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Nuer (ISO 6393: nus/Glottocode: nuer1246) is a Nilo-Saharan language (Nilo-Saharan,
Eastern Sudanic, Nilotic, Western, Dinka-Nuer). The sound system of Nuer is of particular
interest because the language has a rich inventory of vocalic and suprasegmental distinc-
tions, including a large number of vowel phonemes, a voice quality contrast (modal versus
breathy), three levels of vowel length, and a tonal inventory that interacts with the voice
quality contrast.

Nuer, or Thok Nath (lit. ‘language of people’), is spoken by around 1.7 million people
(Eberhard, Simons & Fennig 2021), who refer to themselves as Naath (lit. ‘people’), in the
Republic of South Sudan and in the Gambella region of Ethiopia (see Figure 1). Within Nuer,
three dialect clusters can be distinguished - Western, Central, and Eastern. Western Nuer
is spoken to the west of the White Nile. Central Nuer is spoken on the eastern side of the
White Nile in the adjacent area. Eastern Nuer is spoken elsewhere in South Sudan and in
Ethiopia. The Eastern cluster includes three dialects: Lou and Nasir Jikany, both of which
are spoken in South Sudan, and the Ethiopian Jikany dialect. Here I report exclusively on
the South Sudanese Nuer and for most part on the system of one of the Eastern dialects -
Lou Nuer, although the description of the vowel system and voice quality is based on data
from speakers of Western and Lou Nuer, and the description of tone is based on the data
from speakers of Lou, Nasir Jikany and Western dialects. The North Wind and the Sun story
is narrated by a speaker of Nasir Jikany.

The audio recordings in this paper come from three speakers. All speakers lived in the
Nuer-speaking area until well into their late teens. At the time of the recordings, all speak-
ers resided in Nairobi, Kenya. They all use Nuer daily and attend Nuer-medium churches.
The first speaker is Rebecca Nyawany Makwach (RNM) - a female speaker of the Lou
(Eastern) dialect. Most of the recordings in this paper come from this speaker. Rebecca
was in her early to mid-forties when the recordings took place (between 2016-2022). Her
family comes from the Lou territory, and she grew up in the Waat town. In 2000 she came
to Kenya where she has resided since. She makes frequent trips to South Sudan, usually to
the country’s capital Juba. Rebecca speaks KiSwahili and English as L2. The second speaker
is Jimma Kir Guicwang (JKG) - a male speaker of the Nasir Jikany (Eastern) Nuer dialect.
This speaker narrated the North Wind and the Sun story, provided the Nuer orthographic
version of it, and contributed the data for the study of tone. Jimma was in his mid-thirties
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Figure 1. (Colour online) Map of the Nuer-speaking territories showing the distribution of the three Nuer dialect
clusters — Western, Central and Eastern; and the three Eastern dialects — Lou and Nasir Jikany of South Sudan and
the Ethiopian Jikany.

at the time the recordings were made (2018-2020). He is originally from the Nasir town in
South Sudan. At the age of six he moved to the Gambella region in Ethiopia populated by
the Ethiopian Jikany Nuer speakers. Jimma came to Kenya in 2011 where he has resided
since. He speaks English, Amharic and Anyuak as L2. The third speaker is a male speaker of
Western Nuer dialect, Peter Gatkuoth Makun (PGM), who was twenty-nine years of age at
the time of the recording (in 2018). This speaker contributed the data for the study of vowel
quality, voice quality and tone. Peter is originally from the Leer community which is one of
the Nuer sections that speak the Western Nuer dialect. He lived in South Sudan until 2010
when he came to Kenya to conduct his studies. He has recently returned to South Sudan for
employment. Peter speaks English, KiSwahili and Arabic as L2.

The data for this study were recorded using a solid-state recorder (Marantz PMD661) and
a dynamic headset-mounted microphone (Shure SM10A). When eliciting the data, between
two and three repetitions were recorded as a rule in order to maximise the chances of get-
ting good quality recordings suitable for phonetic analysis. Reported measurements were
obtained by measuring only one repetition per speaker. Usually, the first repetition was
measured, unless there were obvious problems (for example, the speaker hesitated, unclear
formant tracks, background noise, etc.), in which case one of the subsequent repetitions
was used for the measurements instead.

Consonants

The consonantal inventory that is common to all Nuer dialects consists of twenty con-
sonants. These include voiceless plosives, voiced plosives and nasals at five places of
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articulation. In addition, there are the liquids /1/ and /r/, and the three approximants

/W, j, w/.

Fricative phonemes, shown in the consonantal chart, are attested in the Lou and Western
Nuer dialects. They appear in parenthesis to indicate that their distribution is restricted
to morpheme-final position (specifically, in morphologically complex words), as will be
described below. Lou Nuer has a voiceless glottal fricative phoneme. Western Nuer has
voiceless fricative phonemes that occur at labial, dental, alveolar, palatal and velar places of
articulation, and a voiced dental fricative phoneme (Baerman & Monich 2021). This paper
presents the consonantal data as it occurs in the speech of a Lou Nuer speaker. As such, only

one fricative phoneme will be exemplified.!

Labial | Dental | Alveolar | Palatal Velar | Glottal

Plosive p bt d |t d |c 3 |k g

Nasal m n n n i}

Fricatives () © © @ (¢ (x) (h)

Lateral 1

Trill r

Approximant | w ] g o w

/p/  pat [P’?%?G] /b/  ba:n [ba:in] /m/  mat [mart']
‘clap’ ‘fold (1) ‘fold (2)

it/ tat  [t0at] i/ dam /m/  néy [ndiy]
‘cook’ ‘loft bed’ ‘love’

it tany [tany] /d/ dany /m/  nac [na:c]
‘plait’ ‘separate’ ‘heifer’

/el cam [¢am] 1y AN /' paut [na:o]
‘eat’ ‘late’ ‘plaster’

/k/ kal [kal] /gl gat [gat] M/ nat [nit]

‘fence’

‘child’

‘peel’

! Examples of sound recordings exemplifying the Western Nuer dialect cluster are available online as part of
the Nuer Lexicon database (Bond et al. 2020).
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/r/  raun [rain] n ”lzi‘g [1a81*
‘person’ ‘cotton’

/wl  wauin [wain] 1j/ jam [jam)] y/ ww wéanm [Adnm]
‘steal’ ‘cow’ ‘earth’  ‘thighs’

Examples above show Nuer consonants in morpheme-initial position.’ The fricative
phonemes do not occur in this context. The items that exemplify the phoneme /uj/ show
two allophones conditioned by the vowel quality of the adjacent vowel. The phoneme /uy/
can be realised as a glottal fricative (either voiced [A] or voiceless [h]) mostly in the context
of low vowels, and as [uf] elsewhere. The glottal realisation is attributed to a coarticulatory
effect of the maximal opening required in the production of the low vowels. In addition,
/uy/ can also be realised as a fricative phrase initially before /3/. This is evident from the
examples of wgn ‘T’ in Figure 11 and in (5a). The examples in Figure 11 show that /uy/ is
realised as either a voiced (Panel A) or voiceless (Panel B) glottal fricative. The first exam-
ple in (5a) shows that it can also be realised as a velar fricative [x]. The fricative realisation
in the phrase-initial context is attributed to particularly strong prosodic strengthening
condition.

