A Feature Geometry Exegesis of Ndau Consonant Phonemes Inventory  
Abstract
This research investigates the consonant phoneme inventory of Ndau, a once marginalized language spoken in the Chimanimani and Chipinge districts of Manicaland province of Zimbabwe.  The data for this study were collected mainly through intuition and secondary sources. The research identifies and characterizes the language’s distinctive consonant phonemes using the minimal pair and set tests. It presents the language’s consonants, which include aspirated, breathy-voiced, pre-nasalized, labialized, palatalized and click consonants. The study utilizes the constriction-based Feature Geometry (Clements and Hume, 1995) model to describe Ndau segment inventory. Using this theory, the research categorizes Ndau consonants into two main categories, namely, simplex and complex segments. The Ndau simplex consonant phonemes are divided into Labial, Coronal, Dorsal and Pharyngeal segments. The Ndau complex consonants are sub-categorized into compound place, secondary articulation, manner contour segments and double complexity. The contribution of this research resides in the monosegmental analysis of Ndau complex segments from a Feature Geometry perspective. This study has made the Zimbabwe terrain in terms of linguistic facts different because a language which has been closely associated with Shona for 82 years has tendencies that enlighten us on how it differentiates simplex and complex consonant phonemes.
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1 Introduction
 The study seeks to present a formal analysis of Ndau inventory from a Feature Geometry perspective (Clements and Hume 1995). The use of analytical tools from Feature Geometry makes it easy to account for the simplex-complex dichotomy of consonant phonemes.  This thesis seeks to expose the articulatory features that are distinctive in this language and demonstrates the ways in which they with
 other dialects of Shona. The present research argues for the monosegmental treatment of Ndau complex consonants with the overarching objective of demonstrating that these consonants are complex at the phonetic level but not at the phonological level where they function as single segments or simple onsets. 

The study seeks to examine the phoneme inventory of Ndau because the starting point in studying a language is to examine the structure of sounds and their inventories (Clements 2000). The investigation is an attempt to provide a more adequate understanding on the phonetic side of linguistic expression as compared to the descriptive approach. It is more adequate in the sense that linguistic operations with phonemes would not be more advantageous than those dealing directly with the ultimate constituents.
 A phoneme, being a bundle of distinctive features, proves to be an ever important but derivative unit, a simultaneous construct of a set of elementary concurrent units (Jakobson and Waugh 1979:29). In Ndau, every simplex and complex consonant phoneme is characterized by the minimum number of this “set of elementary concurrent units” needed to distinguish it from all other simplex and complex consonants of Ndau as a linguistic system. This is possible because “the sound is not itself a simple structure but the resultant of a series of independent yet closely correlated adjustments in the organs of speech” (Keating 1988). The phoneme can be best be described as merely a form , definitely molded entity that takes in as much or as little of the conceptual material of the whole thought as the genius of the languages care to allow.
  The use of Feature Geometry enables this research to accurately make a distinction between Ndau simplex and complex consonants.
A phonological analysis of Ndau is worth pursuing because there is very little that is known about its phonology. Ndau is an underscribed 
language and descriptions such as this one are needed for posterity. Ndau phonology was partly studied by Mkanganwi (1973), XXXX (2006) and XXXX (2017). Mkanganwi (1973) describes Ndau phonology from a descriptive perspective. He uses the minimal pairs test to identify the Ndau segment inventory. The main difference between Mkanganwi’s study and the current study is that it is rooted in the model of generative phonology where the use of analytical devices of Feature Geometry (Clements and Hume 1995) is presumed to present an insightful exploration of Ndau phoneme inventory.
2 Literature review 
Doke (1931a) was the first comprehensive comparative analysis of Shona dialects with a view to move towards orthographic unification. The undertaking of bringing Shona dialects under a single orthography has been described as a “model of harmonization” (Msimang 2000:169). Since Doke’s official Report of 1931, Shona has been considered as comprising five major dialects spoken in Zimbabwe: Zezuru, Karanga, Manyika, Ndau and Korekore.  The major reason why Doke’s unification of Shona dialects is very successful is that there is mutual intelligibility between the five dialects. However, in his own admission, Ndau’s intelligibility is lower than its counterparts that have over 80% mutual agreement. Also Doke (1931a: 78) proposes the sparing inclusion of Ndau in Shona grammar which was based on Zezuru and Karanga. Although the unification of Shona dialects is very important, there are, however, phonological differences among the dialects of Shona. This study exposes some of the phonological differences that set Ndau apart from Shona.
There was a short paper in 1911 on the “Pronunciation and orthography of the ChiNdau Language” by Professor Daniel Jones of University College, London. Jones (1911) provides some lessons on the pronunciation and orthography of Ndau. He refers to complex segments as ‘consonant groups’ (Jones 1911: 8).  This description is not clear as to whether these segments are consonant clusters or complex segments. Chief among these consonants are affricates such as /pf bv ts dz dg tʃ dʒ/. He aptly concluded that the elements in a consonant group are so closely connected that the groups might almost be considered as simple sounds because they occupy a single C slot on the consonant- vowel (CV) tier in accordance with the syllable structure of Ndau which is predominantly CV. Although his work was basically for teaching pronunciation, one can conclude that this offers a basis in the treatment of complex consonants in Bantu languages, that is, they should be treated as monosegments. 

