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Abstract — Retroflex consonants represent a major class of language sounds, but our
understanding of their phonetic and phonological properties remains limited. From the
standpoint of acoustics, recent contributions are largely lacking. Few fully fledged empirical
descriptive studies have been made available to establish their presence and characteristics in
the world’s languages. Within retroflex consonants, liquids and nasals are particularly rare, and
very little descriptive, theoretical, or historical research has been conducted on them. Bantu
languages from Africa are not included in most large-scale surveys. Recent fieldwork in the
Mai-Ndombe Province of the Democratic Republic of Congo (DRC) in Central Africa confirms
the existence of nasal retroflexes in North Boma (Bantu B82). This paper offers the first
acoustic description of these rare nasal segments in any Bantu language. North Boma nasal
retroflexes are shown to constitute a discrete class within the language’s nasal inventory.
Compared to their non-retroflex counterparts, they are significantly shorter; they also display
spectral energy concentrated in the lower frequencies around their centre of gravity, more
peaked energy concentrations, higher values of F1 and F1 bandwidth, and lower values of F2
bandwidth. Furthermore, we reconstruct the historical development of nasal retroflexes in
North Boma and show that they are the regular outcome of the merger of Proto-Bantu *n and
*nd to /n/ in stem-medial position. We hypothesise that retroflexion might be a phonological
substrate feature originating in extinct non-Bantu languages once spoken by Batwa
communities living and foraging in the region or by Ubangi speech communities now only
attested further north. This contribution showcases how detailed phonetic documentation and
description are an asset for historical research.

Key words: phonetic documentation, acoustics, retroflexion, nasality, Bantu, diachronic
phonology, substrate interference



1. Introduction

Retroflex sounds are a class of language sounds often described by their articulatory property
of being produced with the tip of the tongue ‘curled up to some extent’ (Ladefoged &
Maddieson 1996: 25). The term ‘retroflex’ has long served as a descriptor for this specific
tongue gesture (since at least Pike 1943; see also Dixit 1963, 1990: 190, and the literature
reviewed therein). While this definition is not circumscribed to any one place of articulation,
the notion that a contrast exists in a number of languages between retroflex and non-retroflex
apical consonants led to the further specification of retroflexes as apical post-alveolars, thereby
effectively treating the label ‘retroflex’ as that of a specific place of articulation (in line with
IPA 1925/7; see Ladefoged 1971, Bhat 1974), albeit one with great cross-linguistic, and
possibly idiolectal (see Catford 1968: 310), variability. This variability is expressed in terms of
(1) tongue-tip position (apical to sub-apical, see Ladefoged & Maddieson 1996, infra) and (ii)
nature of the gesture employed (Ladefoged & Bhaskararao 1983).

The observation that retroflex sounds are subject to considerable cross-linguistic
variation dates as far back as Firth (1948), with notes on Urdu by Qadri (1930) (see also Dixit
1990, Simonsen, Moen & Cowen 2000). In the literature, the link between retroflexion and
retraction has been the object of considerable debate. While originally rebutted by Bhat (1973,
1974), based on remarks by Emeneau (1939) on the vowel system of Dravidian Badaga from
India, Hamann (2002) formalises this link as a monodirectional implication, meaning that all
retroflex sounds would necessarily be retracted, but not vice versa. Building on this premise,
Hamann (2003) proposes that the actual ‘curling back’ of the tongue tip is not a necessary part
of retroflex articulations, which would be better described by the following properties: apicality,
posteriority, presence of a sub-lingual cavity throughout the articulation, and retraction
(Hamann 2003: 32-39; see Flemming 2003, Boersma & Hamann 2005 for further discussion
on this point).

This contribution represents the first description of nasal retroflex stops (henceforth,
nasal retroflexes) in North Boma (Bantu B82),! a West-Coastal Bantu language spoken on the
fringes of the Congo basin rainforest in southwestern Democratic Republic of Congo (DRC).
Nasal retroflexes were first reported in North Boma by Stappers (1986). Between 2021 and
2022, we conducted specific data collection to verify the presence of nasal retroflexes in the
language. The interest of this line of research lies at the intersection of two issues.

First, North Boma retroflexes are exclusively nasal, which is an almost unique
typological situation. The presence of a phonemic retroflex flap in North Boma is documented
by Stappers (1986) but remains dubious based on our own data. Whenever sporadically present,
retroflex flaps seem to be free variants of intervocalic laterals and trills in North Boma (see
Section 3). Nasal retroflexes constitute the rarest class of retroflex consonants in the world’s
languages (Tabain et al. 2016, 2020). Out of 399 languages reported to have a nasal retroflex
in their phonological inventory in the PHOIBLE database (Moran & McCloy 2019), only 43
(mostly from northern and western Australia) present inventories without any obstruent
retroflexes, and only 2 (namely Syan or Saya, a Chadic language of Nigeria, see Schneeberg
1971; and Mandara or Wandala, another Chadic language spoken in Cameroon and Nigeria,
see Fluckinger 1981) display a nasal as their sole retroflex phoneme. A detailed study of the
acoustic properties of nasal retroflexes will allow us to compare available results in the
literature (Hussain et al. 2017, Tabain et al. 2020), mostly drawn from languages outside Africa,
with new information from one of the most severely under-documented linguistic areas of the
planet (Hammarstrom 2016), to formulate preliminary hypotheses for future empirical research

! As per Guthrie’s (1971) referential classification, as updated by Maho (2009).
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in the field, and to lay the groundwork for further articulatory studies to be conducted with the
necessary instrumental equipment.

Second, North Boma is spoken in the Mushie territory of the Mai-Ndombe Province of
the DRC, north of the Kwa and Mfimi Rivers. The reason why this is interesting is that, while
retroflexion itself is not documented in the immediate vicinity of the area where North Boma
is spoken, retroflex flaps can be found in the Bantu Lotwa languages of eastern Mai-Ndombe’s
last surviving foraging communities (Motingea 2010, Maselli 2024). These relic groups, often
referred to as ‘Pygmy’ or ‘Batwa’,? are generally considered the descendants of ancestral
hunter-gatherers who inhabited the area before the advent of Bantu speakers (Saidi Hemedi et
al. 2012: 3). Nowadays, all Mai-Ndombe Batwa speak Bantu languages; they are presumed to
have shifted to Bantu and to have abandoned their own original languages, which supposedly
belonged to one or more unrelated and no longer extant language families (Bahuchet 2012).
The occurrence of retroflexion in hunter-gatherer languages is consistent with earlier accounts
by Vorbichler (1966/7), who reports retroflex flaps in Efe, a Central Sudanic (Nilo-Saharan)
language spoken by Bambuti foragers in the Ituri forest (northeastern DRC). A pre-Bantu
‘forest substrate’ (Mohlig 1981, Pacchiarotti & Bostoen 2020, 2022, Motingea 2021) has
already been hypothesised to explain specific phonological features of the Bantu languages of
West-Central Africa, which are geographically less widespread but linguistically more diverse
than their relatives further east and south (Bostoen 2018). The North Boma case is of particular
interest as it could provide new information on retroflexion as another possible substrate feature.

This paper aims to offer an exploratory acoustic description of nasal retroflexes in North
Boma. More specifically, it provides as complete a phonetic examination of the available data
on North Boma nasal retroflexes as possible, given the following limitations: first, the scarcity
of the available data, and second, the lack of balance in our small corpus. The present
contribution is organised as follows. In Section 2, we present an overview of documentary
efforts on retroflex sounds in the world’s languages. In Section 3, we present a concise
overview of North Boma phonology. In Section 4, we describe the technical and environmental
aspects related to the data collection and processing phase of our research. In Section 5, we
offer an acoustic analysis of North Boma nasal retroflexes and adjoining vowels, and discuss
this in the context of the relevant literature on the acoustic correlates of nasal retroflexes in the
world’s languages. In Section 6, we present a historical-phonological account for the
development of phonemic nasal retroflexes in North Boma. In Section 7, we discuss phonetic
and historical phonological findings. Section 8 concludes the article.

2. Documentation of retroflex sounds in Africa and beyond

Several phonological accounts of the properties of retroflexes are present in the literature. A
few language-specific phonetic studies (acoustics, articulation, etc.) are also available. Firth
(1948) presents palatograms from Marathi (Indo-Aryan), while Svarny & Zvelebil (1955)
display palatograms, linguograms, and X-rays of retroflex consonants in several Indian
languages, with special focus on Tamil. Other contributions are available on a wide array of
languages of India (Heegard & Meorch 2004, Arsenault & Kochetov 2011, Kochetov et al. 2020,
Hussain & Mielke 2021 on Kalasha, Indo-Aryan; see also Morgenstierne 1973, Ohala 1994,

2 Both ‘Pygmy’ and ‘Batwa’ are exonyms, and neither is altogether exempt from negative connotations in present-
day politico-linguistic discourse (Woodburn 1997, Lewis 2006). We will use ‘Batwa’ as the more neutral of the
two. This is a term which Bantu speakers across the continent use to refer to what they consider to be
autochthonous groups, not only in Central Africa, but also in Southern Africa (Schadeberg 1999). ‘Batwa’ is the
plural of ‘Mutwa’; a language spoken by Batwa is called ‘Lotwa’ in Mai-Ndombe, with the noun class prefix /o-
(class 11), commonly used for glossonyms in the Bantu languages of the region. Elsewhere, such languages are
sometimes referred to as ‘Kitwa.’



Spaji¢, Ladefoged & Bhaskararao 1996, Dart & Nihalani 1999, Hussain et al. 2017, Smith et
al. 2013a,b, Kochetov, Faytak & Nara 2019), South-East Asian languages (Qiuwu 2001,
Michaud 2006, Thurgood 2009), and Norwegian (Simonsen, Moen & Cowen 2008, Stausland
Johnsen 2012, 2013). Numerous fine-grained phonetic analyses are available on several
Australian languages (Dixit 1990, Butcher 1995, Hamilton 1996, Tabain 2009, Fletcher,
Loakes & Butcher 2014, Tabain & Beare 2016, 2017, Tabain et al. 2016, 2020).

However, to this day, comparatively few studies have been conducted on retroflexes in
African languages. Bhat (1973) treats what he calls ‘Central Africa’ as a ‘major retroflex area’:

Another major retroflex area is central Africa -- coast to coast from Guinea to Somali
Republic, and Tanzania. Languages belonging to different families and stocks spoken in this
area such as SHERBRO (WEST ATLANTIC); EWE and BINI (KWA); HAUSA (CHAD);
KANURI (SAHARAN); BAGIRMI, MORU, BIRRI, BONGO, LUGBARA and DAIR
(SUDANIC); BERTA; BEDAUYE, GOLLA, and SOMALI (CUSHITIC); WELAMO
(OMOTIC); KONDE and MOMBASA SWAHILI (BANTU) are reported to have
retroflexed sounds. (Bhat 1973: 14; capitals in the original)

The author does, however, go on to specify that retroflexion is ‘not a prominent feature in most
of the languages of this area’ (same page; see similar remarks by Ladefoged 1964: 18,
Ladefoged & Maddieson 1996: 25f).