Spectrograms for the labiovelar and velar approximants are presented in Figure 2. The
labiovelar /w/ is exemplified in word-initial position in wa:mn ‘steal’ (Panel A) and in
word-final position in up3:w ‘earth’ (Panel B). The velar approximant /uj/ is exemplified
in word-initial position in ups:w ‘earth’ (Panel B) and in word-final position in td::uy ‘plait’
(Panel C). The velar approximant has relatively high F2 and F4 compared to the labiovelar
approximant. As a result, the F1 and F2 as well as F3 and F4 are closer together for /w/ than
for /uy/. In phrase-initial position, the velar is also preceded by pre-aspiration, as is evident
from the spectrogram in Panel B.

Voiceless and voiced plosives contrast only in morpheme-initial position (this will be
justified in the discussion of the intervocalic voicing below). The voiceless plosives are
aspirated, and the voiced plosives are prevoiced.

Table 1 shows measurements of the voice onset time (VOT) for Nuer plosives. All the
measured items - 430 in total - came from onsets of monosyllabic words uttered in isolation
by a single speaker (RNM).

The relatively high VOT for /c/ in Table 1 is due to its variable realisation as either a
fricative, an affricate or a plosive. As a fricative, it can be realised either as the alveolo-
palatal or palatal. The following phonetic realisations are attested: the alveolo-palatal [¢]
in the context of high vowels, as can be seen from the auxiliary verbs ciké in (1a); the palatal
[¢], as in the word cdy ‘sun’ in (1a); the affricate [c¢], as in the auxiliary c¢ in (1c); and a
stop [c], as in the auxiliary ca:in (1d).

2 Here and throughout the paper, (%) represents the underlying floating constituent (FC), consisting of a mora
and a High tone, that occurs at the left edge of some nouns, and which surfaces only with addition of some context
but never in isolation (Reid 2019, 2021a,b). This phenomenon has also been mentioned by a number of authors in
the past, including Crazzolara (1933) who refers to it as ‘tone supporter/shifter’, Gjersge (2019) who analyses it as
‘differential object marking’, and Monich (2021) who postulates a floating mora.

3 A typical Nuer morpheme is a monosyllable of the following structure (C)V(:)(:)(C) (see the section on syllable
structure).
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Table | Mean VOT and one standard deviation around the mean for voiceless and voiced plosives rounded
to the nearest millisecond. Data from a single speaker (RNM).

Voiceless plosives

Voiced plosives

Mean VOT (ms) sd (ms) No. of items Mean VOT (ms) sd (ms) No. of items
Ipl 45 15 45 /bl —85 17 44
It 52 14 42 Il —78 17 39
It/ 44 19 58 /d/ —80 15 25
Il 87 19 18 Iy —80 22 43
I/ 6l 19 80 g/ —76 18 36
Panel A Panel B
o)
=
) 5000
: e
(2]
] 2000
é 1000
<] 01
e
w au n u 3: w
0 Time (s) 0.7405 0 Time (s) 0.5408
Panel C

Formant frequency (Hz)

Time (s)

0.5437

Figure 2. Spectrograms showing the labiovelar /w/ and velar /wj/ approximants in word-initial and word-final
positions. Panel A: wa::n ‘steal’, Panel B: udrw ‘earth’, Panel C: td:uy ‘plait’.
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(1) a. [targjaw wgént ¢3n eike té g&: wand>m]’

targjawkéne cdn ciké  té k&  ‘fpakmd>m
wind coNJ sun PFV.3PL have.NF PREP argument
‘The North Wind (lit. fence turner) and the Sun have been arguing.’

b. [¢t ra:md jd l&r bim ng upn k3 1]
cu ra:m-Jy £ lar bim ni udn k§ 31
COLL  person-MED COP.SG Say.TR.NF strong.OBL COMP 1SG PREP 2SG
‘... and one of them was saying: “I am stronger than you”.’

c. [{&@pydt lsn)
mi c¢ poat € 13y
then.DIST PFV.3SG blow.IN.NF PREP well
‘When it blew hard...

d. [ca: 3j6: upd: > wér targjaw]
ca: € jje uR: wér targjaw
PASS 3SG tel.TR.INF OK go.IMPER wind
And he was told: “Ok North Wind, go!”.

Other plosives can also be realised as fricatives or affricates word-initially. The labial /p/

can be realised as [$] or [p@] in fluent speech, as is evident from the word pwi:ndé ‘his
body’ in the two examples in (2a). The dental /t/ can be realised as [s], [t] or [t0]. The
example (2b) shows the [s] realisation in the speech of PGM. The example (2c) shows the
[t] realisation in the speech of RNM. The affricate [t 0] realisation appears in the word tin
‘in the middle of” in (2d) spoken by JKG, and in the word tdt ‘cook’ in Panel A of Figure 3
spoken by RNM.

(2) a ipj:-de kam rar pwip-de > [p3:pdz]
cloth-sc.3s6.poss  remove.TR.NF  out body-56.35G.POSS
‘... remove the cloak from his body.’
ar  kl-€ n{  fby-dt pwip-di > [pdindi]
HAB Wwrap.TR-356¢ FOC cloth-s6.35G.Poss  body-56.356.P0SS

‘..wrapped his cloak around his body.’

b. i téug-i kwdn > [s€:uyi]
2sG  abstain.from.TrR-2s¢  food.sG

‘You are abstaining from food.’

4 Sentences in (1), (2a,d), (3) and (8) come from ‘The North Wind and the Sun’ story narrated by JKG.

https://doi.org/10.1017/5S0025100323000191 Published online by Cambridge University Press


https://doi.org/10.1017/S0025100323000191

Journal of the International Phonetic Association 485

c. wsn - 6t-9 jam > [tod3]
16 pull.TrR-1s6 cow

‘I am pulling the cow.’

d. [k3 njé gw4:0 & té wE: napndm (Oin]
k§ nj¢ gwdt t té k¢  fpakndm  tin

PREP only time cop.sc have.NF PREP argument in.the.middle.of

‘As they were in the middle of the argument...

Figure 3 shows spectrograms for the dental and alveolar stops in word-initial position.
The alveolar plosives (Panels C, D) are characterised by the relatively higher F2 at the point
of the transition into the vowel compared to the dentals (Panels A, B).

The palatal /3/ can be realised as [z], as in (3a). The velar /k/ can be realised as [kx] in
fluent speech, as is evident from kooli (glossed as wrap-PL) ‘wrapping’ in (3b). The alveolar
/d/, is typically realised as a stop [d], as can be seen from the 3sg possessive suffix in the
word “bi-d¢ ‘his cloth’ in (3c). In fast speech it can be additionally realised as either an
affricate [dz] or a tap [r], as in the two renditions of the same word in (3b).