Doke (1931b: 34) describes velarized consonants as “non-homorganic combinations that are due to the action of the labio-velar semi-vowel [w] usually with labials. In describing velarization in Shona consonants, Doke (1931b) uses digraphs, trigraphs and tetragraphs, that is, for velaralized bilabials /pk bg mŋ/ and for velarized coronals /tkw tskw ʤg/. It is clear that Doke functionally regarded each of these as single consonants and not as consonant clusters despite these multi- letter combinations for their representation (Doke 1931b).  Commenting on Doke’s definition of velarization, Mathangwane (1999:107) notes,

His use of the term velarization for both (labialization and velarization) processes  stems  from  his  definition  of  velarization,  given  in  which the labio-velar glide /w/ is  simply referred to as velar semi-vowel instead of a labio-velar  glide. Doke’s  classification  which  considers  both  plain velarization  and  secondary  labialization  under  the  same  umbrella  of velarization  can  be  confusing  to  the  reader.  (.....)  the  labiality  in  the labiovelar  glide  is  lost  changing  the  primary  place  of  articulation  of  the sound into a velar.

What is realized is that there is a difference in the way [w] modifies the sounds. There is the raising of the back of the tongue resulting in the velarization of some of the sounds whilst there is more latitude for lip rounding with others resulting in labialization. Both processes take place simultaneously with the major articulation. What  is  important  is  the  degree  and  extent  to  which  the  articulatory  organs  are moved. As such, it is not possible to discuss one while totally ignoring the other. 

As a follow up to Doke’s (1931b) study, Maddieson (1989) examines velarization in Zezuru. He audio-recorded three Zezuru speakers at the University of Zimbabwe.  He observed sequential articulations when the first element is a labial rather than a coronal except a pattern for a pattern of optional variation in the case of bilabial nasals which are velarized.
 In this case, nasality spreads from the initial nasal to the velar element and one may hear a sequence /mŋ/ as in /mŋáná/ ‘mwana’ ‘child’. However, productions in which the velar substantially overlaps with the bilabial closure may optionally occur and are particularly likely in word-medial position. Contrary to Doke’s (1931b) phonetic analysis, Maddiesen (1989) notes that Shona does not have simultaneous coronal-dorsals. The velar element of velarized consonant is not co-produced with the coronal or labial element but follows without overlap.  Furthermore, Maddiesen (1989) argues that post-velarized segments (Cws) should be best analyzed as consonant clusters, where each segment enjoys full segmental status.  Maddieson (ibid.) suggests that intrusive velars are complex onsets and not complex segments, because the intrusive velar is released after the preceding consonant, not almost simultaneous with it as Sagey’s (1986) representation of intrusive velars suggests. From a Feature Geometry (Clements and Hume, 1995) perspective, velarized consonants are treated as segments with place features with the non–dorsal component designated as the primary articulation; therefore, the dorsal component [w] assumes the role of secondary articulation as in the [labial] element which indicates lip rounding.  This study argues that complex consonants of this type are blocked from having separate stricture specifications for the places involved because stricture features apply to the primary place only; hence, the secondary articulation has no phonologically relevant stricture features. In this sense, there is a shared substructure in the feature of the velarized consonants. It is against such a rich
 background of scholarship on Shona phonology that this current study addresses the issue of simplex and complex segments in Ndau.

3 Methodology 

The primary source of data in this research is intuition since the researcher is a native speaker of Ndau. Intuition is the data gathering method that is used widely in generative grammar studies (Haegeman, 1991). This introspective approach where a writer, as in the present case uses oneself as an informant in the accumulation of data is what Newmeyer (1986) commented upon as follows “the typical practice of generativists has been to use themselves as informants in collecting data about the acceptability and interpretation of grammatical constructions (p.23).” The linguistic competence of the researcher is a language ability that he shares with other speakers of the Ndau language. It cannot be expected that the researcher’s introspective judgments on Ndau constructions will always be accurate. With this view in mind, the researchers, where they deemed necessary, therefore checked on the grammaticality and/or acceptability of utterances against the collective linguistic and/or grammatical competence of other native speakers of Ndau in Chipinge and Chimanimani Districts. The data gathered was recorded in audio form and transcribed. The researchers also collected some data from Ndau written materials such as Mkanganwi (1973) and XXXX (2017).