Within the Niger-Congo phylum, Merrill (2022) offers a survey of the occurrence of
voiceless rhotic/retroflex consonants in Atlantic and posits that a sound similar to [t] or [{s]
likely goes back to the most recent common ancestor of these languages. Outside Atlantic,
Laver (1994: 222) mentions the presence of ‘voiced alveolar retroflex flapped stops’ in Gbaya
(Ubangi, Sudan;? see also Lekens 1952, Samarin 1959, Walker & Samarin 1997) and Shona
(Bantu S10, Zimbabwe).

Within Bantu, which is considered a low-level offshoot of Niger-Congo’s Benue-
Congo subunit, besides Shona, the diachrony of non-nasal retroflex stops in Kizigua (Bantu
G311, Somalia) has been studied by Tse (2013, 2015); another relatively well-documented case
is that of retroflex/flapped consonants in Kinyarwanda (Bantu JD61, Rwanda), for which
acoustic, articulatory, and phonological accounts are available (Sibomana 1974, Kimenyi 1979,
Walker & Mpiranya 2006, Walker, Byrd & Mpiranya 2008). In some western and northern
Bantu languages of the Equateur Province and greater Bandundu region of the DRC (Motingea
2010: 205; earlier accounts of a similar phenomenon in northeastern DRC can be found in
Vorbichler 1966/7), the flapped/retroflex realisation of laterals, rhotics, and occasionally
alveolar stops has been attributed to the presence of an alleged hunter-gatherer substrate
(Mohlig 1981) based, among other circumstances, on the fact that lateral flaps are commonly
used as free variants of intervocalic laterals by rainforest hunter-gatherer groups (Maselli 2024;
see above). However, no detailed phonetic studies of this phenomenon are available. To the
best of our knowledge, there are no acoustic studies of retroflex sounds in any Bantu language
of the DRC besides the one presented here, and very few are available from other corners of
the Bantu domain (see references above).

3. North Boma phonology

In the lexicon-based phylogeny of Pacchiarotti et al. (2019: 185-189), North Boma constitutes,
along with Tiene (Bantu B81), Mpe (B821), and Nunu (B822), a discrete subclade called Kwa-

3 It is unclear what variety of Gbaya Laver is referencing here, based on Westermann & Ward (1933: 76), but
none are spoken in Sudan today. It is likely that Laver’s information is about speech communities in present-day
Central African Republic.



Kasai North within the Kwilu-Ngounie subbranch of West-Coastal Bantu, itself a major branch
of the Bantu family also known as West-Western Bantu (Grollemund et al. 2015, Koile et al.
2022). A schematic representation of the main phylogenetic groups within West-Coastal Bantu
is given in Figure 1. Nasal retroflexes were also found in Nunu. However, due to insufficient

data, we do not report on them in this contribution.
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Figure 1 — Phylogenetic branches and subgroups within West-Coastal Bantu after Pacchiarotti et al. (2019) and

de Schryver et al. (2015)

In Table 1 below, we present the consonantal inventory of North Boma as proposed by Stappers
(1986: 1), the first to report the presence of nasal retroflexes in the language, with some
modifications based on the data we collected during two fieldwork missions in 2021 and 2022
(see Sections 4 and 6); note that preN stands for ‘prenasalised’.

labial labiodental alveolar retroflex palatal velar uvular
nasal m n n n 1
lateral 1
Slap s t
plosive p b t [d] c J k
preN plosive mp mb nt nd nc 3 nk  ng
fricative f A% s z B
preN fricative mf mv ns nz
affricate tf dv kf gv
preN affricate ntf ndv nts ndz pkf pgv
approximant j w

Table 1 — Consonantal phonemes of North Boma according to Stappers (1986: 1) with our own addition of
prenasalised obstruent series and the flap /r/

According to Stappers (1986), all consonants in Table 1 are phonemic except [d], which is an
allophone of /I/ when preceded by a nasal. This observation is fully confirmed by the data we



collected in 2022. Based on our data, /{/ appears to be a free variant of intervocalic /1/ and /c/,
the latter of which is not present in Stappers’ consonantal inventory.

Stappers (1986) states that /g/ occurs only after /»/. This is again confirmed by our own
fieldwork data and in line with the fact that all languages belonging to the West-Coastal Bantu
branch of which North Boma is part underwent a merger whereby Proto-Bantu (PB) *g and *k
merged to /k/, except in contexts where *g was preceded by a homorganic nasal (see
Pacchiarotti & Bostoen 2020 for a detailed account of this diachronic sound change). Post-
nasally, the voicing contrast between *k and *g was preserved. For this reason, in Table 1, we
included /ng/ instead of /g/ in the list of prenasalised plosives. In our data, we also find evidence
for prenasalised fricatives and affricates, as can be seen in Table 1. All prenasalised obstruents,
absent from Stappers’ (1986) consonantal inventory, occur exclusively in stem-initial position.
Like many other northwestern Bantu languages and Niger-Congo languages more generally,
North Boma shows stem-initial prominence (Hyman 1998, 2008, Lionnet & Hyman 2018,
Hyman et al. 2019: 196). This is visible, among other things, in the fact that only /m/, /n/, //,
/8/, /t/, /1/, /t/, and /n/ can occur in C; position in North Boma in a C;V1C2V; template (where
C stands for consonant and V for vowel), while all consonants in Table 1 with the exception of
/n/ and /¥/ can occur in C; position.

The phonemic status of /n/ is confirmed by (near-) minimal pairs such as those in (1).

(1) a. ¥/n.  mwa:ga ‘year’
mwa:na ‘child’
b. m/n. yk:ama ‘hundred’
pk:ana ‘1 dance’

Stappers (1986: 4) provides contrasts for /n/ vs. /n/ in C; position with the minimal pair ekani
‘we had wished’ vs. ekdni ‘we had danced.” This pair as well as all others present in Stappers
have been confirmed by our main consultant, the late Léon Mabwakha ma Bonkako, whose
memory we wish to honour with the present contribution (see Acknowledgments). Nonetheless,
there are very few words in the North Boma variety described by Stappers (1986), which
appears to be nearly identical to the one spoken by Léon Mabwakha ma Bonkako, where /n/
occurs in C; position within a C1ViC,V2(C3V3) template. This is because, as we show in
Section 6, most PB *n and *nd in C; position merged into /n/ in North Boma.

4. Data collection and processing

The data used for the phonetic analyses presented in this venue (available on OSF:
https://osf.io/cmezd/?view_only=a0465124c79a4782bad819a830d21f0e) were collected by
the first and third authors between June and July 2021, on a field mission to the Mai-Ndombe
Province of the DRC. Data collection took place in Nioki (-2.72037, 17.69001), in the southern
part of Mai-Ndombe; see Map 1.*

4 Following the constitutional reform of 2006 (with subsequent modifications, or ‘repartitioning,” in 2015), the
DRC’s local governance has been organised into a variety of hierarchical levels of administration (Province >
territory > sector/chiefdom > grouping > village). Despite its relatively low level in this hierarchy, Nioki (part of
the Kutu territory) represents the second-largest economic centre in the Province, and by far its second most
multilingual municipality (after Inongo, the provincial capital), which is why several North Boma and Nunu
speakers could be found and interviewed there.
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Map 1 — The Mai—Ndbmbe Province of the DRC with consultants’ locations

The authors recorded word lists, including basic Swadesh-100 lexical items, sentences, and
free connected speech, with three local consultants. Additional data were collected at a later
stage by the last three authors during a mission in Kinshasa in August 2022 through elicitation
with the late Léon Mabwakha ma Bonkako. Elicited materials in 2022 included a list of
approximately 800 words. An overview of the relevant information on the four speakers is
provided below, with their places of birth indicated on Map 1:

- Subject A: 35 years, male, first language: North Boma, place of birth: Mbali (a.k.a.
Mbali-Iboma, -2.38, 17.29), mother’s place of birth: Mbali, father’s place of birth: [zana
(possibly Izono,> -2.60, 17.56);

- Subject B: 37, male, North Boma, place of birth: Bobala (-2.56, 17.52), mother’s place
of birth: Bobala, father’s place of birth: Izono;

- Subject C: 50, male, North Boma, place of birth: Mushie (-3.02, 16.92), mother’s place
of birth: Mushie, father’s place of birth: Mushie;

- Léon Mabwakha ma Bonkako (no pseudonymisation provided): 80, male, North Boma,
place of birth: Bopaka (-2.49, 17.36), mother’s place of birth: Bopaka, father’s place of
birth: Bopaka.¢

Recording sessions took place indoors, in a relatively quiet environment with no echo
discernible in the background. Part of the data was recorded on Roland R-26 and Zoom H-5
devices with their built-in directional microphones, and the rest on the same Roland R-26

5 Izono is organised into four de facto semi-independent villages. No further information could be retrieved from
our consultant as to the exact origin of his father.

® The fact that all speakers are male is merely an accident of circumstance and does not reflect language
endangerment in any way.



device with an external plug-in omnidirectional microphone (Saramonic Lavalier Microphone
SR-XLM1) clipped onto the speakers’ clothes (sideways from the mouth). The sampling rate
was kept at 44.1 kHz; maximum input, whenever verifiable, was set at 75% to minimise
clipping; depth was set at 24 bits. The data were then imported into Praat (Boersma 2001) for
annotation and analysis. Annotation and transcription of the data collected in 2021 were carried
out by the first author and checked against preliminary descriptions of the sounds of interest
by Stappers (1986). The transcription of the data collected in 2022 was carried out by the fourth
author, and phonetic annotation of the relevant segments was performed by the first author.
The relevant acoustic variables (duration, formant, and spectral moment values; see below)
were semi-automatically extracted from Praat by dint of a script specially written by the second
author.

Formant values were sampled at 10%, 30%, 50%, 70%, and 90% of the duration of the
segments of interest, i.e. nasals and adjacent vowels. Both consonants and vowels were
considered given that key cues to consonant acoustics can be found in segment transitions (see,
among others, Catford 1977, Johnson 2012). We extracted F1, F2, F3, and F4 median values
with their relative bandwidths, average bandwidth over F1 to F4, as well as F1 and F2 onset
and offset slopes (for vowels: offset slopes for pre-consonantal, and onset slopes for post-
consonantal ones). Onset slopes were calculated as a function of F1/F2 formant values at 50%
of the total duration of the sound of interest minus the same value at the 10% temporal mark,
divided by 40% of the total duration of the sound. Conversely, offset slopes were calculated as
formant value at 90% minus formant value at 50% on 40% of the segment’s total duration:

Onset slope = Formant value at 50% of the total duration of the sound of interest — Formant value at 10%
Total duration of the sound of interest * (40/100)

Offset slope = Formant value at 90% of the total duration of the sound of interest — Formant value at 50%
Total duration of the sound of interest * (40/100)

Formant transitions have been the focus of a lot of research on coronal oppositions, especially
in relation to retroflexion (Halle, Hughes & Radley 1957, Delattre, Liberman & Cooper 1962,
Butcher 1995, Iskarous, Fowler & Whalen 2010, Rhone & Jongman 2012). In particular, a
lowered F3 both on the vowel preceding the sound and on the first part of the sound itself is
considered an indicator of retroflexion (Steriade 1995, 2001a, Tabain 2009, 2011, 2012). F4 is
also, to some extent, affected by the same phenomenon and a lowered F4 has been associated
with retroflex articulations (Hussain et al. 2017). Importantly, Tabain et al. (2016, 2020) found
F3 to be the most relevant correlate to retroflexion in the Australian languages that they
surveyed, but they described the contrast between retroflexes and other coronal articulations as
comparatively weak in their pool. Retroflexes also appeared to pattern with other coronals in
terms of bandwidth values for F1-F4, which the authors took to suggest coronals undergo less
acoustic damping than other nasals.