Panel A Panel B
N
=
&
5
&
b
g
E
(=]
=
© i t d a )
0 Time (s) 0.4004 0 Time (s) 0.6994
Panel C
w
=
by
=}
QL
=
54
;-
g
E
(=]
[
t a u
0 Time (s) 0.5437 0 Time (s) 0.7892

Figure 3. Spectrograms showing the dental plosives /t/ and /d/ (Panels A, B) and alveolar plosives /t/ and /d/ (Panels

C, D) in word-initial position. Panel A: tdt ‘cook’, Panel B: dag ‘loft bed’, Panel C: td:ruy ‘plait’, Panel D: dd::uy
‘separate’. The annotation tier shows phonetlc transcription.

https://doi.org/10.1017/5S0025100323000191 Published online by Cambridge University Press


https://doi.org/10.1017/S0025100323000191

486 Reid

(3) a [kgewdt¢ geyzd:l me yzil]
ki ci ® & ke 331 m}, Rl
PREP COLL 356 have.NF PREp traveller REL.SG travel
‘There was a traveller travelling...
b. [brambd l&oh b:l.ZdAZ:(: b> w3 md kw kJI¢ bi:re piipde]
bl ram-> kool-1  "bi:-d: bt wd  mi
FUT person-MeD wrap-pL cloth-s6.3s6.Poss FUT.3s6 go.NF then.pisT
ki &  kooli  Pbi-d¢ pwain-de
colL  3sG wrap-PL  cloth-s6.3s6.poss  body-sG.3sG.Poss
‘...the person will be wrapping the cloak more tightly around himself.’
c. [ m3:dt my:0 ¢iraun bud: wy ms kdme 3t rar & m3::s]
& mj::t & m3:t ci ramn bl-dé Wy mé

cop.sG  slow cop.sc slow colL person cloth-s6.3s6.Poss go.NF when.psT

o

kdm-¢€ 3§ rar my::t

remove.TR-3SG 3sG out COP.sG slow

‘Slowly, the person started to unwrap his cloak.’

In the majority of Nuer dialects, the phoneme /uj/ can occur only morpheme-initially.
In Lou Nuer as well as in the Western Nuer it can additionally occur morpheme-finally. In
their investigation of Western Nuer, Monich & Baerman (2019) attribute the occurrence of
this phoneme (as well as the fricative phonemes) morpheme-finally to consonantal lenition
as a function of morphology. Consonantal lenition is also the likely source of the phoneme
/h/ in Lou Nuer. This phoneme occurs only morpheme-finally (and more specifically, in
certain morphological contexts). The morpheme-final /uj/ and /h/ in Lou Nuer both orig-
inate from /k/ which is found in the corresponding lexical items in the non-leniting
Nuer dialects.® At least in Lou Nuer, the contrast between /k/ - /uj/ - /h/ is phonemic in
morpheme-final position, as is evident from the examples in (4).

(4) tlenk [tlenk] tienyy [tiemwy) cieth
‘raft’ ‘of necklace’ ‘metal bracelet’

Voicing in plosives is not contrastive in morpheme-final position. The examples of the
verb ‘catch’ in (5) show that plosives are voiced when followed by a vowel (5a) or a sono-
rant (5b), and voiceless before another plosive (5¢) or in the pre-pausal position (5d) where
they are often unreleased. There is no good reason to assume that the morpheme-final
plosives are either voiced or voiceless underlyingly. Here I make an arbitrary decision to
represent them as voiceless underlyingly, and subject to voicing when followed by a vowel
or a sonorant consonant.

5 The narrator of ‘The North Wind and the Sun’ story speaks the Nasir Jikany (Eastern) dialect that does not
have morphological lenition. However, a purely phonetic lenition occurs in fast speech for this speaker. A lenited
realisation of /k/ can be observed in the word “ndkndm and in the preposition k¢ in the first sentence of the
story. Note also that the nasal /1/ is realised as [uy] in the words “ydkndm and piie:t in sentences 1 and 8 of the
story, respectively. I have not found this to be a regular phenomenon.
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(5) a. [x3n ka:b) raun]
wdn ka:p-3 razn
1sG catch.tr-1s6 person

‘l am catching the person.’

wEn cgd raxn kd:p ES weng > [ka:b 3]
1SG PFV.1sG  person  catch.TR.NF  PREP here

‘[ was catching the person here.’

b. [kib 5]
kap 18j
catch.IMPER animal

‘Catch the animall’

c. kén kap-ke razn >  [ka:pke]
3pL  catch.TR-3PL person

‘They are catching the person.’

d. wgn c3 raun ka:p > [ka:p]
1sG PFV.1sG  person  catch.TR.NF

‘I was catching the person.’

The voicing alternation is morphologically conditioned. Specifically, the status of the
consonant as either morpheme-initial versus final is important here. Example (6) shows
that /k/ occurs in the intervocalic position in syllable onsets in the words jé:k-& and tét-
ni-kd. Despite the phonologically identical environments, the intervocalic voicing occurs
only in the morpheme-final position, but not suffix-initially.

(6) lext  tét-ni-k3 1ék-E >  [tédniks 3é.gE]
dirt.sc hand.pL-0BL-PL.1sG.POSs  be.bad.IN-3sG

‘The dirt of my hands is bad.’

In fast speech there are also apparent exceptions to this generalisation, as is evident
from the realisation of /k/ in the preposition k¢ as either [g] in (1a) or [uf] in (2d).

The behaviour of the dental plosive in the pre-pausal context provides another excep-
tion to the voicing generalisation. It can be realised as a voiced fricative [8] when preceded
by the short low vowel. This is shown by the example for ‘cotton’ in (7a). Furthermore, the
voiced fricative can have a lateral release [0'], as can be seen in another rendition of ‘cotton’
given under the consonantal chart. Compare this to the voiceless realisation with the nasal
release when the dental plosive follows a high vowel in (7b). Voicing does not occur in the
pre-pausal context when the preceding low vowel is overlong, as is seen from the example
for ‘plaster’ pd::t [nd::0] under the consonantal chart.

(7)  a. [lag]
Hat

‘cotton’
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b. [kit"]
kit

‘traditional bag’

In addition, the following realisations have been attested in morpheme-final position:
the dental plosive is realised as a voiced fricative [8] intervocalically and as voiceless frica-
tives [0] or [s] pre-pausally, as seen from the three repetitions of the word m3::t ‘slowly’
in (3c); and the alveolar plosive can be realised as an affricate [t¢] pre-pausally, as in the
example pqt ‘clap’ under the consonantal chart.

Utterance and morpheme boundaries condition the realisation of the phoneme /r/. It
tends to be realised as a trill utterance-initially or utterance-finally, i.e. under particularly
strong prosodic strengthening conditions, although it can also be realised as a trill phrase-
medially, as in the word rd:r ‘outside’ in (8a), and even at a morpheme boundary, as in
the word tdrgjaw in (1d) which literally translates as ‘shield turner’, consisting of tdr ‘turn
inside out’ and gjaw ‘shield’. Saying that, the medial context usually renders the realisation
of the phoneme as a tap [r], as can be seen from the word tdrgjdw in (1a). In addition, the
voiceless realisation [r] is attested morpheme-finally at the utterance boundary, as can be
seen from the word rd:r in (8b).