4 Theoretical Framework
This study utilizes Feature Geometry (Clements and Hume, 1995) to describe Ndau phoneme inventory. Feature Geometry describes the internal dimension of segments, that is, the features or ingredients that make the segments. This tenet of Feature Geometry is used in this study to explain and differentiate simplex segments from complex segments. In Feature Geometry, all phonological features are viewed as autosegments, and their behavior and possible interactions are explained and constrained in the model. Features are hierarchically grouped. Class nodes are also autosegments and act as single units in phonological constraints. 
Consonantal places of articulation attach to a C-Place node while vocalic articulations attach to a V-Place node. For consonants, the place features [labial], [coronal], [dorsal] and [pharyngeal] are dependent on the C-place node, whereas vocalic place features are dependent on the V-Place node (Clements and Hume 1995). The V-Place node is attached to the C-Place node via a vocalic node; in secondary articulation. Laryngeal features [voice] [spread glottis] and [constricted glottis] are placed under the Laryngeal node. Clements and Hume’s (1995) model does not have the feature [pharyngeal], though they comment on it. Research has incorporated this feature taking into consideration the evidence that shows that the feature is needed to cater for the class of uvulars, pharyngeals and laryngeals (gutturals), and the low vowel [a] (McCarthy 1994, 1988; Hayward and Hayward, 1989; Mudzingwa, 2010). The model predicts that consonants and vowels that share particular place features form natural classes. For example, coronal consonants and front vowels form a natural class and the low vowels and pharyngeal consonants form a natural class (Moren 2003). This aspect of the model explains the largely predictable vowel-consonant interactions in a straightforward way. The assumed feature geometry model also makes the prediction that the Aperture features and the V-Place features can function together as a single unit in phonological rules (Clements and Hume 1995: 277). V-Place features can function as a unit independent of the Aperture features and vice versa. This is straightforwardly explained as the spreading of the V-Place node. In sum, the Feature Geometry theory is the best tool in capturing the complexity of the segments under investigation.

5 Results and Discussion 
This section provides a formal analysis of the Ndau consonantal inventory and the features assumed for consonants. While Jones (1911:8) and Mkanganwi (1973: 41) describe Ndau complex consonants as ‘multi-segment consonants’ and ‘consonant groups’, this study considers them as single, unitary segments for reasons to be outlined in subsequent sections. Based on their articulation, Ndau consonants are divided into two categories: simple and complex segments. According to Clements and Hume (1995: 253), a  simple  segment  consists  of  a  root  node  characterized  by  at  most  one  oral  articulator feature.  A complex segment has a root node characterized by at least two different oral articulator features, representing a segment with two or more simultaneous oral tract constrictions. The next section discusses simplex consonants. 
5.1 Ndau Simplex Consonant phonemes

This section presents the Ndau consonant phoneme inventory, with special reference to simplex consonants. 

5.2 Simplex Labial Phonemes 
Ndau has nine simplex labial consonants. These labial consonants are distinguished as bilabials and labio- dentals.  This gives these sounds the distinctive place feature [+labial]. Ndau consonants with [labial] as their major place articulator feature are /p b̤ p’ ph m ɓ f v̤ υ /.  The table below presents simplex labial sounds.
Table 1: Simplex labial sounds

	
	Bilabial
	Labio- dental

	plosive
	p    b̤
	

	ejected
	p’
	

	aspirated plosive
	ph
	

	implosive
	ɓ        
	

	fricative
	
	f   v̤    υ

	nasal
	  m
	


The labial consonants presented above are all simplex consonants because they are characterized by at most one articulator feature which is labial. This is explained by the fact that the feature [labial] designates sounds that are produced with the lip articulator (Clements 2000). The feature [+round] is used to describe sounds that are produced with simultaneous rounding of the lips. This is demonstrated by the feature tree below
:
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Figure 1: /ph/ as a simplex labial consonant
As shown on the feature tree above, the plosive / p/ is a simplex bilabial consonant because it has a root node that is characterized by one oral feature [labial]. The labial fricatives are also simplex because they share the same articulator feature [labial] with their plosive counterparts. The bilabial plosives can be distinguished from the labial fricatives by the feature [-continuant].  This is shown on the feature tree below,
 for the voiceless labio-dental fricative /f/. It is also different from the labial nasal /m/ because the labial nasal is [+nasal]. The above figure demonstrates that all Ndau [labial] consonants are simplex. This is accounted for by the fact that they share a similar root node which is characterized by one oral articulator feature [labial]. Moren (2003: 201) argues, “...the feature that distinguishes bilabials and labiodental /p/ versus /f/, /v̤/, using Clements and Hume’s (1995) Feature Geometry, is not clear.” He argues that there is a need to have the place feature [labiodental] and therefore, features [labial] and [labiodental] distinguish/p/ from /f/. However, this research argues that this difference is captured by the feature [continuant] because /p/ is [-continuant] and /f/ is [+continuant].
 In summation, the simplex [labial] phonemes of Ndau, that is,  /p p’ ph b̤ ɓ m f v̤ υ / are distinguished by the interaction of the root features [cons] and [son], the laryngeal feature [voice] and the stricture features [continuant] and [nasal] as shown in the above figures
. The aspirated labial plosive /ph/ is different from the unaspirated counterpart /p/ in terms of laryngeal features because the aspirated plosive is produced with a spread glottis and the unaspirated counterpart is [-voice].
5.3Simplex Coronal Phonemes
 Coronal consonants can be distinguished as alveolar, alveo-palatal and palatal consonants. The alveolar consonants/ s z t th d̤ n r ɬ ɮ l / are characterized by the features [coronal]
 and [+anterior]. In Feature Geometry, anterior coronals are viewed as segments with a coronal node dominating the feature [+anterior]. The palatal nasal /ɲ/ is characterized as [coronal] and [-anterior]. 

The following table is a simplified list of Ndau coronal consonants.