Less attention has been paid to spectral moments as cues to articulatory configurations
of the vocal tract in the production of retroflexes (Tabain et al. 2016, Themistocleous, Fyndanis
& Tsapkini 2021). Spectral moment values correspond to a sound’s centre of gravity, standard
deviation, skewness, and kurtosis (Forrest et al. 1988, Nittrouer 1995, Tanner et al. 2005, Li,
Edwards & Beckman 2009, Schindler & Draxler 2013). In spectral moment analysis, the
sound’s power spectrum is treated as a probability distribution and its mathematical moments
are calculated accordingly (Li et al. 2009: 3), as shown in Figure 2.
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Figure 2 — Centre of gravity (u), standard deviation (o), skewness, and kurtosis of a probability distribution. A =
normal distribution, with corresponding p and o; B = positively skewed distribution and corresponding shift in
mean (dotted vertical line); C = peaked distribution with positive kurtosis (source: Tanner et al. 2005)

Spectra displaying one dominant mode tend to exhibit a negative correlation between the first
moment (centre of gravity) and the resonant cavity’s length, offering a rough indication of
constriction position. The second spectral moment (standard deviation) serves the primary
purpose of distinguishing between a broad, dispersed spectrum and sharper, more concentrated
energy distributions. The third spectral moment (skewness) correlates to articulation placement.
Broadly, a positive value suggests an accumulation of energy in the lower frequencies below
the mean. The fourth spectral moment (kurtosis) can help distinguish tongue posture
differences with higher tongue positions leading to higher kurtosis, in turn contributing to
alterations in the spectral shape’s peak concentration (see Li et al. 2009: 3). Spectral moment
analysis has been applied most profitably to the study of noisy spectra such as those of fricatives;
in the case of nasals, spectral moment analysis has been used most recently by Tabain et al.
(2016), though their study is limited to centre of gravity and standard deviation. We believe
that, given the nature of our corpus and the suboptimality of acoustic data collection in field
settings, spectral moment analysis is better suited than other, traditional methods of nasal
spectrum analysis (Recasens 1983), such as antiformant analysis, to provide a preliminary
description of nasal retroflexes in North Boma.

Spectral moments were calculated differently for vowels and consonants. For vowels,
the analysis range was set at 0 to 5,000 Hz,” and for consonants at 1,000 to 5,000 Hz (in a way
similar to Tabain et al. 2016). This is because, in voiced consonants, energy concentrations
lower than 1,000 Hz essentially correspond to voicing, and the aim of moment measurements
is rather to capture place of articulation (i.e. features of the supralaryngeal tract). On the other
hand, in the case of vowels, information related to F1 is typically located below 1,000 Hz,
which justifies the range selection mentioned above. Vowel and consonant values are never
compared directly in this study, which allows for the adoption of two different set ranges.

For the purposes of this contribution, spectral moment values were sampled at 10%,
50%, and 90% of the duration of the segments of interest. We obtained average formant and
spectral-moment values for the whole segment (from 10% to 90% of the duration). Spectral
moments were calculated in two separate ways:

" To account for potential Direct Current (DC) offset, the first 100 Hz were filtered out using a Hann band-pass
filter.



- Over the entire segment. This method is largely inspired by DiCanio’s (2021) script,®
based (among others) on Shadle (2012) and Forrest et al. (1988). This method was
originally developed for fricatives. It involves: (i) analysing the central 80% of the
consonant by calculating several spectra over consecutive windows within this larger
80%-duration window, and then (ii) averaging the spectra before measuring the
moments: “Within time-averaging, a number of DFTs [discrete Fourier transforms] are
taken from across the duration of the fricative. These DFTs are averaged for each token
and then the moments are calculated. The analyzed duration of the fricative is always
equivalent to the center 80% of the total duration, cutting off the transitions” (DiCanio
2021). Analysis parameters were adjusted to account for duration variations across the
corpus, which contains very short segments (retroflex: average approx. 50 ms = 20) and
others over twice as long (other consonants: average approx. 110 ms £ 55). Thus, the
number of windows used to calculate the spectra equals 5 windows of 15 ms each. In
practice, if the segment was 110 ms, we discarded the first 11 and the last 11 ms, which
results in 5 almost consecutive windows of 15 ms (inter-window signal portions of 3
ms were not analysed). If the segment was shorter, windows were permitted to overlap
up to a maximum of 50% of their duration (to avoid overanalysing the central portion
of the segment), which accounts for segments down to 45 ms;

- In a single window positioned at specific points of the segment. This second method is
based on Tabain et al. (2016): a 20-ms window centred around the middle portion of
the segment, with analysis over a frequency range of 1,000 to 5,000 Hz (for consonants).
The main difference from Tabain et al.’s (2016) previous method is that we performed
the measurement of spectral moments directly via Praat’s algorithm. Note that, unlike
Tabain et al. (2016), we also adopted the same procedure at 10% and 90% of the
segment’s total duration, both for vowels and consonants. For segments shorter than
100 ms, this includes a very short portion of the adjacent segment in the relevant
window. For example, in the case of a nasal segment of 50 ms, centring our analysis
window around 10% of the sound’s duration (i.e. at 5 ms from the start of the segment),
our analysis would start at -5 ms (5 ms before the segment boundary, or the last 5 ms
of the preceding vowel) and end at +15 ms. Given that (i) we want to capture transition
effects, and (ii) the values remain very small, roughly overlapping manual segmentation
error (5 ms), we hold this is an acceptable trade-off for a method which is overall better
tailored to our specific needs.

b

It should be mentioned that the way values were measured for ‘duration’ and ‘spectral moments
might risk obfuscating the effect of place of articulation on the phonetic realisation of the
sounds at hand. This is because nasal retroflexes and non-retroflexes mostly occur in different
contexts where duration differences are expected irrespective of place of articulation.
Additionally, spectral moments are sensitive to lots of different factors, such as background
noise and how much vowel is included in the measurement window, which might compound
the duration issue. In order to address these points, modified versions of the dataset were
produced, one balanced for duration (i.e. only including observations with duration values
lower than 0.1 s) and one without spectral moment values (see below, Section 5.3).

The datasets resulting from the extraction of the parameters listed above were then
imported into R and RStudio (RStudio Team 2019, R Core Team 2020), for the purposes of
statistical analysis and modelling (including the production of all relevant graphs and averaged

8 Available at https://www.acsu.buffalo.edu/~cdicanio/scripts/Time_averaging_for fricatives 4.0.praat. Version
nr. 4.0, updated in 2021.
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Fast Fourier Transform, or FFT, spectra) and mined with FactoMineR (L€, Josse & Husson
2008).

5. Acoustic characteristics of nasal retroflexes in North Boma

5.1 Preliminary observations — Broadly speaking, clear spectral cues to tease retroflex and non-
retroflex nasal sounds apart in North Boma are scarce. However, a few preliminary
observations can be drawn from the comparison of word-internal nasal oppositions as shown
in Figure 3 with [inérta] ‘eight.’

0 0.573151927

i
=

0 0.5732

0.573151927

0
5000

(b
AL ERRRRRRRARANMAA

P isinissiniiiiiisiil WAL LEELELELELL]

Frequency (Hz)

Time (s)

inana

Figure 3 — Oscillogram, spectrogram, and segmentation of one repetition of the word [inana] ‘eight’ as produced
by Subject C; audio file available on OSF (name: Figure 3 audio)

The retroflex segment is considerably shorter than the alveolar; this is compatible with our
understanding of transient articulations such as those of flaps and taps (see Laver 1994: 221-
227, Bickford & Floyd 2006: 141-142, Warner et al. 2009, Derrick & Gick 2011).” However,
effects of position may also come into play, with consonants in Cz position (see Section 6)
undergoing shortening (see below, Section 5.2).

? Following Bickford & Floyd’s (2006) indications, the articulatory difference between a nasal retroflex and a
nasalised flap ([n]/[f]) is minimal (possibly limited to segment duration and/or the presence of a flicking
articulation). It is worth mentioning that a similar descriptive problem is tackled tangentially by Thayer (1974:
212) in sketching a comparative phonology of Sara-Bongo-Bagirmi languages from the Central African Republic-
Chad-South Sudan border area; see also Bhat (1973: 30), Stevens & Blumstein (1975: 231-232), Harnsberger
(1998: 29, 56), Arsenault (2017: 24fn).
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In a handful of interesting cases, a high-frequency spike in intensity (circled in red in
Figure 4) can be observed in the spectrogram when a nasal retroflex occurs (especially in the
speech of Subject C).

0.184 0.0978

-0.110: -0.0672

Time (s)

0.63419765

NN

Frequency (Hz)
Frequency (Hz)

Time (s) Time (s)

kokfina mobiimo

Figure 4 — To the left: oscillogram, spectrogram, and segmentation of [kokfa:na] ‘to bury;’ to the right:
[mob:a:no] ‘expensive;’ both pronounced by Subject C (audio files available on OSF as Fig 4 — 1 audio and Fig
4 — 2 audio respectively)

This very short span of higher-frequency noise might indicate the presence of a transient
percussion, such as the one effected by the tongue against the palate in some flapped
articulations (see also Svarny & Zvelebil 1955: 390). However, we are dealing with a weak
indicator at best since it does not occur consistently across realisations.
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Figure 5 — Average duration of North Boma nasals (see below)

5.2 Descriptive statistics — A series of descriptive statistics was performed to summarise our
dataset (which includes [m], allophonic [m] in pre-labiodental position, [n], [n], [n] and [n]).!°

10 The relevant datasets are available on OSF (Data folder).
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Full results are displayed in the Appendix (part 2). On average, nasal retroflexes appear to be
markedly shorter than their non-retroflex counterparts (their length is roughly half that of the
other nasals; see Figure 5 above). This might be in keeping with our preliminary observation
(see above) that nasal retroflexes behave more like flaps than nasal stops.

This effect may also be enhanced by blurriness at the relevant segmental edges.
Considering that these sounds are particularly subject to internal changes in articulatory targets,
it becomes apparent that assigning clear-cut segmental boundaries can be complicated and
possibly result in the identification of a core section without its more coarticulated boundaries.

Figure 6 summarises averaged median formant and bandwidth values for the six nasal
places of articulation.
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Figure 6 — Averaged median formant values (horizontal lines) for six types of North Boma nasals with their
relative average median bandwidth (bars)

F2-F4 values appear to be lower for retroflexes than their non-retroflex counterparts; contrary
to our expectations, this effect is greater for F2 and F4 than for F3. Retroflex consonants’ F2
trajectories are expected to be largely language-dependent (Hamann 2003: 59). Since
articulatory predictions concerning the acoustics of retroflex sounds suggest that the presence
of a posterior articulation would result in raised F2 (via the insertion of a low-frequency
resonance between F2 and F3, see, e.g., Stevens 1998: 436ff), it can be hypothesised that nasal
retroflexes in North Boma are characterised by tongue retraction, resulting in lower F2 values,
more than by other cross-linguistically well-attested retroflexion mechanisms; see Dart &
Nihalani’s (1999) data on Malayalam. In turn, the inter-F3/4 spectral region in retroflexes has
often been claimed to be narrower than in other articulations (Stevens & Blumstein 1975: 219),
which would explain why F4 is more significantly lowered than F3.