(8) a.  [bra:md i€ be kamra:r]
bi ram-> 1€ bE kam rar
FUT person-MED 3SG FUT.3SG  remove.TR.NF out

‘that person, he will remove...

I3

b. ci € kam raxr > [ra:r]
COLL 3sG remove.TR.NF out

‘... and [he] removed it.’

Consonantal clusters are rare in Nuer. They mostly occur when suffixal morphology is
added to stems that end in a consonant. Both the stem-final and suffix-initial consonants
are realised in such cases (e.g. in (5¢)), with the exception of identical or homorganic con-
sonants which do not geminate but are realised as a singleton consonant instead.® Other
than at the morpheme boundaries, consonantal clusters can occur in fluent speech through
deletion of the intervening vowels, as is exemplified by the realisation of b} ra:m-5 in (8a).

Vowel quality and voice quality

Nuer vowels contrast in terms of vowel quality and voice quality. Overall, there are twenty-
two vowel phonemes in Nuer - fourteen monophthongs /i, i, e, ¢, €, 9, a, 8, 9, 2, ©, 0,
0, u/ and eight diphthongs /ie, ig, ea, ea, 00, 99, 03, 9a/. Here I transcribe the vowels
on the basis of their phonetic properties. In the recent literature on the South Sudanese
Nuer dialects (Baerman, Monich & Reid 2019; Reid 2019; Bond et al. 2020; Monich 2020;
Baerman & Monich 2021) these vowels are represented as /1, i, €, ¢, €, A, a, &, 9, 2, O,
0, U, U, T¢, ig, €a, ealga), uo, Uy, 0a, pa/ based on their behaviour in morphophonology.
Somewhat different vowel inventories are proposed for the Ethiopian Jikany Nuer (Faust

¢ Irina Monich (p.c.) notes that sequences of identical sonorant consonants can be realised either as geminates
or as singletons depending on the rate of speech and deliberation. From my own observations, whereas the speak-
ers would indeed have gemination in repetitions when asked to speak slowly, I have not noted any gemination in
fluent speech.
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& Grossman 2015; Faust 2017; Gjersge 2019), most notably, the diphthongs /ea, ¢a(ga)/ are
not reported for this dialect.

The combinations of backness and height are shown in the Nuer vowel quadrilateral.
Note that the symbol used to transcribe the phonetically central vowel [a] throughout this
document is /a/.

The voice quality contrast is binary: vowels are either modal or breathy. The monoph-
thongs and diphthongs are split into two equal sets of eleven phonemes: the modal vowels
/i, e, €, a, 0, o, 0, ie, ea, 09, 0a/ and the breathy vowels /i, ¢, 2, a, 2, 9, U, i¢, €2, 092,
2a/. Voice quality contrast does not occur for all vowel qualities. For example, the vowel /&/
does not have a breathy counterpart, and the phoneme /3/ does not have a modal counter-
part. Because the vowel quality and voice quality are not symmetrical, both contrasts are
treated together in this section.

The Nuer vowel phonemes are exemplified in (9). The breathy schwa /9/ phoneme is a
full vowel which, just like all other Nuer vowels, appears in three levels of vowel length. In
addition, a schwa can occur as a result of vowel reduction (for example, in fast speech). The
sentence in (1b) exemplifies this for a short suffix /-0/ in ra:m-3 and for the copula &.

©) W tik [(K] /il tk [tK]

‘necklace’ ‘chin’

lel  tét [tex] le/  tét [tét]
‘hand’ ‘hands’

/el tet ol taut  [t3:6]
‘claimed back something’ ‘moulded’

/a/  tap[tap] /al  tait
‘tobacco’ ‘be aroused’

/ol thuj [tdxj] fal 13y
‘seeds of date tree’ ‘sleep’

lol  Ftéup [téup] /ol Ftén
‘of a pipe’ ‘pipe’

/o/  t6i [to:] /o tdm
‘smoke’ ‘horn’

/ie/ tlenuy [tlenuy] /ie/  tich
‘of necklace ‘chins’
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/ea/ tean /ea/ téan

‘dry branch’ ‘secret’
/oa/ t3aij /oa/ thauj

‘seed of date tree’ ‘made someone sleep’
/09/ t6o:l [toorl] /0o/ tooit

‘of smoke’ ‘of young bull’

Diphthongs can be realised as monophthongs under various conditions (Reid 2019: 69-
75). The resulting monophthong usually corresponds to the second component of the
diphthong. This is particularly true of the diphthongs /00, 99/ preceded by labial con-
sonants, as is shown by the realisation of pdot as [pdd] in (1c). Short diphthongs can be
realised as monophthongs in fast speech, as is evident from the realisation of kool-i as

[kx)It] in (3b).

The remainder of this section deals separately with the monophthongs and diphthongs,
respectively.

Monophthongs

An instrumental analysis of Nuer monophthongs was carried out to investigate vowel qual-
ity and voice quality. The data for the study came from two Nuer speakers: RNM - a female
speaker of the Lou (Eastern) Nuer dialect, and PGM - a male speaker of the Western Nuer
dialect.

The data set is exemplified by selected examples in (10). The full data set, supplemented
by audio recordings, is available in the Appendix. All items were embedded in carrier sen-
tences where the target word occurred in phrase-medial position. All vowels came from
the verb stems shown in bold. Many of the items were near-minimal pairs. Note that in all
examples, the High toneme with modal vowels is realised as a falling contour (as per section
on tone); the preposition /e/ is often realised as [9] here and throughout the paper (as per
section on vowel and voice quality).

(10) yin  téitd dwour

2s¢  claim.back.TR-2s6¢  thing

‘You are claiming back the thing.’

upn  tet-3 £ WENE

1s6  claim.back.ap-1s6¢ PREP here

‘I am claiming back here.’

i teitd £ WENE

2s¢  claim.back.ap-2sc  PREP  here

“You are claiming back here.’

The data added up to 151 items across the two speakers. Seventy-four items came from

RNM and seventy-seven items from PGM. An item stands for an individual word; no repe-

titions were used in this study. Each phoneme occurred in between seven to fifteen items
across the two speakers. Each speaker uttered between three to eight items for each vowel.
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Figure 4. z-transformed F| and F2 values for the fourteen Nuer monophthong vowel phonemes: means (dots)
and one standard deviation around the mean (ellipses). Breathy vowels are marked by empty dots and interrupted
line ellipses. Modal vowels are marked by filled dots and solid line ellipses. The data come from two speakers: a
female speaker RNM (Lou, Eastern Nuer) and a male speaker PGM (Western Nuer).

The data was analysed using Praat software (Boersma & Weenink 2005). Vowel onsets and
offsets were segmented in line with the segmentation guidelines in Turk, Nakai & Sugahara
(2006) with one divergence: the burst phase of the voiceless stops was not included into the
vowel portion.