Table 2: Simplex coronal sounds

	
	alveolar
	Palatal

	plosive
	t   d̤
	

	Implosive 
	     ɗ
	

	Aspirated plosive
	th
	

	Nasal 
	      n
	     ɲ

	
	
	

	Lateral fricative
	ɬ      ɮ
	

	Lateral approximant
	l
	      

	trill
	        r
	


The [coronal] consonants in the above table show that they are divided into, plosives, implosives, aspirated plosives, nasals, fricatives, lateral fricatives, lateral approximant and a trill.  The [coronal] consonants in the above table are simplex because they are characterized by one articulator feature [coronal]. The feature tree below illustrates the simplex nature of the coronal consonants.
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Figure 2:   /s/ as a simplex coronal consonant

The above diagram captures the fact that /s/ is a simplex consonant because it is characterized by one articulator feature [coronal]. This means that /z̤/ is also simplex because it shares the same place of articulation with /s/. The two simplex coronal fricatives are distinguished from each other in terms of phonation because /s/ is [-voice] and /z̤/ is [+voice]. The feature tree below demonstrates the status of the aspirated voiceless coronal plosive /th/.
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Figure 3: /th/ 
as a simplex coronal consonant

The figure above indicates that /th/ is a simplex segment because it has a root node that is characterized by a single oral articulator feature [coronal]. It differs from /t/ in that /th/ is marked for [+spread glottis] because it is produced with an extra puff of air and whereas in /t/ is unmarked. These two segments /th/ and /t/ are different from /d̤/ because /d̤/ is [+ voice]. This explains the fact that /t/ and /d̤/ are also simplex.  The liquid /l/ is also a simplex coronal segment.  It is distinguished from all other consonants by the feature [lateral].  From the illustrations above, it is clear that the class of Ndau [coronal] phonemes is differentiated by a combination of the root feature [sonorant], the laryngeal feature [voice], the stricture of features [continuant], [nasal] and [lateral].

5.4 Dorsal Simplex Phonemes 
In Ndau, there are five dorsal simplex segments, namely /k kh k’ ɡ̤ ŋ/ and all five are velar consonant phonemes. The dorsal segments are presented in the following table: 

Table 3: Dorsal simplex consonants

[image: image4.png]elar

Plosive ¥ g
nasal ]
“Aspiraied plosive &3
Sective ¥





The feature tree below illustrates the representation of simplex [dorsal] segments.
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  Figure 4: /k/ as a simplex dorsal consonant 

The diagram above demonstrates that/k/ is a simplex consonant because it has a root node characterized by a single oral articulator feature [dorsal]. The fact that it shares the same place of articulation with /ɡ̤/ shows that the latter is also simplex. The difference is on laryngeal features where /k/ is [-voice] and /ɡ̤/ 
is [+voice]. Similarly, /ŋ/ is simplex consonant because it shares the same place of articulation with /k/. The difference is that /k/ is [-continuant] and [-nasal] whereas   /ŋ/ is [+ continuant] [+nasal]. However, they are all characterized by one oral articulator feature which is [dorsal]. The difference between /k/ and the ejected /k’/ is the fact that /k/ is produced by a pulmonic airstream mechanism and the ejected /k’/ is produced by a glottalic airstream mechanism. Furthermore, the laryngeal features for /k/ and /k’/ are different because /k/ is [-voice] and /k’/ has [+constricted glottis]. The velar nasal /ŋ/ is also a simplex dorsal segment and is different from other dorsal consonants because it is [+nasal]. Ndau has one velar nasal, a fact that reflects the markedness of this segment type in comparison to alveolar and labial nasals. As Maddieson (1984, p. 69) reports, the presence of /ŋ/ in a language implies the presence of both /m/ and /n/ but not vice versa. 
 5.5 Glottal simplex consonant
In Ndau, there is one glottal phoneme/ɦ̤/. It is distinguished from other phonemes in Ndau by the place of articulation feature [glottal].  The glottal fricative /ɦ̤/ and the other semi-vowels are grouped together within the category of glides or approximants, that is, segments which are described as [-consonant], [+sonorant]
 and [-syllabic]. The glottal fricative /ɦ̤/ is an obstruent just like any other fricative in Ndau. However, it is distinguished from other consonants in Ndau by the place of articulation [glottal] as shown below:
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Figure 5: /ɦ̤/
 as a simplex glottal consonant
 Figure 5 illustrates the fact that /ɦ̤/ is a simplex consonant because it has a root node that is characterized by a single oral articulator feature [pharyngeal]. All the consonants discussed in this section are simplex consonants because they have root nodes that are characterized by one oral articulator feature which can be [labial], [coronal], [dorsal] and [pharyngeal].

The following table presents Ndau simplex consonants;

Table 4: Ndau simplex consonant phonemes

	
	bilabial
	Labio-dental
	dental
	alveolar
	Alveo-palatal
	palatal
	velar
	glottal

	plosives
	p     b̤
	
	
	t    d̤
	
	
	k        ɡ̤
	

	Aspirated plosives
	ph
	
	
	th
	
	
	kh
	

	ejectives
	p’
	
	
	
	
	
	k’
	

	implosives
	ɓ
	
	
	   ɗ
	
	
	
	

	nasals
	m  
	
	
	    n  
	     
	ɲ
	    ŋ
	

	trill
	
	
	
	r
	
	
	
	

	 Voiced Lateral  
	
	
	
	l
	
	
	
	

	fricatives
	
	f   v̤
	
	ɬ      ɮ
	
	
	
	ɦ̤

	tap
	
	υ
	
	
	
	
	
	


5.6 Ndau Complex Consonants

Ndau has four types of complex consonants, namely, compound place consonants, manner contour segments, secondary articulation and double complexity.