F1 bandwidth values are higher for nasal retroflexes than for their non-retroflex
counterparts. This could be achieved through lengthening of both the front and back cavity,
which is compatible with a more perpendicular position of the tongue against the passive
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articulator (thereby minimising the tongue-palate contact area); if coupled with the notion that
F2 values tend to be lower on retroflexes than on their non-retroflex counterparts, this
observation points in the direction of a (sub-)apical alveolar articulation. A wide F1 bandwidth
has also been linked to more important acoustic losses in the nasal cavity, bringing F1 closer
to the fundamental frequency (Stevens 1998). Additionally, wider bandwidths are an indicator
of higher damping, which in turn could point to a tighter constriction in the vocal tract (Tabain
et al. 2016; notably, the authors found the opposite to be true in their sample of Australian
languages, see Section 7).

Figure 7 summarises spectral moment values in North Boma. Centre of gravity values
are lower for retroflexes than non-retroflexes, while the effect of standard deviation (SDev) is
less patent.
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SM4 (Kurtosis)
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B i
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Figure 7 — Average spectral moment values for six types of North Boma nasals (95% confidence interval);
centre of gravity and standard deviation are expressed in Hz, while skewness and kurtosis are dimensionless (see
Harrington 2010: 41)

Skewness and kurtosis values also distinguish nasal retroflexes from their non-retroflex
counterparts, with the former scoring higher average values than the latter. This is compatible
with higher (and more peaked)!! concentrations of energy in the spectral area below their
centroid frequency. In order to further illustrate this point, we computed averaged FFT spectra
across multiple windows within each segment; results are shown in Figure 8. This averaging
reduces the influence of transient fluctuations and provides a more stable representation of the
sound’s overall spectral shape. The script used to extract the information presented in Figure 8
was written by the second author and is available on OSF (FFT folder). As hypothesised based

! Skewness and kurtosis, the way they are defined above, are not entirely independent of one another; see the
following passage: ‘Skewed distributions are always leptokurtic [...]. Among the several alternative measures of
kurtosis that have been proposed (none of which has often been employed), is one which adjusts the measurement
of kurtosis to remove the effect of skewness [...]. There is much confusion about how kurtosis is related to the
shape of distributions [...]. It is easy to confuse low kurtosis with high variance, but distributions with identical
kurtosis can differ in variance, and distributions with identical variances can differ in kurtosis’ (Wuensch 2005:
3).
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on the preliminary descriptive statistics presented earlier in this Section, nasal retroflexes
display lower centres of gravity with higher energy, especially below their centroid frequency.
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Figure 8 — Averaged FFT spectra for six types of nasals in North Boma
(mean smoothed amplitude across all nasal segments, with ribbons for standard deviation)!?

5.3 Factorial analyses — A Multiple Factor Analysis (MFA) was performed on the dataset. MFA
is an extension of Principal Component Analysis (PCA). In order to understand how MFA
works, we first review the fundamentals of PCA. PCA is a dimensionality reduction technique
used to simplify complex datasets by transforming them into a new set of variables called
‘principal components.” These principal components are linear combinations of the original
dimensions. They are arranged in order of importance, with the first component explaining the
most variation in the data, the second component being the second most indicative, and so on.
In PCA terms, ‘dimension’ refers to the original variables or attributes that were used as input
data. Dimensions are defined as percentages of total inertia (a measure of the points’ weighted
spread), and their correlation to specific variables indicates to what extent those variables can
explain the percentage(s) of inertia they express. PCA aims to reduce these dimensions into a
smaller set of components, i.e. the principal components, that capture the essential information
in the data while minimising redundancy. These principal components are the new dimensions
explaining the structure of the data.

MFA is a factorial method specifically designed to analyse datasets where variables are
structured into groups. It is ‘tailored to handle multiple data tables that measure sets of variables
collected on the same observations’ (Abdi et al. 2013). In practice, MFA takes a set of

12 An interesting feature of these spectra, otherwise not highlighted by our research, is that the overall amplitude
of the nasal retroflex is higher than that of its non-retroflex counterparts. We do not have a conclusive explanation
of this phenomenon as yet, but can hypothesise that this is probably a side effect of kurtosis, with energy
concentrated below the centroid frequency raising the overall level. In addition, the sound’s transient, sometimes
non-continuous nature may also contribute to increased energy, a fact possibly reinforced by lower damping or
reduced turbulence due to shorter duration.
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observations described by a certain number of variables and yields a measure of the degree to
which each variable group (as opposed to individual variables) explains variance in the set (see
Abdi & Valentin 2007). Several sets of variables (continuous or categorical) are analysed in
two steps. First, a PCA is run on the quantitative variables (in our case, clustered into the
following groups: ‘duration,” ‘formant values,” ‘bandwidth values,” ‘slope values,” and
‘spectral moments’). Second, an estimate and p-value of the correlation between all
(supplementary) qualitative variables (in our case, ‘segment’ and ‘retroflexion’) and the
dimensions (principal components) produced by the first PCA are provided.

MFA is used when more than one set of variables has been measured for the same
observations. In our case, several sets of variables (both quantitative and qualitative, see above)
have been measured for the same individual observations (in this case, North Boma nasals).
Therefore, MFA allows us to see what quantitative variables best explain variance in the corpus,
and which of the two qualitative variables (‘segment’ and ‘retroflexion’) better describes the
North Boma nasal acoustic space — in other words, we aim to determine whether nasal
retroflexes constitute a compact and separate group from the other nasals of North Boma, and
what acoustic parameters best explain their difference from those other nasals.

MFA have also been conducted on slightly modified versions of the dataset, one
balanced by duration (i.e. only including observations with duration values lower than 0.1 s)
and one without spectral moment values (see Section 4).

For the purposes of this presentation, we will only comment on individual factor
maps; 3 these graphically represent each group of observations (average values) with the
extracted values for all the variable sets and its barycentre on the plane described by the two
top dimensions of the PCA. See, for example, Figure 9.
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Figure 9 — Individual factor map of the entire dataset

In Figure 9, an individual factor map is presented for the entire dataset (all consonants, all
duration values) with all variable groups. Each observation set (labelled in bold in Figure 9) is
connected to small, coloured squares (at the end of every dotted line) representing its average
value for the five variable group measurements of interest; the label itself is placed at the
barycentre of these average values on the plane. The plane is defined by the first two principal

13 Other graphs are made available on OSF, see MFA folder.
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components (here, dimensions 1 and 2)'* of the PCA. As can be seen, retroflex and non-
retroflex segments constitute two separate groups with very distinct acoustic characteristics.
Along the dimension 1 axis, which accounts for around one fourth of the dataset’s total inertia
(in other words, it explains one fourth of the variance, i.e. the ‘behaviour’ of the data), retroflex
and non-retroflex segments exhibit inverse correlations for almost every variable, with the
exception of bandwidth values for the nasal alveolar. Dimension 1 is described by the following
characteristics (Table 2): 1

Top variables Correlation (r)  p-value
Duration 0.71 <.001
F2 bandwidth 0.68 <.001
Centre of gravity 0.68 <.001
F2 onset slope 0.65 <.001
Fl -0.29 <.001
F1 bandwidth -0.29 <.001
Kurtosis -0.52 <.001
Skewness -0.53 <.001

Table 2 — Top 8 quantitative variables correlated (4 directly and 4 inversely) with dimension 1 of the MFA
summarised in Figure 9 (values rounded up, only two decimal points shown)

Retroflexes are significantly shorter than non-retroflexes; they exhibit lower F2 bandwidth
values, have a lower centre of gravity, and tend to be characterised by negative F2 onset slopes;
at the same time, they show higher spectral tilt (skewness) values, higher kurtosis, and higher
F1 and F1 bandwidth values. This is due to the fact that nasal retroflexes show higher
concentrations of energy in the lower regions of the spectrum around the centre of gravity;
duration values are compatible with the possibility that North Boma retroflexes behave like
nasalised flaps.

As mentioned above, MFA were also run on modified versions of the dataset to account
for duration biases and other related issues, including the sensitivity of spectral moment values
to background noise and vocalic context. Because nasal retroflexes and non-retroflexes mostly
occur in different contexts where duration differences are expected irrespective of place of
articulation, the duration-balanced set was restricted to segments shorter than 0.1 s (see above,
Section 4). Figure 10 (next page) presents individual factor maps of this duration-balanced set
and of the same set as above (Figure 9) without spectral moment values.

As can be seen in Figure 10, the acoustic distinction between retroflex and non-retroflex
segments remains sharp whether the sets are balanced for duration or not. Nasal retroflexes
remain negatively correlated with dimension 1, with non-retroflexes on the positive side of the
same axis (the only exception being nasal palatal duration values). The main variable groups
defining dimension 1 are now ‘formant values’ and ‘spectral moments,” with retroflexes
exhibiting once again lower F2 bandwidth values and higher F1 and F1 bandwidth values than
their non-retroflex counterparts, along with higher skewness and kurtosis and a lower centre of
gravity.'¢ When spectral moment values are excluded from the analysis, a newly defined
dimension 1 (mostly correlated with duration, slope, and bandwidth) is inversely correlated
with the dataset’s retroflexes and directly correlated with their non-retroflex counterparts

14 Let the reader be reminded that, in PCA terms, ‘dimension’ refers to the original variables or attributes that
were used as input data, and PCA aims to reduce these dimensions into a smaller set of components that capture
the essential information in the data while minimising redundancy. Therefore, on the plane at hand, the variables
of interest are plotted against the two principal components of the PCA originally performed on the dataset; these
principal components are known as ‘dimension 1’ and ‘dimension 2.’

15 Complete dimension descriptions are available on OSF; only immediately relevant ones will be commented on
in the prose.

16 See ConsMedShortMFAlog.docx on OSF.
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(except for labiodental and alveolar slope values, as well as alveolar bandwidth values, which
tallies with the situation presented in Figure 8). Taken together, these supplementary analyses
suggest that duration alone does not account for the retroflex/non-retroflex opposition in North
Boma and show how other acoustic variables (chiefly bandwidth and formant values)
contribute to informing the distinction.
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Figure 10 — Individual factor maps of: above, a duration-balanced set (restricted to segments shorter than 0.1 s);
below, the entire dataset without spectral moment values

MFA were also performed on the entire dataset with values measured at 10% and 90% of the
sounds’ total duration, to account for the hypothesis advanced earlier in this Section regarding
flicking in the speech of Subject C; it has been mentioned (see above) that retroflexes can affect
different targets throughout their articulation, with the tongue tip ‘flapping out’ of a curled-up
position. In their typology of the sounds of the world’s languages, Ladefoged & Maddieson
(1996) claim that the ‘tongue tip first bends back into the retroflex position, and then, during
the closure phase, straightens out somewhat, so that by the time of the release of the closure it
is in a less extreme position’ (p. 28). This does not appear to be the case in North Boma; see
Figure 11 (next page).
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Figure 11 — Individual factor maps of: above, the entire dataset with values measured at 10% of the sounds’ total
duration; below, the entire dataset with values measured at 90% of the sounds’ total duration (see below)

The important similarities between the two planes at 10% and 90% of the sounds’ total duration
indicate that nasal retroflexes in North Boma behave rather uniformly throughout their
articulation, apart from slope and formant values (as would be expected in onset vs. offset
position). Regardless, ‘retroflexion’ remains the most important variable in the definition of
the planes, as was the case in all other MFA performed and shown above.