In order to investigate the vowel quality contrast, the acoustic measurements of F1 and
F2 were obtained and analysed. For the voice quality study, measurements of the energy dis-
tribution across the frequency range were obtained and analysed. I report the procedures
and findings in turn, starting with the vowel quality study.

In processing the data for the vowel quality study, a Praat script (Remijsen 2015) was
used to measure the first two formants (F1 and F2) of the target vowels at the temporal
mid point. The formants for each file were also checked manually. R (R Core Team 2021) was
used to process the data and the package phonR (McCloy 2016a,b) was used to plot the vowel
charts, The measurements were z-transformed by speaker (Lobanov 1971) to normalise for
between-speaker variation.

Figure 4 shows that there is a considerable overlap in the phonetic vowel quality between
some of the vowel phonemes, as seen from the standard deviations. This is especially
true for the pairs of vowels that differ with respect to voice quality (e.g. /e/ and /¢/;
/i/ and /i/, etc.). Vowels with the same voice quality do not tend to overlap in their for-
mants. The exceptions are the vowels /o/ and /e/, /i/ and /e/, /e/ and /¢/, and /u/ and
/e/, all of which show some overlap in the formants, as is evident by considering their
ellipses. These vowel pairs can sometimes be difficult to tell apart (at least for a non-native
speaker).
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For the voice quality study, a range of measurements of energy distribution across
the frequency range were made. Here I report the results for two of them: Cepstral Peak
Prominence (CPP) and Spectral Emphasis (SE) (Traunmiiller & Eriksson 2000).

The CPP measure - a measure of dysphonia - measures the difference in the amplitude
between the harmonic and inharmonic components of the source spectrum (Garellek 2019:
84). This measure is employed to differentiate between the modal and non-modal voice
qualities since the breathy and creaky phonation types are expected to have a smaller dif-
ference between harmonic and inharmonic components than the modal phonation. Thus,
the CPP measure is expected to be higher with modal vowels than with breathy and creaky
vowels.

The SE measure was chosen over other spectral tilt measures (e.g. H1-H2, H2-H4, etc.)
on the basis of the linear discriminant analysis (Garellek 2020) according to which the SE
measure has the highest correlation (r = -1.2) out of all measures used (of which the next
highest were H1*-A2* r = 0.26, and H2*-H4* r = 0.09). The SE measure was also shown to be
the most reliable spectral tilt measure for another West Nilotic language, Shilluk (Remijsen,
Ayoker & Mills 2011).

The SE reflects the relative contribution of the energy in the high frequency band (above
1.5 times the fundamental frequency) to the overall intensity (Traunmiiller & Eriksson 2000;
Remijsen et al. 2011). It is expected that the non-breathy vowels will have more energy
in the higher frequency band than the breathy vowels, and thus we expect higher val-
ues for the non-breathy vowels and lower values for the breathy vowels according to this
measure.

In sum, the CPP measure indicates the contrast between the modal and non-modal
phonation types; the SE measure indicates the contrast between breathy and non-breathy
phonation types. Taken together, these measures can be used to disambiguate modal and
creaky voice qualities.

The measurements for the voice quality study were made using Praat scripts. CPP was
measured by a script provided as part of Praatsauce (Kirby 2018), which is based on the
suite of scripts by Mills (2010). The SE measure was calculated using an implementation of
a procedure within the same suite of scripts by Mills (2010). The measurements were taken
from the middle of the segmented vowel portion.

The measurements were analysed and graphically represented in R (R Core Team 2021)
using the tidyverse package (Wickham et al. 2019). In order to normalise for between-
speaker variation, the measurements were z-transformed. For the CPP measure, the
non-normalised results were used.

The results for the CPP measure are shown in Figure 5. The means for the perceptually
breathy vowels are consistently lower than for the corresponding modal vowels. At the
same time, there is a lot of overlap in the standard deviations for all of the vowel pairs,
suggesting the absence of contrast according to this measure. Because CPP differentiates
between the modal and non-modal phonation types, the absence of contrast in Figure 5 may
indicate that there are no phonetically modal vowels in Nuer. Alternatively, the breathy
tokens might not be very noisy (i.e. more ‘slack’), and this could make them look similar to
modal vowels in terms of their noise profile.

Figure 6 shows the means and standard deviations for the SE measure. The vowels /i, e,
€, a, 9, 0, 0/ have higher means than the vowels /i, ¢, 9, a, 2, o, u/. This supports the
perceived voice quality contrast between the two vowel sets, with the latter set being more
breathy than the former set.

With the exception of the two vowel pairs (/i/ and /i/, and /o/ and /3/) for which some
overlap in the standard deviations is found, the vowel pairs with the same vowel quality do
not show any overlap. This constitutes the evidence that the voice quality contrast in Nuer
is categorical.
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Figure 5. Cepstral Peak Prominence (CPP) measure (a measure of harmonics-to-noise ratio) showing results for
the fourteen Nuer monophthong vowel phonemes: means (dots) and one standard deviation around the mean
(wickers). Solid line — modal vowels, dashed line — breathy vowels. The data come from two speakers: a female
speaker RNM (Lou, Eastern Nuer) and a male speaker PGM (Western Nuer).
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Figure 6. z-transformed spectral emphasis values (dB) showing results for the fourteen Nuer monophthong vowel
phonemes: means (dots) and one standard deviation around the mean (wickers). Solid line — modal vowels, dashed
line — breathy vowels. The data come from two speakers: a female speaker RNM (Lou, Eastern Nuer) and a male
speaker PGM (Western Nuer).

A configuration where (i) the noise component in the spectra is about the same as with
the breathy phonation (as is evident by the CPP results), and (ii) the energy in the higher
frequency band is greater than with the breathy phonation (as is evident by SE) is indicative
of the creaky phonation type (Garellek 2019: 90). Therefore, I conclude that, on the basis of
the data from two Nuer speakers, the vowels that fall into the modal category in Nuer are
phonetically creaky.’

7 Perceptual creakiness of the non-breathy vowels has also been reported for the closely related languages Dinka
(Andersen 1987) and Reel (Reid 2010).
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Figure 7. Formant trajectories of the Nuer diphthongs. Data from a female speaker RNM (Lou, Eastern Nuer).
Diphthongs (in italics) are shown as trajectories with means corresponding to the first component represented as
dots, and means corresponding to the second component as arrow heads. Solid line — modal diphthongs, dashed
line — breathy diphthongs. The non-normalised means for the monophthongs for RNM are presented as dots for
reference and signposted with the non-italicised vowel graphemes.

Diphthongs

The eight Nuer diphthongs /ie, ig, ea, €a, 09, 03, 0a, 3a/ are all opening diphthongs,
with the second element of a diphthong being more open than the first element. Both
components of any given diphthong are of roughly equal duration and have the same voice
quality.

Nuer diphthongs were measured to study vowel quality. The data was obtained from a
single speaker RNM who speaks the Lou (Eastern) Nuer dialect. For each diphthong, seven
different words (items) were recorded. The total number of items for all diphthongs was
thus fifty-six. The recording and segmentation procedure for diphthongs was the same
as for the monophthongs (described above). A Praat script (Remijsen 2015) was used to
measure the first two formants (F1 and F2). The values for F1 and F2 of a diphthong were
obtained at 25 per cent and at 75 per cent into the vowel following the procedure outlined
in Reid (2010: 60-62). The results were processed and represented in R (R Core Team 2021)
using the R package tidyverse (Wickham et al. 2019) following the procedure outlined in
Stanley (2018).