 5.7 Compound place consonants
A compound place consonant is defined as a segment that has more than one articulator node, and more than one articulator, therefore, participates in realising the constriction specified by the manner features in the root (Gussenhoven and Jacobs 1998). These sounds are also called double –articulated sounds (Gussenhoven and Jacobs 1998). Sounds that are classified as compound place segments are labio-velar approximants, palatal approximants, palatal fricatives, palatal affricates, alveolar and dorsal clicks. 

5.8  Labio- Dorsal Approximants
In Ndau, there are two labio-dorsal approxiamants, namely /w/ and /w̤/
. These segments are complex place consonants because they are characterised by two oral articulator features [Labial- Dorsal].
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Figure 6 : / w
/ as a complex place segment

The feature tree above shows the fact that the labio- velar approximant /w/ is a compound place consonant because it has a root node that is characterised by two  oral articulator features [labial- dorsal]. This entails that its breathy-voiced counterpart /w̤/ is also complex because the two consonants share the same place of articulation features. They are distinguished from each other in terms of laryngeal features because / w/ is [+voice, -murmur] and /w̤ / is [+murmur].

5.9  Palatal Approximants And Alveopalatals
In this research, palatal and alveopalatal segments are classified as compound place segments. This is because  the [Coronal- Dorsal] representation offers a satisfactory description of these segments, which are typically pronounced with the tip of the tongue raised towards, or articulated with the alveolar ridge and a simulteneous raising of the tongue blade and forward part of the front towards the post alveolar area of the hard palate
. The coronal node is responsible for specifying the first type of articulation, while the dorsal node is responsible for the second 
aspect (Keating 1988). In this study, the Ndau palatoalveolar consonants, namely, /ʃ ʒ ʧ ʤ/ have the following coronal features [+anterior, - distributed]. This is accounted for by the fact that in addition to the raised front or blade there is an apical articulation with the alveolar ridge. This analysis explains the articulatory action of the tongue tip, in addition to a dorsal node with [-back], 
which explains the raising  of the front of the tongue. This representation accounts for an apparent asymmetry in the application of coronal assimilation in Ndau. The complexity of the palatal approximant /j/ is demonstrated by the feature tree below:
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Figure 7: /j/ as a compound place consonant

The feature tree above is demonstrating the fact that the palatal approximant /j/ is a compound place consonant because its articulator node is characterised by two oral articulator features which are [Coronal- Dorsal]. The two fricatives /ʃ/ and /ʒ/ are also complex because they are [Coronal – Dorsal]. This is also shown in the feature tree for the voiceless fricative alveopalatal fricative /ʃ/ below:
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Figure 8: /∫/ as a compound place consonant

 5.10 Dorsal- Coronal Click
Ndau has two compound place clicks /gǃ/ and /!/. This click is both [dorsal] and [coronal]. As Ladefoged and Maddieson (1996: 247) describe, “every click has both a tip or blade action determining the type of click, and also an accompanying velar or uvular articulation.” the [dorsal] closure is released to form a “sucking” sound with the other closure, that is, [coronal] or [labial]. The primary motivation for that analysis is that it is phonetically accurate in the sense that the segments in question do have two closures in the places specified by the articulators. Clicks are produced with two constrictions (one in the anterior part of the mouth, and one in the posterior part of the mouth) that overlap temporally and they are simultaneous phonologically.  The complexity of /gǃ/ is shown by the figure below:
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Figure 9 : /gǃ/ 
as a compound place consonant
The feature tree above shows the fact that the  dorsal click /gǃ/ is  a complex segment because it is defined  by an articulator node with two place features [ dorsal- coronal].  The coronal- dorsal click is also a compound place click. The only difference is the fact that the coronal click /ǃ/ is a compound place segment because it is defined by the features [coronal] and [dorsal] to indicate velar suction in the production of clicks.  No other language has been found with coronal-dorsal segments. “When that happens the segment is a click” (Howe, 2000: 55). Bennett (2014) argues that the featural analysis of clicks in figure 9 diverges from the earlier view that the dorsal articulation in clicks is just a reflection of the lingual ingressive airstream mechanism (velaric airstream mechanism) and not a genuine consonantal articulation, which Maddieson and Ladefoged (1989:134) describe as the ‘traditional phoneticians’ view’. The position that is maintained in this research is that clicks are compound place segments since the nature of the velaric airstream mechanism requires simultaneous closure at two places of articulation.