Based on the results summarised up to this point, North Boma nasal retroflexes
constitute a discrete class within the language’s nasal inventory. Compared to their non-
retroflex counterparts, they are significantly shorter, exhibit lower concentrations of energy in
the spectrum with more energy concentrated around their centre of gravity (as well as more
peaked energy concentrations), show higher values of F1 and F1 bandwidth and lower values
of F2 bandwidth; they are not characterised by different acoustic properties in onset vs. offset
position, suggesting that they do not in fact behave like quickly flicking flaps as had been
hypothesised based on some features of the speech of Subject C. This, coupled with the
phonological information provided above, backstops their characterisation by Stappers (1986)
as fully fledged nasal retroflexes.
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5.4 Vowels — Nasal-adjacent vowels have also been analysed to account for coarticulation
effects and to determine whether any effects attributable to proximity to a nasal retroflex can
be detected (full results available in the Appendix, part 2). Figure 12 compares duration values
for the three cardinal vowels /a/, /i/, and /u/.

Duration
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0
post-non-retroflex post-retroflex pre-non-retroflex pre-retroflex
B duration -[a] Mduration -[i] Mduration -[u]

Figure 12 — Average duration values for three nasal-adjacent cardinal vowels in North Boma

All three vowels appear to be longer in pre-retroflex position, but only two of them (/a/ and /u/)
display similar adjacency effects in post-retroflex position, where they are shorter.!” A MFA
was performed on the same vowels; the results are shown in Figure 13.
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Figure 13 — Individual factor map of the entire cardinal vowel dataset

Retroflex adjacency is positively correlated with dimension 1 of the plane (which alone
accounts for around one fourth of the set’s total inertia); however, as one can clearly see, the

17 In this regard, Matt Gordon (pers. comm.) notes that, in the Australian language Martuthunira, a stem-final [i]
asymmetrically selects a suffix allomorph beginning with an alveolar (rather than its counterpart allomorph
beginning with a retroflex; Dench 1995). In line with Steriade (2001a), this may be due to the fact that the high
front tongue position for [i] is relatively incompatible with the tongue configuration characteristically associated
with retroflexes.
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distinction is a lot less sharp than was observed for the consonants, with vowel quality effects
(e.g., high vs. low) weighing more in the definition of the plane than vowel position. As a
matter of fact, Table 3 clearly shows that of the two qualitative variables at hand, ‘position’ is
a lot less significantly correlated with dimension 1 than ‘segment’:

Qualitative variables Correlation (r)  p-value
Segment 0.54 <.001
Position 0.14 <.001

Table 3 — Qualitative variables correlated with dimension 1 of the MFA summarised in Figure 13

In other words, acoustic vowel measurements differ by vowel phoneme considerably more than
by context. No specific effects of retroflexion could be detected on the nasal’s vocalic
environment.

6. Diachronic phonology of North Boma nasal retroflexes

We now move away from phonetic analysis and turn to the discussion of the historical origins
of /n/ in North Boma; in Section 7, we present a comprehensive review of all results, both
phonetic and diachronic-phonological.

Historically, /n/ is the regular reflex of PB *n and *nd in C: position within the root, as
can be seen in (2).!® In (2), slashes separate singular and plural forms of the same noun and
hyphens show morphological segmentation of noun class prefixes and noun roots. In North
Boma, /n/ never occurs in C; position within a C;V1C2V2(C3V3) template. Throughout this
Section, a given North Boma synchronic form is posited as the reflex of a protoform. This
protoform, conventionally preceded by an asterisk in historical linguistics, is accompanied by
a number which identifies a unique entry in the Bantu Lexical Reconstruction (BLR) 2/3
database (Bastin et al. 2002). This database contains nearly 10,000 Bantu lexical
reconstructions of variable time depth (Bostoen & Bastin 2016). The meaning of a given reflex
in North Boma is specified only when it differs from that of the protoform.

(2) Cs *n BLR 3203 *jana  ‘child’ > mw-ana/mj-ana
BLR 3472  *jind0  ‘tooth’ > Zj-unu/mj-unu
BLR 5531  *tini  ‘piece’ > ke-t:.ini/be-t:ini
BLR 1805  *kin  ‘dance’ > ko-k.an-a"®
BLR 2041  *kdén  ‘plant’ > ko-kwan-a
BLR 661 *con  ‘write’ > ko-c:om->

C> *nd BLR 579 *cindi  ‘squirrel’ > O-nsi:ni/ O-nsi.ni

BLR 1446  *gond¢ ‘crocodile’ > B-ngome/ D-ngo:né
BLR 543 *céndé ‘thorn’ > O-nsjéné/ D-nsjéné
BLR 1628  *jondd ‘hammer’ > O-nmyu.nu/D-npu.nu
BLR 6697  *pond ‘rot’ > ko-psn-5
BLR 2044  *kond  ‘love’ > ko-kwan-a
BLR 2125 *kund ‘bury’ > ko-kfwana

18 We only have one example out of 130 words with /n/ or /n/ in C2/C3 where /n/ is the reflex of *nt but this nasal
+ plosive sequence is found in a reconstruction which is only tentative, namely *tant ‘bite.” Certainly, historical
*nt simplified to *n but the evidence is virtually non-existent to claim that this outcome also underwent the shift
to /n/.

1% In North Boma, the onset consonant in a syllable carrying a high tone is phonetically realised as a geminate,
except when followed by a diphthong, see, e.g. ko-kwdn-a ‘to plant’ and ko-kfwdana ‘to bury’ in (2). We thank an
anonymous reviewer for pointing out this exception. While this pattern is systematic in our data, we do not know
what explains lack of gemination in the presence of a diphthong.
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By contrast, /n/ in C; is the regular reflex of PB *n as shown in (3). Note that *nd did not occur
in C; position in PB except across morpheme boundaries, i.e. whenever *d was preceded by a
homorganic class 9/10 nasal prefix N-. This noun class prefix was often reanalysed as part of
the root as shown in (3), see, e.g., @-ndu:nu/ D-ndu:nu, historically n-du.nu.

3) Ci*n BLR 5428  *nuku ‘meat’ > MU-NUBW/Mi-n.usu
BLR 3683  *nai ‘four’ > ni
BLR 2286  *n6k  ‘rain’ > ko-n:58-5
BLR 2342  *nd ‘drink’ > ko-nw-a
BLR 1561  *jadi  ‘lightning’ > O-ndzali/O-ndzali
BLR 4340  *donda ‘fish sp.’ > O-ndu:nu/D-ndu.nu

‘electric fish’

In North Boma, nasal + plosive sequences in Cz position underwent reduction in favour of the
nasal, i.e. *mb > /m/, e.g., O-ndza.mi ‘God’ (< BLR 3196 *jambé¢), *ng > /y/, e.g.,
e-kana/n-kana ‘guineafowl’ (< BLR 1720 *kéanga). /»/ is the only outcome of this cluster
reduction process which further underwent total loss (/n/ > @) in the vast majority of relevant
lexical items, e.g., e-bad/m-bada ‘jaw, chin’ (< BLR 108 *bangd). The reduction of NC+voice >
N happened not only in North Boma but in many other West-Coastal Bantu languages
(Pacchiarotti et al. 2024, Bostoen et al. 2025). Given the pervasiveness of /n/ in the lexicon of
North Boma, the most likely scenario is that this sound change occurred only after the
simplification of *nd > /n/, once the historical simple nasal C> *n had merged with *n
historically originating from the simplification of C> *nd.?°

In Bantu languages, the vowel preceding a nasal cluster (nasal + plosive) usually gets
lengthened (Hyman 2019). This can be seen in words such as n-si:ni/n-si.ni ‘squirrel’ and
n-go:né/m-ga.ne ‘crocodile’ in (2). In turn, lengthened vowels are an ideal phonetic environment
for the emergence of diphthongs in West-Coastal Bantu languages (Koni Muluwa & Bostoen
2012; Pacchiarotti, Maselli & Bostoen 2021). Indeed, there is evidence that diphthongisation
of long vowels also happened in North Boma, see, e.g., n-sjéné/n-sjéné ‘thorn’ and ko-kwan-a
‘to love’ in (2), but diphthongisation is also found in words containing historical short vowels
preceding *n such as ko-kwdn-a ‘to plant’ in (1), as well as i-kjana/ma-kjana ‘dance’ (< BLR
1807 *kina) and ko-mjan-a ‘to swallow’ (< BLR 2190 *min). This might have happened by
way of analogy with historically lengthened vowels preceding nasal clusters while the merger
*n, *nd > n was ongoing. Similarly, and perhaps also due to analogical change, not all vowels
historically preceding a nasal cluster were lengthened, see, e.g., mu-kanu/mi-kanu ‘news’ (<
BLR 1706 *kanda ‘letter’).?!

Nevertheless, there are a few lexical items which appear to have escaped the change *n,
*nd > /n/ in C; and rather preserved /n/, giving rise to the minimal pair ekani ‘we had wished’
vs. ekani ‘we had danced,” which Stappers (1986) uses to show that /n/ contrasts with /n/ in C»
position in North Boma. In most instances, we find no readily identifiable conditioning
environment that could have blocked this diachronic sound change. Although several nouns
preserving /n/ in C; end in /i/ as can be seen in (4), there are just as many cases where a final
/i/ is preceded by /n/, as shown in (5). In the same vein, the different vowels preceding C, /n/

20 An anonymous reviewer wonders why the merger of PB *n and *nd happened only in stem-final position in
North Boma. We believe there are at least two possible explanations for the absence of this merger in stem-initial
position. The first is that North Boma is a language with stem initial prominence, where contrasts are more likely
to be maintained in stem-initial position because more segments can occur there. The second is that there is a
strong crosslinguistic bias for phonological neutralisation to favour word ends rather than beginnings (Wedel et
al. 2019).

2 mi-kanu/mi-kanit ‘news’ could alternatively be a reflex of BLR 1317 *gano ‘wisdom’ or BLR 1318 *gano ‘tale;
proverb,’ in which case the short vowel would be expected.
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in (4) cannot be considered a conditioning environment preventing the merger *n, *nd > /n/
from occurring because /u/, /v/, and /a/ are also found in lexical items where C> *n/*nd did
become /1/, see (2).