Figure 7 presents mean diphthong trajectories for the eight Nuer diphthongs together
with the means for the Nuer monophthongs. Because the data for diphthongs come
from the speaker RNM, the means for the monophthongs plotted in Figure 7 are the
non-normalised values for this speaker alone.

Figure 7 shows that some of the diphthongs start and end around the mean points for
the corresponding monophthongs, whilst others do not. Specifically, the diphthongs that
end in the low vowels have higher F1 than the monophthongs /a, a/. In addition, the first
components of the diphthongs /oa/ and /pa/ are more centralised than the monophthongs
/2, 3/.

The modal and breathy diphthongs /0o/ and /ga/ have the same vowel quality. In partic-
ular, the formants of the first component correspond to the formants of the monophthong
/o/. 1 represent these diphthongs uniformly as containing the high-mid vowel, in spite of
the fact that there is no corresponding breathy monophthong */g/ in the language.

The transcription of the diphthongs that start or end in the front mid vowels requires
some justification. Figure 4, which presents means and standard deviations around the
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mean for the Nuer monophthongs, shows that there is some overlap in the formants of the
monophthongs /¢/, /e/ and /¢/. The four Nuer diphthongs containing the mid front vowel
/ie, ig/ and /ea, ga/ start and end, respectively, within the range of that overlap. For the
sake of uniformity, I represent them as containing the vowels /e/ and /¢/ notwithstanding
the fact that the modal /e/ monophthong has a somewhat higher F1 mean.

The above observations show that, unlike the monophthongs, the diphthongs involve
only three levels of height - high, mid and low.

Vowel length

The Nuer vowels come in three degrees of vowel length: short (e.g. /i/, /ie/), long (e.g. /i:/,
/ie:/) and overlong (e.g. /iz:/, /iex/).® This contrast is phonemic in Nuer and the distinc-
tion is found in monophthongs (11) and diphthongs (12) alike. The two components of the
diphthongs are roughly of equal duration.

(11) a. wsgn c3 raxn lep bé:p
1s6 PFV.1SG  person  Open.APPL.NF door

‘I was opening the door for the person.’

tir{ ke le:p tl gow
DEM.PLPROX ~ COP.PL tongue.PL RELPL  good.PL
‘These are good tongues.’

kan cékd nant le::p ba:p-ni
1PL PFV.IPL  people  open.MUL.APPL.NF door-PL

‘We were opening doors for people (many times).’

b. kdn t3t kan
1pL mould.AP.FIN 1PL

‘We are moulding.’
kan cikd Adanr-{ €t €  weng
1L PFV.IPL  pot-PL  mould.TR.NF PREP here

‘We were moulding the pots here.’

jEn  cE t3:: €  weng

Je=

3sG¢ Prv.3s¢  mould.AP.NF PREP here

‘S/he was moulding here.’

8 Studies by Baerman et al. (2019), Reid (2019), Bond et al. (2020), Monich (2020), Baerman & Monich (2021)
represent the vowel length by adding extra graphemes as follows: short /s, 0a/, long /29, 0aa/, and overlong /009,
oaaa/. Gjersge (2019) represents the three-way vowel length contrast as short /o/, half-long /o'/, and long /2:/.
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(12) wgn cgd rain plem bé:l
1sG PFV.1sG  person  serve.punches.APPL.NF  Bool

‘I was punching Bool for the person.’

wen cg ple:m € Weng
1s6 PFV.1SG  serve.punches.AP.NF PREP here

‘I was serving punches here.’

wén cdur-9 ple::m €  weng

1s¢  think.about.TR-1s6 serve.punches.vN.PL PREP here

‘l am thinking about serving punches here.’

The durations of the monophthongs and diphthongs were subject to an instrumental
study. The dataset came from RNM (Lou, Eastern Nuer). It was recorded, segmented and
processed using the same procedure as in the study of vowel quality. Vowel durations were
obtained from the stem syllables of disyllabic (stem-+suffix) finite verbs, presented in bold
in (13). All the words occurred in sentence-medial context. The measured data included
both monophthongs and diphthongs.

(13) a. Short vowels
wén bil-g dwdur
1sG taste.TR-1sG  thing

‘I am tasting the thing,’

ugn  mat-§ na:t

1sG  unite.TR-1sG people

‘l am uniting people.’

ugn  pam-g € WENE
1sG  yawn.IN-1sG PREP here

‘[ am yawning here.’

ugn  dool-3 naxt kel
1s6¢  bring.together.TR-1s6 people together
‘l am bringing people together.’

b. Long vowels
udn  te:l-g € WENE
1s6  break.ap-1s¢ PREP here

’

‘I am breaking here (of maize or long straw-like objects).

wén nie:n-3 €  weie
1s6  sleep.IN-1sG PREP here

‘l am sleeping here.’
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c. Overlong vowels
wgn  parm-3 £ WENE
1SG  yawn.MUL.N-1s6 PREP here

‘I am yawning repeatedly here.’
wén die:r-3 € WENE
1s6 ~ worryIN-1sG PREP  here

‘l am worrying here.’

Table 2 and Figure 8 present the descriptive statistics for duration of short, long and
overlong monophthongs and diphthongs. The means and the standard deviations are
well separated for the vowels of the same type, i.e. comparing separately the durations
of monophthongs and that of diphthongs. Diphthongs are on average longer than the
monophthongs of the corresponding vowel length, so that shorter diphthongs are about
as long as the longer monophthongs.

Vowel durations can vary as a function of vowel quality with the high vowels having
shorter durations than the non-high vowels (e.g. the vowel /i/ in the stem syllable of ‘taste’
in (13a) is 81 ms and the vowel /a/ in the stem syllable of ‘unite’ in (13a) is 104 ms).

Vowel durations can also vary as a function of context. Vowels are longer in phrase-final
position (or in words uttered in isolation) than in phrase-medial position due to phrase-
final lengthening (Reid 2019: 49).

Tone

Nuer is a tonal language. Word-level stress is not attested in Nuer.

There are three tonemes in the South Sudanese Nuer dialects: High, Mid and Low (Reid
2019).° The tonemes have a variety of phonetic realisations as a function of syllable prop-
erties. The realisation of the tonemes is primarily conditioned by the voice quality of the
vowel and, to a lesser extent, by vowel length (Reid 2019; Monich 2020).

With respect to voice quality, the realisation of the High and the Mid tonemes appears
to serve as one of the perceptual cues of the phonation contrast. This is exemplified in
Figure 9 which shows the realisation of the three tonemes on the modal (Panel A) and
breathy (Panel B) vowels. The data set for Figure 9 came from a near-minimal set for tone.
The tonemes occur in the initial syllables of disyllabic verbs embedded into carrier sen-
tences. The data come from a speaker RNM (Lou, Eastern Nuer); each sentence was uttered
once. The f0 from the initial syllable was measured and time-normalised using a Praat script
(Remijsen 2004), and plotted in R (R Core Team 2021) using the package tidyverse (Wickham
et al. 2019).