 5.11Secondary Articulations
In Ndau, there are two types of secondary articulation. These are post-velarization and post palatalization. It should be noted that all Ndau consonants with secondary articulation are treated as unit phonemes in the present study. In Feature Geometric terms, post-velarized segments have two place features that characterize them, one for the primary articulated segment and the other for the labio-velar approximant articulation [w]. During the articulation of the consonants, the lips are rounded in such a way that “the lips are used to form a vocalic articulation simultaneously with the articulation of these consonants” (Gussenhoven and Jacobs 1998:15). The featural representation of velarized segments is shown by the following figure.
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Figure 10: /pw/ as a complex consonant with secondary articulation

The diagram above (Figure 10) indicates that /pw/ as in /pwáʃà/ “destroy” has two distinguishable articulations, thus making it a complex consonant.  This is neatly accounted for by the fact that /pw/ has a root node that is characterized by two oral articulation features, namely, [labial] [labial].  The first [labial] oral articulator feature specification is for the [p] segment while the second [labial] specification is for the additional component specifying a vowel-like gesture of the lips for the labio-velar approximant (vocalic) element of the /pw/ segment. Therefore, Ndau velarized consonants are classified as complex segments in this study because they are characterized by multiple specifications for place of articulation, with primary and secondary places.

5.12 Post- Palatalized Consonant Phonemes
Ndau has two types of post-palatalized consonant phonemes, namely the post-palatalized coronal plosive [tj] and post-palatalized coronal trill [rj]. These post-palatalized consonant phonemes are found in the following minimal pair, /ítjá/ ‘be afraid’ and /írjá/ ‘eat’. These are secondary articulated consonants because they have two places of constriction, that is, for the primary articulation and for the vocalic segment /j/. A Feature Geometry representation of post palatalized segments is shown below:
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Figure 11: Post- palatalized coronal trill

The diagram above indicates that /rj/ as in /írjà/ ‘eat’ has two distinguishable articulations, and hence, is a complex consonant.
  This is neatly accounted for by the fact that /rj/ has a root node that is characterized by two oral articulation features, namely, [coronal] coronal].  The first [coronal] oral articulator feature specification is for the [r] segment while the second [coronal] specification is for the additional component specifying a vowel-like gesture of the blade of the tongue for the palatal approximant (vocalic) element of the /rj/ segment. 

 While in Shona dialects like Zezuru and Karanga (XXXX 2017;  Mudzingwa2010), secondary articulation is restricted to contexts in which consonants are followed by labial vowels, in Ndau, secondary articulation occurs with both labial and coronal vowels to post-velarized and post palatalized segments respectively. Secondary articulation preserves the [labial] and [coronal] features by passing on the whole V-Place node of the vowel onto the preceding consonant, where it is realized as secondary articulation. Hence this study argues that the secondary place on consonants is dependent on V-Place (Vowel Place) node which in turn is dependent on a C-Place (Consonant Place) node. Phonetically, that is in terms of their articulation, Cws are complex, hence the term complex segments, but phonologically, the post- velarized segments are simple onsets. That means in onset position and in combination with a vowel they make a CV syllable. The labial glide /w/ can combine with most simple and complex segments to form post- velarized segments. 
 5.13 Manner Contour Consonants
Manner-contour consonants change their constriction halfway through in such a way that they “have a sequence of differently valued occurrence of one same manner feature” (Gussenhoven and Jacobs 1998:195). In this study, these segments are treated as unit phonemes to maintain the syllable structure of Ndau as that of consonant- vowel (CV).  There are two types of manner contour consonants in Ndau, namely, prenasalized consonants and affricates. 

 5.14 Prenasalized Consonants
Prenasalized labial consonants are classified as complex consonants because they have a root node characterized by two manner specifications that occur simultaneously in the production of the consonants. The following Feature tree shows a feature geometry representation of all prenasalized segments.
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Figure 12: /mb/ as a manner-contour consonant

As shown in figure 12, the features [+nasal] [-nasal] define a feature plane and the two specifications should be arranged in sequence as shown in figure above.  As a result, the feature tree has two manner specifications for a unit phoneme /mb/ such that it clearly resembles a complex consonant in Ndau.  As already stressed in this study, such phonemes should not be treated as if they were a combination of [m] and [b] for this rules out the possibility of phoneme clusters in Ndau by restricting the syllable structure of Ndau to CV. Sagey (1986) argues that they can be represented by two ordered [nasal] values.  However, this generalization is challenged by many phonologists notably by Lombardi (1990) who argues that [+nasal] and [-nasal] are not chronologically ordered at all. However, this research argues that Ndau does not have a monovalent feature that is equivalent to [-nasal]. Similarly, Lass (1984) argues against using [-nasal] or the equivalent in underlying representations. The interesting observation here is that if we do not specify [-nasal] in prenasalized consonants, prenasalized sounds with plain voiceless stops are not distinguishable from plain nasals, for example [mb] and [m] have the same feature specification.
  In the analysis of prenasalized segments, the two ‘contour’ features [+nasal] and [-nasal] are situated on the same autosegmental tier and therefore, both display ‘edge effects.’ 

 5.15Affricates
Affricates are represented as internally-sequenced or contour segments whose first part has the features of a stop and whose second part has those of a fricative. Affricates are represented as a root node characterized by the sequence [-continuant] and [+continuant]. This single root node implies a single segment and the contrasting feature values imply linearity of the dependent stop and fricative features. The two stricture elements are necessarily ordered as it is physiologically impossible to produce a closure and a narrow constriction at the same time. The chronological ordering of two values of a feature in the representation of affricates comes from the fact that affricates act like stops with respect to a preceding segment and like a fricative with respect to a following segment.