(4) BLR 1545 *kundt ‘stomach’ > i-kfuni/ma-kfuni ‘belly’

BLR 1627 *joni  ‘bird’ > O-puni/D-puni

BLR 2390 *panda ‘branch, fork” > @-mpani/ @-mpani ‘branch’

BLR 8292 *jani  ‘sun’ > mw-ani/mj-ani ‘light, day’
(5) BLR 2206 *moén  ‘see’ > ke-m.dn-1i/be-m:om-1 ‘fortune teller’

BLR 579  *cindi ‘squirrel’ > -nsi:ni/D-nsi:ni

BLR 2577 *pind ‘(be) black’ > m-pin-i

BLR 9667 *jini  ‘pubes’ > mu-zi.gi/mi-ziyi  ‘anus’

Additionally, three lexical items indicate that some of the few synchronic occurrences of /n/ in
C» position originate from PB *nj, phonetically probably [nj] or [nd3], e.g., ke-kani/be-kani
‘hand’ (< BLR 1329 *ganja), n-zén:é ‘cricket’ (< BLR 1583 *njénj¢), or PB *ny, phonetically
probably [n], e.g., ko-yon-5> ‘to twist’ (< BLR 1945 *kony), ko-pan-a ‘to swim’ (< BLR
*nyany). The fact that *n as the reflex of *nj and *ny did not merge with *n originating from
either PB *n or *nd in C; possibly indicates that the simplification *ny > n and the merger with
*n > n occurred after the merger *n, *nd > n > n. Otherwise, /n/ originating from *n (from PB
*n3 and *n) would have undergone retroflexion too.

Finally, we discuss occurrences of /n/ in Cs position. In this position, /n/ in North Boma
is the reflex of a historical *n in the same phonotactic position, e.g., mu-samunu ‘six’ < (BLR
433 *caamano ‘six’), or the outcome of a common Bantu nasal harmony process whereby a
stop becomes a nasal usually maintaining the same place of articulation as the stop, whenever
the root contains a nasal consonant, e.g., e-béméné/m-béméné ‘mosquito’ (< BLR 7535
*bémbédé ‘mosquito’). In such cases, /d/ in a form such as *bémbédé underwent nasal harmony
to *bémbéné in earlier stages of North Boma. Nasal harmony must have happened before the
change *n > n took place in order to account for the synchronic outcome é-béméné/m-béméné
‘mosquito.” The same seriation of nasal harmony *d > n followed by retroflexion of *n > n also
occurred in verb stems with derivational suffixes such as *-ad, *-1d, and *-ud and without any
synchronically retrievable corresponding root. Some instances are: ko-ziman-a ‘to forget’
(<BLR 5716 *dimbad ‘to forget’), ko-sémons ‘to slip’ (< BLR 509 *cedimuk ‘to slip’, likely
to have undergone metathesis to *cémidok), e-y-kfuimene ‘stuttering’ (< BLR 5379 *kékomid
‘to stammer’), ko-k.amon-5 ‘to squeeze’ (< BLR 1691 *kdmud ‘to wring, to squeeze’); see also
ko-biman-a ‘to sleep’ (< BLR 6025 *bitam ‘to lie down’, likely to have undergone metathesis
to *bimat).

Yet, there is evidence that in a few cases the nasal harmony process did give rise to /n/
instead of /n/; see, e.g., ko-ziyina ‘to learn’ (< BLR 3338 *jig ‘to learn, to imitate’), ko-zasdne
‘to spread out in the sun’ (< BLR 3206 *janik ‘to spread to dry in the sun’), and ko-s.iyine
‘push back’ (< BLR 2934 *tindik ‘to push back’). The last two examples suggest that
metathesis might have played a role in these seemingly irregular outcomes, e.g., *janik > jakin >
Jjakan > zdgane; *tindik > tikind > tikin > s:iyiné.?* Metathesis in verb stems is known to be
common in Tiene (Ellington 1977, Hyman 2010), one of North Boma’s closest relatives, see
Figure 1.

22 With possible spirantisation of /t/ > [s] (see Schadeberg 1995, Bostoen 2008). Note that in North Boma /s/ is
the expected reflex of Proto-West-Coastal Bantu *k (Pacchiarotti & Bostoen 2020). /¥/ has /y/ as an allophone
whenever it is followed or preceded by /i/ (Stappers 1986: 3).
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Whatever the case might be, synchronically, the consonantal portion of a typical PB
derivational suffix such as applicative *-1d always surfaces as /n/ if the verb stem contains a
nasal, see /ko-tim-1d-a/ ‘INF-send-APPL-FV’ > [kotumeng], /ko-tfim-1d-a/ ‘INF-sew-APPL-FV’ >
[kotfumeng], but /ko-kab-id-a/ ‘INF-offer-APPL-FV’ > [kokabéri]. Whenever the verb root
contains /n/ in Cz and is followed by an applicative suffix which is then realised as /n/ due to
nasal harmony, the outcome of a sequence of two [n] after vowel apocope yields [n:]. This is
shown in Table 4 with the synchronic derivation of the applicative form ko-m.dnn-é [kom:éan:¢]
from its corresponding root ko-m.an-a ‘to finish.’

ko-m:an-a ‘to finish’

applicative derivation ko-m:an-1d-a
nasal harmony ko-m:an-m-a
final vowel height harmony ko-m:an-in-é
applicative vowel apocope ko-m.an-n-é
retroflex > alveolar gemination ko-m.an-n-é

Table 4 — Synchronic derivation of the applicative form ko-m:an-né [kom:an:¢] from its
corresponding root ko-m:an-a ‘to finish’ in North Boma

The emergence of [n:] out of a sequence of two [n] is also observed with derivational suffixes
other than the applicative. Compare ko-kfwdn-a ‘to bury’ (< BLR 2125 *kund ‘to bury’) and
ko-kfun.o ‘to dig up’ (< BLR 2126 *kund-vd ‘to dig up’, derived from BLR 2125 *kund by the
so-called reversive suffix *-ud; see Schadeberg & Bostoen 2019). Based on the evidence we
have gathered so far, one could imagine a chain of changes like the following: *kundoud >
*kf:nod > *kfa:nod > *kfunon/kfunon > *kfann/kfann > kftn:.?* The verb form ko-b:in:0 ‘to
dig up’ (< BLR 209 *bind ‘obstruct’) probably underwent a similar chain of changes. Thus, it
seems that C [n:] derives from a C1V1C2V2C3 V3 templatic structure where C, was /n/ and C3V3
is a derivational suffix which underwent nasal harmony and was realised by default as /n/.

In sum, /n/ is a phonotactically restricted phoneme in North Boma which only occurs
in C2/C;3 position within a C1V1C2V2C3V; template. Historically, /n/ is the reflex of PB *n and
*nd. The *nd sequence simplified to *n at some point in the history of this language and merged
with PB *n. Both etymological *n as well as *n deriving from the cluster reduction *nd > n
developed into /n/ in C2/C3 position. In C; position, PB *n and *nd were maintained as such.
However, this merger did not affect all lexical items, so much so that some historical *n
(whether from PB *n or *nd) were maintained as alveolar nasals in C; instead of undergoing
retroflexion. Other synchronic C> /n/ in North Boma originate in PB C; *nj, phonetically [nd3]
or [nj], and PB *ny, phonetically [n].

In the Appendix (part 1), we provide a comparative list of all lexical items we found
which contain /n/ or /n/ in C; and Cs positions in the data from our fieldwork missions (2021
and 2022) as well as in the grammar sketch of Stappers (1986).

7. Discussion

In this article, we have shown that nasal retroflexes in North Boma differ significantly from
their non-retroflex counterparts. A first visual inspection of the available samples allowed us
to identify a tendency for nasal retroflexes to display greater concentrations of energy in the
lower regions of the spectrum and fewer or less identifiable higher-frequency intensity peaks,
i.e. less clear formant structure throughout the sound. Following this first step, a series of
descriptive statistics were run to summarise the dataset. Nasal retroflexes were found to be

23 In this hypothetical chain, the spirantisation of *k > /kf/ and the tonal dissimilation of *LL (low-low) to HL
(high-low; BLR 2125 *kund-od ‘to bury’ > kfwan-a ‘to bury’) are arbitrarily placed at the beginning. We have no
evidence for their seriation with respect to other changes.
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shorter than their non-retroflex counterparts, and to exhibit lower F2, F3, and F4 average values
than all other nasals in the set, while no effect of bandwidth could be identified at this stage,
apart from F1 (greater F1 bandwidth values for retroflexes than non-retroflexes). This is at odds
with the finding of Tabain et al. (2016) that coronal nasals exhibit the lowest bandwidth values
in their sample of Australian languages, and points to the presence of a more diffuse murmur,
as well as a tighter (and more perpendicular to the palate) constriction in retroflex articulations
in North Boma. Nasal retroflexes appear to have the sharpest F1 slopes both in onset and offset
position, but no specific effect of retroflexion could be detected on F2 onset and offset slopes.
Nasal retroflexes show higher skewness and kurtosis values than their non-retroflex
counterparts, suggesting higher or more peaked concentrations of energy in the spectral area
below their centroid frequency; lower centre of gravity values also appear to point in the same
direction.

In order to substantiate these preliminary findings, a series of MFA were performed on
the dataset (quantitative variables grouped as follows: ‘duration,” ‘formant values,” ‘bandwidth
values,” ‘slope values,’ ‘spectral moments’; qualitative variables grouped as follows: ‘segment,
‘retroflexion’). A first MFA, run on the relevant sounds’ median values, showed that the
retroflex vs. non-retroflex opposition is better suited to explain the plane’s inertia than the
‘segment’ variable. Retroflexion was shown to be significantly correlated (inversely) with
segment duration, F2 bandwidth, centre of gravity, and F2 offset slope values, and (positively)
with skewness, kurtosis, F1 bandwidth, and F1. This indicates that North Boma nasal
retroflexes are shorter than their non-retroflex counterparts and exhibit more energy
concentrated in the lower regions of the spectrum, while no specific effect of retroflexion was
found on F3.

This is interesting as it appears to set the North Boma case apart from others presented
in the available typological literature (see Hussain et al. 2017). Perhaps, this might indicate that
retroflexes in North Boma have a relatively advanced constriction location. In line with the
available acoustic literature (Stevens & Blumstein 1975), an F3-F4 pinch was observed, but no
effect of F2-F3 convergence, which, again, sets the North Boma case apart from other well-
documented cases (see Hamann 2002, 2003). Lower centre of gravity and standard deviation
on the one hand, and higher skewness and kurtosis on the other, might indicate a position of
the tongue perpendicular to the hard palate, which is consistent with the F3 findings (as a less
retracted constriction location also requires less ‘curling’ of the tongue tip).

MFA were also performed on nasals with values sampled at the 10%- and 90%-duration
temporal marks, to test whether retroflexion in North Boma were a dynamic articulation
targeting different places at the sound’s onset and offset (Ladefoged & Maddieson 1996). This
was not found to be the case, suggesting that nasal retroflexes in North Boma do not behave as
quickly flicking flaps as we had previously hypothesised.

Vowel adjacency effects were also analysed. MFA were performed on three cardinal
vowels (/a/, /i/, and /u/). No significant effect of retroflexion was found on nasal-adjacent
vowels. This also sets the North Boma case apart from other cases documented in the literature,
where adjacency to a retroflex has been linked to lowered F3 values on the vowel.

