 36, SD = 12) and IVs followed by sono-
rants and not preceded by gutturals (M = 39.5, SD = 16).

28 Corresponding model code in R: lmer(duration ~ following_consonant_
class*preceding_consonant_class + (1| participant) + (1| word), data = filter(data, 
vowel_type == “IV”)).
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6.  Conclusion 

This paper has presented a descriptive and quantitative analysis of 
epenthesis and vowel intrusion in Central Dhofari Mehri. Epenthetic 
and intrusive vowels exhibit the properties predicted by Hall (2006, 
391), provided in the introduction and repeated below.
Properties of phonologically visible inserted vowels (epenthetic 
vowels):
a.	 The vowel’s presence is not dependent on speech rate;
b.	 The vowel repairs a structure that is marked, in the sense of being 

cross-linguistically rare. 
Properties of phonologically invisible inserted vowels (intrusive 
vowels):
a.	 The vowel generally occurs in heterorganic clusters;
b.	 The vowel is likely to be optional, have a highly variable dura-

tion, or disappear at fast speech rates;
c.	 The vowel does not seem to have the function of repairing illicit 

structures. The consonant clusters in which the vowel occurs may 
be less marked, in terms of sonority sequencing, than clusters 
which surface without vowel insertion in the same language.

Figure 47: Boxplots showing IV duration in milliseconds as a function of 
surrounding sonorant class (followed by obstruent, followed by sonorant). 

IVs preceded by gutturals are shown in blue on the right for each pair 
of boxplots and IVs not preceded by gutturals in pink on the left for each pair 

of boxplots. Black crosses represent the mean for each category.
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In Mehri, both epenthesis and vowel intrusion are affected to differ-
ing degrees by the phonotactics of the language. However, while 
epenthesis is motivated principally by constraints on syllable struc-
ture, vowel intrusion is motivated wholly by the phonotactics of the 
language. We show, contra Johnstone (1987) and others (e.g. Rubin 
2010, 2018), that excepting cases in which C1C2 form an indivisible 
unit, epenthesis in C1C2C3 clusters in Central Dhofari Mehri occurs 
to the left of the unsyllabified consonant (C2), like in Arabic VC-
dialects (Kiparsky 2002), resulting in stress opacity. In terms of vowel 
intrusion, for an intrusive vowel to surface, at least one of C1 or C2 
needs to be ‘unbreathed’ (cf. Ridouane & Fougeron 2011 and Rid-
ouane & Cooper-Leavitt 2019 for Tashlhiyt Berber). Intrusive vowels 
are highly variable in duration, depending on the consonantal envi-
ronment, position in the word, number of syllables in the word, rate 
of speech and the individual. Impressionistically, epenthetic vowels 
also vary in duration depending on consonantal context, speech rate 
and the individual. Within our database, however, intrusive vowels 
exhibit an overall duration that is significantly shorter than that of 
epenthetic vowels. One crucial difference between epenthetic and 
intrusive vowels lies in the fact that epenthetic vowels are recognized 
as syllable heads by native speakers, while intrusive vowels are not. 

Impressionistic work with Shehret speakers suggests that intrusive 
vowels are acoustically present, but, as for our Mehri speakers, are not 
recognised as syllable heads by native speakers. Beyond that, the rela-
tionship between epenthesis and vowel intrusion has yet to be 
explored in other MSAL or, indeed, in many other Semitic languages, 
and would prove a fruitful area for future research. Our examination 
of surrounding place and manner of articulation on vowel duration 
in this paper is exploratory. Further research is needed to see whether 
the results shown here can be replicated in an investigation of further 
data from Mehri and the other MSAL. An exploration of reasons 
behind surrounding consonants affecting vowel duration may be 
shown to have implications for phonetic theory more generally. 
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