Since the major articulator of a segment must execute all its stricture features, then the affricate [-continuant] [+continuant] components cannot be implanted simultaneously since they ‘involve the physically incompatible actions of narrowing and widening the vocal tract’ (Kenstowicz, 1994: 499).  As a result, [-continuant][+continuant] defines a feature plane and this can only be represented by arranging the two specifications in sequence as shown in the feature tree (Figure 13) which shows the feature specification for the ejected labial affricate  /pf’/:
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Figure 13 /pf’/ as a manner-contour consonant

As shown in figure 13 above, /pf’/ is a complex consonant in Ndau. This also applies to its voiced counterpart /bv/.  This observation is explained by the fact that it has a root node characterized by two manner features [-continuant] [+continuant]. This implies that /mv/ as in /mvura/ “water” is also a complex consonant in Ndau.  These consonants share the same place of articulation with the same two manner specifications [+continuant] [-continuant] as shown in Figure 13 above.  The only difference is that the [-continuant] of the /pf’/ element is oral while the [-continuant] element of the /mv/ segment is a nasal. In other words it is a “nasal affricate” as originally suggested by Mkanganwi (1973).  

5.16 Double Complexity
Some of the sounds that are already complex engage in secondary articulation as they gain more complex characteristics. This phenomenon was originally described by Kadenge (2008) as double complexity. These consonants are a result of both secondary articulations and contoured features.  Besides having “two place specifications; one to indicate the location of the manner of articulation and one to indicate a simultaneous vocalic articulation. They also change their constriction-type halfway through and consequently also “have a sequence of differently valued occurrences of one same manner feature” (Gussenhoven and Jacobs, 1998:195).  

 5.17 Prenasalized Labialized Consonants
The prenasalized labialized consonants are a result of the superimposition of the vowel quality features of tongue body activity to consonants that have two manner specifications of [+nasal] [-nasal] in sequence.  Such consonants are treated as double complex segments because they have secondary articulation and prenasalization at the same time in the same segment.  This can be illustrated by Figure 14 below which shows the double complexity of /ndw/ as in /ríndwá/ “to be protected”:
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Figure (14a): /ndw/ as a manner
 
Figure (14b) /ndw/ as a complex 

                        contour segment
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As shown in Figure 14 (a) above, /ndw/ can be treated as a prenasalized consonant wherein the [+nasal] specification is for the nasal element [n] of the segment /ndw/ while the [-nasal] specification is for the /dw/ element.  Moreover in Figure 14 (b), /ndw/ is captured as a complex consonant with a secondary articulation of labialization.  This implies that /nʐ/ as in / nʐéŋgá/ “dodge, avoid” is also double complex.  It has a root node with two manner specification as in Figure 14 (a) [+nasal] [-nasal] while at the same time it is treated as a complex segment with secondary articulation as shown in figure 14 (b) above.  The only difference is that /nʐ/ is [-anterior] while /ndw/ is [+anterior].  This can further imply that /mbw/ as in /mbwánáná/ “puppy” is also a complex consonant in Ndau.  It has a sequence of [+nasal] [-nasal] in time as shown in Figure 14 (a) above while at the same time it has the addition of a place node to indicate additional lip-rounding.  But the only difference is that /mbw/ is [Labial] Labial] while /ndw/ is [Coronal] Labial].

5.18 Post-Velarized Affricates
Post-velarized affricates are classified as complex because they have a sequence [-continuant] [+continuant] while at the same time they have an additional vowel-like gesture specifying tongue body velarity.  This can be shown by the feature trees below, which show the double complexity of /tʃw/ as in /tʃwáɲá/ “chop”:
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Figure 15 (a): /tʃw/
 as a manner        Figure 15 (b): /tʃw/ as a complex                          

 contour segment                                                 Segment  with secondary articulation

As shown in Figure 15 (a) above, /tʃw/ involves the incompatible actions of narrowing and widening the vocal tract such that the root node in Figure 15 (a) has a sequence of [-continuant] [+continuant].  At the same time, it involves an additional place node to indicate the simultaneous vocalic articulation during the production of the consonant as shown in Figure 15(b) above. This implies that /dƷw/ as in /dƷwáɲá/ “smash with a heavy object” is also a complex consonant in Ndau.  It has two manner specifications as shown in Figure 15 (a) above and secondary articulation of labialization as shown in Figure 15(b). 