While no other retroflexion phenomena could be found in the immediate vicinity of the
North Boma area (with the exception of nasal retroflexes in closely related Nunu; see Section
3), some are detectable in the Bantu Lotwa languages of the last surviving Batwa groups of the
eastern corner of Mai-Ndombe (Maselli 2024), where flapping as a realisation of intervocalic
laterals is a common phonetic possibility, also attested in other Congo Basin Lotwa languages
(see Bokula 1970, Kutsch Lojenga 1994, Motingea 2010). Although this is hard to prove given
the absence of historical language data, the occurrence of nasal retroflexes in North Boma could
be diagnostic of substrate interference through language shift (Thomason 2006). Those shifters
might have been erstwhile Batwa people who once became part of the ancestral North Boma

b
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speech communities as L2 speakers whose L1 language was not a Bantu language but an
indigenous language no longer attested. Another possibility is that the shifters might have come
from the Ubangi-speaking area further north, where retroflex realisations of intervocalic
laterals are also amply attested (see, e.g., Bouquiaux and Thomas 1977: 216f, 220). In support
of this hypothesis, recent population genetic research shows that some West-Coastal and
Central-Western Bantu speech communities in the vicinity of the North Boma area display a
specific component in their genetic make-up that points to past admixture with Ubangi speakers
(Fortes-Lima et al. 2025).

In the process of foreign language acquisition, some degree of structural phonological
impact of source languages on recipient languages is very common and known as ‘imposition’
under ‘source language agentivity’ (Van Coetsem 1988). If these foreign language speakers
shifted in sufficiently large numbers to ancestral North Boma, the imposition of the phonotactic
structure of their non-Bantu source language on their Bantu recipient language would have
undergone horizontal (through space) and vertical (through time) transmission along with the
language community itself. While the overall rarity of nasal retroflexes in Bantu is a first
indication of loan phonology, their positional restrictions are further evidence of the contact-
induced intrusion of a phonotactic constraint from a non-Bantu source language, and so is our
acoustic finding concerning their apparent salience within North Boma nasals. As a matter of
fact, as Blevins (2017: 12) puts it, ‘the more salient the phonetic pattern, the more likely it will
spread areally’ (see also Fleischhacker 2000, Kenstowicz 2001, 2003, Steriade 2001a,b, Kang
2002, among others). To what extent retroflexion is stable in the Mai-Ndombe languages which
display it is a matter for further research. In fact, while /n/ appears in C (or, less often, Cs)
position within a C;V1C2V2C3V3 template, our comparative data suggest that /n/ is not equally
frequent in all varieties (see part 1 of the Appendix).

Even if /n/ was originally a loan phoneme, this does not mean that it is found in
loanwords — quite the opposite, as it did not enter the language through lexical borrowings from
an unknown source language. Thanks to our diachronic phonological analysis, we could
determine that /n/ is the regular reflex of both PB *n and *nd in word-final position, i.e. C in
disyllabic stems or Cs in trisyllabic stems. While the regularity of the sound change points
towards a firm integration of this alleged loan phoneme into North Boma’s sound system, its
restriction to word-final position might betray the phonotactics of a non-Bantu substrate
language. Additionally, the regular correspondence of /n/ to both PB *n and *nd informs us
about the sound shift’s relative chronology: this must have happened after the reduction of
nasal - voiced oral stop (NC+voice) clusters such as *nd to simple nasals like *n. This type of
consonant cluster simplification is widespread in the Bantu languages of the Lower Kasai
region (Pacchiarotti et al. 2024). Since this simplification also occurs in North Boma’s closest
relatives, i.e. Mpe (B821), Nunu (B822), and Tiene (B81), it probably took place in the most
recent common ancestor of these four languages. However, /n/ itself is not attested in North
Boma’s closest relatives except Nunu. Consequently, its adoption in the sound inventory of
North Boma (and Nunu) must, all in all, be a relatively recent phenomenon, which reinforces
our hypothesis of a contact-induced origin. Tse (2015) also posits shift-induced substrate
interference for the adoption of retroflex nasal + consonant clusters, i.e. /ng/ and /nd/, in Somali
Bantu Kizigua (G111), though here the putative source language would be another Bantu
language, i.e. Chimwiini, commonly considered to be a northern Swahili variety (Nurse &
Hinnebusch 1993).

8. Conclusions

The present contribution represents the first in-depth analysis of a severely understudied class
of sounds, i.e. nasal retroflexes, in a severely understudied Bantu language, i.e. North Boma,
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spoken in a severely understudied area of the planet, i.e. the Mai-Ndombe Province of the DRC.
By integrating low-level phonetics and synchronic and diachronic phonology, we have been
able to push our analysis of nasal retroflexes beyond the scope of each individual field.

Our original fieldwork with different North Boma speakers allowed us to document the
nasal retroflex /n/, which is rare both in Bantu and in the rest of the world’s languages, and to
confirm the phonemic status of this sound as reported by Stappers (1986). Our comparative
synchronic study also showed that this sound is not equally frequent across speakers and
varieties of North Boma, suggesting a position of particular volatility in the language’s
consonantal inventory. The cross-speaker and cross-variety instability of /n/ in present-day
North Boma could suggest that this sound was originally a loan phoneme. In support of this
hypothesis, other retroflex sounds such as [{] have been found in Bantu languages spoken by
several Batwa communities in the wider area, commonly considered the descendants of
populations who already lived in the region before the arrival of Bantu speakers. Hence,
phonological substrate interference from shifting non-Bantu speakers could well be the
historical source of North Boma /n/.

By going beyond historical phonology and grounding our findings in acoustics, using,
among other features, advanced methods of statistical analysis such as MFA (a first in the
region), we have been able to show that retroflexes in North Boma are a particularly salient
class of nasals. The retroflex/non-retroflex opposition is the most significant one in explaining
our acoustic dataset’s variance regardless of duration and spectral moment values. This
reinforces the hypothesis that the nasal retroflex is in fact a loan phoneme integrated into the
North Boma inventory through contact, in the light of Blevins’s (2017) observations on the
impact of acoustic salience on the ease of spread of phonetic patterns.

Finally, our factorial overview of the main acoustic correlates of retroflexion in North
Boma shows that our data both match and flout acoustic expectations. These key typological
data from a severely under-researched area of the world contribute to the debate on the
acoustics of retroflex consonants in the world’s languages. Admittedly, considerably more
research remains to be conducted, specifically aimed at the collection of articulatory data to
further ground the acoustic considerations presented here. The possibility of perceptual studies
should also be explored if we are to further assess the degree of salience of retroflexion in
North Boma. Additional evidence should be collected on neighbouring Nunu, where nasal
retroflexes have also been detected in our preliminary fieldwork data.
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Appendix
1. Words with /n/ or /n/ in Cz and Cs position across three North Boma varieties

This Appendix presents all lexical items containing either /n/ or /n/ in Cz and Cs position across
three North Boma varieties, i.e. that documented in Stappers (1986) and our own fieldwork
missions of 2021 and 2022. The reader will see that the variety we documented in 2022 is
(nearly) identical to the one documented by Stappers (1986). Lexical items in this Appendix
are ordered alphabetically by concept name. All words are transcribed using the International
Phonetic Alphabet (IPA), except in Stappers (1986) where <y> = [j], <r> =[], and <j> [3]. In
Stappers (1986) and Fieldwork 2021, low tone is left unmarked. The last column presents the
historical form of which the lexical items on the same row are likely to be the reflex. All
historical forms with an index number are taken from the Bantu Lexical Reconstructions (BLR)
2/3 database (Bastin et al. 2002). Those without an index number are tentative reconstructions
based on comparative evidence from West-Coastal and Central-Western Bantu branches. A
blank cell indicates lack of data. An em-dash — means that in a given variety the concept is
expressed by a root which does not contain /n/ or /n/ in C2/C3 position.

As the reader will notice, our comparative data suggest that /n/ is not equally frequent
across varieties. We found that, out of 104 collected in 2022, 82 had /n/ in C2/C3 (79%) and 22
had /n/ in C2/C5 (21%). Similarly, of the 61 lexical items having /n/ or /n/ in C2/C; in Stappers
(1986), 53 have /n/ (87%) and 8 /n/ (13%). By contrast, out of the 77 lexical items collected in
2021, 40 have /n/ (52%) and 37 have /n/ (48%). North Boma speakers who participated in the
2021 elicitation sessions were younger than the speaker we worked with in 2022 and have lived
away from their community and in non-rural environments for longer than he had. It is possible
that these younger speakers are losing the nasal retroflex by producing it as an alveolar,
possibly under the influence of speakers of other languages of the region which do not have
nasal retroflexes in their phonological inventories. It is worth noting that our 2022 speaker
never produced /n/ as a free variant of /n/ in C; position.

Concept Stappers Fieldwork Fieldwork BLR index BLR
1986 2021 2022 protoform
1. (red) ant ikfani ikfini/makfini  BLR *ktinda
ekaminu/
nkamunu
2. anus muzi:ni mu3i:ni muzini/mizini  BLR 9667 *jini ‘pubes’
3. bamboo iz4:n4/maza:na
4. belly ipfu:ni ikfuni/makfuni ~ BLR 1545 *kunda
5. big bonénge bon:é bon:éng ~ BLR 2252 *nén
bon:éné
6. bird nini Jni/nani BLR 1627 *joni
7. black mpi:nj mpini BLR 2577 *pind
&. branch ep:ani mpéani/mpéani BLR 2390 *panda
9. brother nana BLR *nanda
10. calabash mbjamna mbjana mbjana/mbjana BLR 212 *binda
11. chameleon mbwilan®/
mbwiluni
12. caterpillar kémbayani kézina/bézina
13. carved nko:mni
image
14. child mwa:na mwana mwana/mjana BLR 3203 *jana
15. cricket nzén:é — BLR 1583 *njénjé
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16. crocodile ngo:né ngoné 1gdo:né/ngdné BLR 1446 *gondé
17. deep n3ja:na nzjana BLR 6275 *dindo
18. dignitary njuinu
19. dirt mbitnu mbjunu BLR 249 *bindo
20. eel mutf6ni — BLR 6725 *condi
21. eight in:ana ina:na BLR 6434 *nainai
22. electric fish ndi:nu ndu:n/nda:nu BLR 4340 *donda
23. encampment na:no ngani/nganu BLR 1324 *ganda
24. family ikjana/makjana  BLR 1321 *ganda
25. fin mal:axanu
26. five tarmu tanu/betanu BLR 2768 *taano
27. friend mbé:ni mbeé:ni BLR 8504 *bandi ‘eminent
man’
28. full musia:na mufjana musand/misana BLR *kina
29. grudge ngwana
30. hail éngu:ni
31. hammer nyinu BLR 1628 *jondo
32. (palm of) kani ké:k:ani kékani/békani BLR 1329 *ganja
hand
33. heel kéb:uni
34. hill ngina BLR 5527 *gina ‘ant-hill’
35. host, ngjené ngje:né ngjene/mgjeng BLR 7614 *gendi
stranger
36. hot ke:dzuyun:i keéyustini/
béyurtni
37. how z¢Eblni muiz4 mini
muza:n:a
38. jigger, louse nsana nsana/nsana BLR *kina
39. judge ntémni BLR 2846 *ténd ‘to say,
speak’
40. light, day mwani mwani ~ mwani/mjani
m:wani
41. maternal 1ng6 z2 yangani
aunt
42. moon, ngo:nd ndno 1gond/ngdnd BLR 1447 *gondo
month
43. mosquito, bémméng eb:émene ebémeéng/ BLR 7535 *bémbeédé
fly mbéméng
44. mother néna: — —
45. mouth muna/mina BLR 4709 *noa
46. name za:na/mjana 3ana zja:na/mja:na BLR 3464 *jina
47. news — — mukani/mikana  BLR 1706 *kanda ‘letter’
48. paternal ta:ra zi: zéni
uncle
49. pepper izani izani/mazani
50. piece kets:ini két:ini/bet:ini BLR 5531 *tini
51. plantation nglind/mguind  BLR 1509 *gonda
52. post in the mwanu/mjanu