Figure 9 shows that the High toneme (black lines) is realised with a falling trajectory in
a syllable with the modal vowel (Panel A) and as level high in a syllable with the breathy
vowel (Panel B). The Mid toneme (grey lines) is realised as mid level with the modal vowel
(Panel A) and as a rise with the breathy vowel (Panel B). The Low toneme (light grey lines)
has a uniform low level realisation with both phonation categories, although the f0 is
relatively higher with the modal vowel (Panel A) than with the breathy vowel (Panel B)."

% See also Monich (2020) who postulates a system of High, Low and Rise for the South Sudanese dialects; and
Gjersge (2019) for a description of the Ethiopian Jikany dialect with a four-toneme inventory: High, Fall, Mid and
Low.

10 FQ traces presented in Figure 9 correspond to the results of an instrumental study by Gjersge (2019: 55-56)
based on the data from six native speakers of the Ethiopian Jikany dialect, and by Monich (2020) who shows fo
traces in disyllabic words based on the data from speakers of the South Sudanese Nuer dialects.
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Table 2 Summary of duration measurements. Nuer monophthongs and diphthongs as spoken by RNM — a
female speaker of Lou (Eastern) Nuer dialect.

Monophthongs Diphthongs

Vowel length Means (ms) sd (ms) Number of items Means (ms) sd (ms) Number of items

Short 90 14 29 119 16 14

Long 137 10 22 169 12 Il

Overlong 177 15 16 216.5 17 14
short long overlong

200

150

100 ‘|'

monophthong I monophthong I monophthong
diphthong diphthong diphthong

Time (ms)
F——

Figure 8. Duration measurements showing means and standard deviations (one sd around the mean) for short,
long and overlong monophthongs and diphthongs in Nuer. Data came from stem syllables of disyllabic verbs in
phrase-medial context uttered by RNM — a female speaker of Lou (Eastern) Nuer dialect.

The difference in the realisation of the High and Mid tonemes over vowels that differ
in phonation type is akin to the contrast observed in the voice register languages (e.g.

Henderson 1952; Huffman 1976; Wayland 1997; Ta, Brunelle & Nguyén 2019; Brunelle &
Kirby 2016). There is, however, an important difference: the breathy phonation in Nuer
is associated with the relatively higher pitch compared to the modal phonation. This is the
opposite of what occurs in the voice register languages where the breathy phonation is
associated with the relatively lower pitch than the modal phonation.

Within the same voice quality category, the Nuer tonemes can have a nearly identical
f0 height in certain contexts, which often makes it difficult to tell them apart (at least for
a non-native speaker). This is true of the Mid and Low tonemes in syllables with modal
vowels and of the Mid and High tonemes in syllables with breathy vowels. The contrast in f0
height between the Mid and Low tonemes with the modal vowels is often small. Reid (2019:
143-144) reports a 15Hz difference between the levels of the Mid and the Low tonemes. The
overlap in the realisations of the Mid and the High tonemes in syllables with breathy vowels
is illustrated in Figure 10 where the target Mid is represented by a dashed line and the target
High is represented by a solid line. As with the previous examples, the data comes from
disyllabic words (verb stem+suffix); both sentences were uttered once by three speakers of
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Panel A Panel B
sl . T
200 200
N H
T . ‘M
180 e L
160
160
[mé.d3] (black line) [mé.di] (black line)
win  mét-3 razn  dwdir Jin mét-i razn  dwdir
1sSG  taste.APPL-1SG person thing 2SG  taste.APPL-2SG person thing
‘I am tasting the thing for the person.’ “You are tasting the thing for the person.’
[me:.d3] (grey line) [mé:.di] (grey line)
wdn  met-3 gwa:ni Jin me:t-i pwa:ni
1SG  taste.MUL.TR-1SG. thing.PL 28G  taste.MUL.TR-2SG thing.PL
‘I am tasting things (many times).’ “You are tasting things (many times).’
[me:.d3] (light grey line) [m¢:.di] (light grey line)
wan  meit-d ¢ weng Jin me:t-i ¢ weng
1SG  taste.AP-1SG PREP here 2SG  taste.AP-2SG PREP here
‘I am tasting here.’ ‘You are tasting here.’

Figure 9. Normalised fO patterns in syllables with modal vowels (Panel A) and breathy vowels (Panel B). High —
black line; Mid — grey line; Low — light grey line.

Nuer: a speaker of the Lou dialect RNM, a speaker of the Western dialect PGM, and a speaker
of the Nasir Jikany dialect JKG. The target tone occurs in the first syllable to the left of the
vertical line, and the second syllable occurs after the vertical line. Figure 10 shows that the
two tonemes in the first syllable (before the vertical line) start off and end at about the same
f0 level. The main difference is in the alignment: the Mid tone (dashed line) is realised as a
rise, and the High tone (solid line) is level high for most of the portion of the syllable. The
underlying High tone in the suffixes (after the vertical line), however, is saliently different:
it is level high after the Mid (dashed line), and it has a falling f0 after the High (solid line)."
In this case, the difference in the f0 alignment in the first syllable is less salient than the
difference in the suffix. As such, tone in the suffix can be used as a diagnostic of the tone in
the stem syllable.

Vowel length can also be a factor that affects the realisation of the tonemes. For example,
the realisation of the Mid and High tonemes over breathy vowels can differ depending on
vowel length. The rising realisation tends to occur more frequently with long and overlong
vowels than with short vowels. With short modal vowels, the High toneme can have a level

1 The suffix in both verb forms in Figure 10 is analysed as High-toned underlyingly but is subject to a dissimila-
tory lowering process that occurs in this environment and that turns the High into a Low tone following another
High, but not following a Mid (or Low) tonemes (Reid 2019: 152; Reid 2021a). In Figure 10 then, there is a High stem
followed by a Low suffix (solid line) and a Mid stem followed by a High suffix (dashed line). A different analysis has
been proposed by Gjersge (2019) and by Monich (2021) who treat the suffixes as toneless underlyingly and subject
to polar tone assignment that depends on the tone in the preceding syllable. Because in Nuer dissimilatory lower-
ing occurs across several contexts, it is favoured as an explanation of the behaviour of the suffixes in Figure 10 for
reasons of parsimony.
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Table 3 Variation in the realisation of the tonemes as a function of voice quality and vowel length in
stem syllables of disyllabic verbs, where the stem vowel is preceded and followed by a plosive.

Phonetic realisation

Short vowel Long vowel Overlong vowel
Underlying toneme \ \'H "
High Breathy vowel high [H] high [H]
rising [LH]
Modal vowel falling [HL] falling [HL]
high [H]
Mid Breathy vowel rising [LH]
relatively high mid [M]
high [H]
Modal vowel relatively low mid [M]
Low Breathy vowel low [L]
Modal vowel
250 7
200 7
N J R
=
=)
=
150 1
100
[g3::r] (solid line) [g3:ri] (dashed line)
Jin g3ur-i bok Jin  g3yri € wené
2SG  write.TR-2SG book 2SG  write.AP-2SG PREP  here
“You are writing a book.” “You are writing here.’