The following table presents the Ndau complex consonant phonemes;

Table 5: Ndau complex consonant phonemes

	
	Bilabial
	Labio-dental
	Dental
	Alveolar
	Alveo-palatal
	Palatal
	Velar
	Glottal

	Prenasalized fricative
	mv
	
	
	nz     
	
	
	
	

	Prenasalized lateral fricative
	
	
	
	nɮ
	
	
	
	

	Prenasalized plosives
	mp  mb  
	
	
	nt  nd
	
	
	ŋk  ŋg
	

	Prenasalized aspirated plosives
	mph
	
	
	nth
	
	
	
	

	Affricates
	  pf    bv 
	
	
	ts  tʂ    dz                        dʐ
	ʧ  ʤ
	
	
	

	Aspirated affricates
	pfh
	
	
	tsh
	
	
	
	

	Ejected  affricates
	pf’
	
	
	ts’
	tʂ’
	
	
	

	Post-velarized

affricates
	
	
	
	
	tʃw 
	
	
	

	Post-velarized

Plosive
	pw    bw
	
	
	tw     dw
	
	
	
	

	Post- velarized implosive
	ɓw
	
	
	ɗw
	
	
	
	

	Post-velarized

Lateral
	
	
	
	   rw
	
	
	
	

	Prenasalized labialized segments
	
	
	
	ndʒ
	nʐ
	
	
	

	Prenaalized post-velarized segments
	mbw
	
	
	ndw
	
	ŋgw
	
	

	Post-velarized

Nasal
	mw


	
	
	nw
	
	
	
	

	click
	
	
	
	ǃ
	
	
	     gǃ
	

	fricatives
	
	
	
	
	∫  З
	
	
	

	Post-velarized

fricatives
	
	fw vw
	
	sw   zw
	
	
	
	

	Post- palatalized plosive
	
	
	
	tj
	
	
	
	

	Post- palatalized trill
	
	
	
	rj
	
	
	
	

	Labialized fricatives
	
	
	
	
	ʂ       ʐ
	
	
	

	Labio- velar glide 
	
	
	
	
	
	
	w   w̤
	

	Palatal glide
	
	
	
	
	
	j
	
	


6 Conclusion
In summary, this research has presented an analysis of the Ndau phoneme inventory.  The research has used Feature Geometry to explain the Ndau phoneme inventory. It has established five vowel phonemes, twenty-four simplex consonant phonemes and fifty-four complex consonant phonemes.  All these phonemes add up to eighty three. The research also proposes that Ndau complex segments are complex at the articulatory level but are unitary segments functioning as simple onsets. The major advantage of using this theory is that, it organizes features into feature trees explaining the exact internal structure of the complexity of the phoneme. This method is preferred since it does not explain the complexity of these structures from a mere articulatory perspective but provides the internal make up.  Four groups of consonants are analyzed as complex consonants. These are compound place, secondary articulation, manner contour consonants and double complexity. 
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�Please recast this 


�This paper needs serious editing; the highlighted portion I only an example.


�This needs to be made clearer for the reader to understand


�This needs to be made clearer for the reader to understand


�Editorial 


�This needs to be made clearer for the reader to understand


�I really do not consider this background as “rich”. And remember you also said earlier that little is known about the phonology of the language.


�Since the trees are numbered, it is better to refer to identify them by their numbers.


�I cannot find a feature tree for /f/


�I see only one figure above, and it does not distinguish between sounds.


�For the sake of the readers, I suggest that the +/- values of these features in square brackets should be stated. It is a different thing if the feature is not in square brackets.


�[s] is a sonorant? That is what this tree suggests.


�Just curious; is [spread glottis] also [ - voice]?


�I think it is necessary to give a phonetic description of each of these sounds having diacritics so that the reader can determine for themselves how adequate they consider the characterization. 


�Are glottal sounds [+ Son] in Ndau?


�Is / ɦ/ [+ Consonantal] in Ndau?


�How do these differ from each other? The features distinguishing them should also be specified for the other plosives in this category.


�[- voice]


�This needs a more convincing argument and justification with supporting data on the implication of this characterization to the phonetics/phonology of Ndau. In situations like this, I am aware, crosslinguistic benefits of the characterisation is also needed. Also phonetic motivation, recurrence across languages, formal simplicity in tackling language data, and comprehensiveness.





 This applies to many other parts of this paper, as subsequent comments will show. 


�Really? I think we are still talking about areas referred to as coronal.


�I do not agree that [- back] is the feature that captures the raising of the front of the tongue. It is redundant here, and we should be talking of dorsal if the sound is actually [+ dorsal] or if we need the feature to distinguish this sound from an similar one that is dorsal. As far as I see, this is not the case here, and we cannot alter the nature of distinctive features without strong motivations.


�I do not find this to be convincing.


�Now, this is a better justification, although I still have a question: 





The contact at the velum is for the initiation of the airstream mechanism, NOT FOR ARTICULATION. In terms of articulation, we should still have only one place, which suggests that these still do not have compound place… unless you can show how this is the only/best was to tackle phonological issues that exist in the language (and other languages).


�I have two question here:


These clicks should be named bcause I have a feeling that in this case, the [g-] component of this sound only indicates voicing, and nothing more.





(2) Does this click function as a sonorant in Ndau?


�Is it possible to have a source where a convincing argument that “two articulators means complex” articulation is made? Citing the source will be beautiful here. If there is no source, then the reader may need an argumentation on this and what aspect of Ndau data there is that can only be tackled ONLY by this assumption.


�This is interesting, but how is it active in Ndau phonology?


For instance, a feel that a fuller feature specification for [mb] will tell us that it is [ - Sonornt], which already distinguishes it from [m]. I feel there is need for a more comprehensive demonstration of this issue.


�Are these distinguishable in Ndau phonology?


�Does /tʃw/ exist as a phoneme s against /tʃw/ in Ndau?





The point is that there is need for data to show many of these claims.