center of a hut

53. pot, pan

ekene/mkemne
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54. price muba:nu mob:anu mubanu BLR *bandd
55. pus tfwa:na
56. rainbow munkani munkani/ BLR 1708 *kanda ‘strap,
minkani belt’
57. raw kop:jana
58. savanna, ntana ntana BLR *tando
field
59. sixty samunu musaminu BLR 433 *caamano
60. skin bag mponi/mponi
61. skinny itani/matann
62. spark mwa:na BLR 3225 *janja
‘daylight’
63. spider sa:kongé nsako:né ~ ns&kdné/msekd BLR 6734 *kondé ‘spider
nsénko:né né net’
64. split post ik:0n:i
65. squirrel sini nfi:ni nsimi/nsini BLR 579 *cindi
66. stump, trunk ket:ini (trunk) nsana (stump) BLR 2926 *ting®*
(of tree) mumbuslny/
mimbugunu
(trunk)
67. stuttering épkfiméng BLR 5379 *kokomid
68. sun vwana wana vwana BLR 8292 *jani
69. (queen) mutfwana mutswéna
termite
70. there kuné king
71. this X there kjaking:
72. thorn nsjéne nsjéng / nsjéng BLR 543 *céndé
73. to be kozimana mbii ~ BLR 3354 *jtmad
sideways
74. to be tired kokdnd kokd:no BLR 1934 *kond ‘to be
thin, emaciated’
75. to bite tana kot:ana BLR *tant
76. to bury kofwa:na kokfwana kokfwana BLR 2125 *kund
77. to chat kodvwa:na kod:zwana kodvwana BLR *duand
78. to dance ekani [past] kok:ano kok:ana BLR 1805 *kin
79. to dance > ik:jana ikjand/makjana  BLR 1807 *kina
dance
80. to deny kozéna kozana
81. to desire, kwé:na kokwana BLR 2044 *kond
love
82. to despise Nana!
83. to dig up kokfin:o BLR 2125 *kind
kob:in:o BLR 209

24 Although the synchronic roots ¢:ini and sdna ‘stump/trunk of tree’ look formally different enough that their
cognate status might be called into question, they are in all likelihood cognates. In the variety documented in 2022,
the historical form tina first underwent Bantu Spirantisation (Schadeberg 1995; Bostoen 2008), whereby /t/ > [s]
when followed by the high vowel /i/, yielding the intermediate (but unattested) form sixna. Then, the second vowel
was copied in V1 position so that sina > sana. The same process happened in kdma ‘monkey’ (< BLR 1798 *kima
‘monkey’), ko-kan-a ‘to dance’ (< BLR 1805 *kin ‘to dance’), n-sana ‘jigger, louse’ (< BLR *kina ‘louse’) and

and mu-sana ‘whole’ (< *kina ‘whole’).



*bind ‘to

obstruct’
84. to fight nwa:na BLR 1151 *doan
85. to finish mana! kom:a:na kom:ana BLR 2148 *man
86. to forget zimina kozimana BLR 5716 *dimbad
87. to hoe kov:ind ntdrd
88. to learn zigina koziyina BLR 3338 *jig
89. to marry lameng
with
90. to mold a kobwana kelee
pot
91. to munch kot:agan:o
92. to pass by kocwaina
93. to pierce kotfwana
94. to plant kokwana kok:wéna kokwana BLR 2041 *kon
95. to plant > mukwangd/ BLR 2041 *kon
fallow land mikwana
96. to bek:uni bjabi ba kwana BLR 2041 *Kon
plant >seed
97. to push si¥ing kos:iyene kos:iyiné BLR 8076 *cégeni
98. to put away kot:ayane
99. to put down  nana! BLR 8242 *nan ‘to pull, to
spread out’
100. to fama kofana kofana BLR 2670 *plian
resemble, be
equal
101. to limit bomene
oneself
102. to rot pond kop:6no kopdnd BLR 6697 *pond
103. to run kol:aya e nsuno  kol:againsinu ~ BLR 9582 *dak ‘to walk’
104. to see m): kom:6 kombd BLR 2206 *mon
[past: moni] [past: moni]
105.tosee >to  mdno kom:dn:d BLR 2206 *mon
meet
106. to kém:3ni/ BLR 2206 *moén
see >fortune beém:sni
teller
107. to see > kemoént BLR 2206 *mon
encounter
108. to send tuming kot:imeng BLR 3055 *tom
(for)
109. to shout nana kon:ana konana BLR 2339 *NaN
‘grumble’
110. to sleep bimina kob:imena kobimana BLR 6025 *bitam
111. to slip kosémand BLR 509 *cédimuk
112. to start kob:an:e kob:ané BLR 88 *band
113. to swallow mjana kom:jana komjana BLR 2190 *min
to — mana m:éna/m:éna BLR 2190 *min
swallow >mouth
114. to swell biminge BLR 240 *bimb
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115. to swim kopéna kopéana BLR *njanj

116. to thank nté:ni [past]
117. to twist kogwana kondnd BLR 1945 *konj
118. to write cinod kot[wana koc:and BLR 661 *con
119. tooth zjh:nu/mji:nu 36N0 Zjin/mjinu BLR 3472 *jind
120. torch mwand/ mjana ~ BLR 3609 *moni
121. water well idzwamna idwand/madwan,
a

122. what kjan:a
123. when kesie kini la:na, késina
124. where kani véani kani, vani
125. who ze bini n:a Jwan:a
126. why ket3:nd mbe, nsana mbe

nsana mbe
127. wine mana — BLR 8255 *jana
128. worm mukeént/mikeént
129. yesterday mbalitfG:ni —

2. Full acoustic data

This Appendix contains all acoustic data for the six nasal places of articulation present in North
Boma. All measurements (except slopes and duration) consist of the median of the values
calculated over the duration of the consonant (from 10% to 90% of its duration).

Average values m n n n I n
(consonants)

Duration (s) 0.117 0.127 0.114 0.127 0.117 0.05
F1 (Hz) 331 367 361 338 361 394
F2 (Hz) 1347 1488 1410 1502 1294 1213
F3 (Hz) 2365 2477 2369 2481 2388 2314
F4 (Hz) 3501 3634 3504 3493 3603 3356
Bandwidth F1 (Hz) 149 146 125 119 117 251
Bandwidth F2 (Hz) 627 637 559 782 788 377
Bandwidth F3 (Hz) 428 461 359 363 338 295
Bandwidth F4 (Hz) 625 640 480 409 688 566
Bandwidth (general) (Hz) 457 471 381 418 483 372
F1 onset slope (Hz/s) -1 -2 -1 -1 0 -1
F1 offset slope (Hz/s) 1 -1 0 1 2 1
F2 onset slope (Hz/s) -2 4 0 -9 2 0
F2 offset slope (Hz/s) -1 5 2 5 -5 0
F1 (10%) (Hz) 343 400 379 361 366 423
F2 (10%) (Hz) 1388 1428 1406 1628 1318 1229
F3 (10%) (Hz) 2412 2531 2367 2716 2415 2330
F4 (10%) (Hz) 3511 3546 3478 3538 3551 3343
Bandwidth F1 (10%) (Hz) 197 175 176 146 136 289
Bandwidth F2 (10%) (Hz) 633 654 618 827 682 368
Bandwidth F3 (10%) (Hz) 623 443 456 499 430 301
Bandwidth F4 (10%) (Hz) 645 625 538 495 947 736
F1 (30%) (Hz) 330 376 366 354 364 395
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F2 (30%) (Hz) 1371 1504 1438 1504 1375 1223
F3 (30%) (Hz) 2395 2540 2373 2577 2393 2325
F4 (30%) (Hz) 3523 3603 3532 3536 3631 3345
Bandwidth F1 (30%) (Hz) 164 126 136 155 116 276

Bandwidth F2 (30%) (Hz) 695 608 651 1131 885 456

Bandwidth F3 (30%) (Hz) 526 422 423 437 403 353

Bandwidth F4 (30%) (Hz) 709 896 540 525 754 757

F1 (50%) (Hz) 328 368 362 335 375 388

F2 (50%) (Hz) 1353 1491 1392 1468 1357 1225
F3 (50%) (Hz) 2384 2394 2370 2265 2436 2311
F4 (50%) (Hz) 3529 3605 3498 3413 3613 3356
Bandwidth F1 (50%) (Hz) 166 141 159 127 115 261

Bandwidth F2 (50%) (Hz) 754 817 684 1440 1003 447

Bandwidth F3 (50%) (Hz) 486 549 380 367 429 329

Bandwidth F4 (50%) (Hz) 708 777 634 367 830 655

F1 (70%) (Hz) 332 361 360 334 356 392

F2 (70%) (Hz) 1341 1333 1427 1441 1345 1219
F3 (70%) (Hz) 2399 2441 2387 2443 2377 2316
F4 (70%) (Hz) 3554 3577 3525 3441 3640 3380
Bandwidth F1 (70%) (Hz) 185 150 134 111 116 269

Bandwidth F2 (70%) (Hz) 758 880 586 974 890 439

Bandwidth F3 (70%) (Hz) 470 570 450 705 375 372

Bandwidth F4 (70%) (Hz) 755 668 560 413 757 534

F1 (90%) (Hz) 349 344 364 349 342 415

F2 (90%) (Hz) 1336 1499 1433 1516 1281 1225
F3 (90%) (Hz) 2391 2475 2378 2564 2398 2325
F4 (90%) (Hz) 3520 3578 3519 3537 3593 3408
Bandwidth F1 (90%) (Hz) 176 179 134 136 131 285

Bandwidth F2 (90%) (Hz) 747 703 614 908 794 378

Bandwidth F3 (90%) (Hz) 502 1045 442 450 497 398

Bandwidth F4 (90%) (Hz) 746 577 557 424 793 489

Centre of gravity (Hz) 1853 1861 1858 2198 1905 1632
Standard deviation (Hz) 796 721 718 920 751 662

Skewness 2.5 1.9 2.5 2 2 3.9

Kurtosis 20.9 10.1 24.7 21.7 15.4 54.1
Centre of gravity (10%) 1824 1927 1811 2359 1803 1540
(Hz)

Standard deviation (10%) 759 784 668 872 691 522

(Hz)

Skewness (10%) 2.8 1.4 2.6 0.7 32 3.8

Kurtosis (10%) 70 6.8 50.5 12.2 74.4 120.1
Centre of gravity (50%) 1847 1838 1840 2092 1910 1607
(Hz)

Standard deviation (50%) 760 761 655 795 704 595

(Hz)

Skewness (50%) 2.7 2 2.4 2 3 3.4

Kurtosis (50%) 58.1 15.5 44.5 45.1 84 89.8
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Centre of gravity (90%) 1836 1791 1879 2172 1902 1570
(Hz)

Standard deviation (90%) 748 789 678 793 728 554
(Hz)

Skewness (90%) 2.9 2.1 23 1.3 3 4
Kurtosis (90%) 55.9 18.4 39.5 242 72 125.8
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