Figure 10. The normalised fO tracks showing the realisation of the High and Mid tonemes in stems of dissyllabic
words. The target syllable (verb stem) occurs before the vertical line. High stem — solid line, Mid stem — dashed
line. Data from three speakers: a female speaker RNM (Lou, Eastern Nuer) and two male speakers PGM (Western
Nuer) and JKG (Nasir Jikany, Eastern Nuer). Each sentence was uttered once.

high realisation in addition to a more-common falling realisation. These observations are
especially relevant in instances where short vowels are preceded and followed by plosives.
The sensitivity of contours to vowel length is likely to be due to timing pressure. With short
vowels there is less time for a contour to get realised compared to longer vowels.

Table 3 provides a summary of the realisations of the three Nuer tonemes in different
syllable-internal environments, taking into account voice quality and vowel length. The
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fi3n ¢ dwazr i8
wsn c dwdur i&
18G NEG.1SG thing sweep. TR.NF

‘I am not sweeping the thing.”

0.2154 Time (s) 1.339
Panel B
300
J
= 2007
=
150
hgn cd dwdzr &
wdn cd dwdzr j&
1SG PFV.1SG thing sweep. TR.NF
‘I was sweeping the thing.”
0.5282 Time (s) 1.693

Figure I1. Register expansion exemplified in the negated sentence in Panel A compared to the segmentally
identical declarative sentence in Panel B. Annotation tiers from top down: phonetic, phonemic, gloss, translation.

data is based on the realisation of tone in the first syllable of dissyllabic verbs embedded
into the carrier phrase, like that presented in e.g. Figure 10.

The realisation of the three tonemes can further vary as a function of neighbouring tone
and presence/absence of phrasal boundaries, see Gjersee (2019), Reid (2019), and Monich
(2020) for details.

Register expansion

Certain constructions in Nuer have a higher declination reset. Figure 11 exemplifies the
negative (Panel A) and the declarative (Panel B) sentences. These sentences have identical
segmental shape but differ in terms of f0. The f0 over the negative auxiliary verb in Panel A
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is around 63Hz higher than it is over the perfective auxiliary in Panel B. The effect is also
observed on the following noun. It is realised with the higher f0 in Panel A than in Panel B.
(The phonetic transcription for the noun in Panel A of Figure 11 shows it as mid toned
[dwatr] despite its f0 being relatively high. This is to contrast it with the realisation of the
underlying High toneme which, in this context, would have f0 as high or higher than the fo
on the preceding auxiliary). The overall impression is that the negated sentence has higher
f0 than the declarative sentence. This phenomenon has been referred to as ‘tone raising’ by
Koang Nyang (2013: 64) and as ‘register expansion’ by Gjersge (2019: 46).

Syllable structure

The segmental templates attested in Nuer are given in (14). Example (14a) presents the
syllable structure in content words. The syllables invariably consist of an initial consonant
which can be followed by one of the two glides /j/ or /w/. The vowel can be short, long
or overlong and there is usually a final consonant. The syllable structure of suffixes and
function words is presented in (14b). These can have an obligatory short vowel, as well as
optional initial and final consonants between which there can be either a short or a long
vowel.

(14) a. syllable structure in content words: C(w/j)V(:)(:)(C)

b. syllable structure in suffixes and function words: (C)V(:)(C)

examples of suffixes and function words (in bold)
Jén cwel-€ € WEenNg

3sG squat.N-3sG PREP here

‘S/he is squatting here.’

wanr-i >  waurl

night-pL

‘nights’

tou-de

bull-s6.3s6.Poss

‘His bull’

doir-kiin
home.pPL-PL.2PL.POSS
“Your (pl.) homes’
doir-kd:n
home.PL-PL.1PL.INCL.POSS

‘Our (incl.) homes’
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If a monosyllabic content word has an open syllable, the vowel is minimally long. Thus,
the minimal shape of a Nuer content word can be either CV:, as in (15a) or CVC, as in (15b).
The maximal shape of a monosyllabic content word is C(w/j)VzC, as in (15¢). Monosyllabic
function words, by contrast, often have short vowels, as in (16a-b), and never overlong
vowels. Thus, their minimal shape is V and the maximal shape is CV:C, as in (16c).

(15) a. Cv: j€n  rin-€ léa: ¢  weng
3G run.N-3s¢  animal.oBL PREP here

‘S/he is running to the animal here.’

b. CVC gat
‘child’
c. CwvC j&n  cE pwaini kwe:t

3sG PFv.3sG thing.pL  kick.MUL.TR.NF

‘S/he is/was kicking things (many times).’

(16) a. Vv gwait & ¢ £ ndk 1
time coP PFV.356 3sG.0B] do.again.NF COMP
puit-de £ 131
blow.sG-s6.3s6.poss ~ PREP  well
bl ram-> nuet
FUT person-Meb be.determined.NF

“The more the wind blew, the more determined the person...’

b. CV win jts car
1sG PFV.1sG  3sG.0B]  think.about.TR.NF
‘I thought about it’.

c. CVviC k3:n
1PL.INCL

The North Wind and the Sun

(The story was narrated by JKG - a speaker of Jikany Nasir (Eastern Nuer) dialect. The Nuer
orthography was provided by the same speaker.)

1.

Targew kene Cdn cike teke naknom, (Nuer orthography)
targjaw wéng ¢dn || eike té ge: ypa“ndm | (phonetic transcription)
targjaw ként cdn || ci-ke té ke Fndkndm | (phonemic transcription)

The North Wind (lit. fence turner) and the Sun were arguing. (English translation)
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2.

ki nie guaath ¢ teke naknom thin, cu rama ce je lar i bum ni ydn kd ji, cu ramo wd bum ni yéin
ke ji.

k3 njé gwa:d & té wiE: pganpndm fﬂln [| ¢t ra:m3 js la:r bum ng wdn k3 ji | el ra:md wy:
bim ng wan k3 yzi ||

k3 njé gwdit & t€ ke Fpakndm tin || et raim-5 & ldir bim nf wgn k$ 31 | cd raim-> wd bim nf
wgn kg 51|

As they were arguing, one of them said: “I am stronger than you”, and the other said: “I am
stronger than you”.

3.
Kd cue teke jédl mi jdl mi te bii kocde kie két, téé puonyde kume ro je, ke y66 yow kac .
K3 cwd té g jz3:1 me Jz31 | mé té bio k3cd || kie: kot té: pi:pdk || kime rd j¢ Kt wjo: 3w

kaye ||

k3 cti & té ke 33ul m 331 | mi té #bij kdc-de || kier két té & pdom-de || kim-¢ 1> 3¢ ke ujpnw
upw kje-€ ||
There was a traveller travellingin a cloak (lit. cloth for his cold) wrapped around him

because it was cold.
4,

Ci Targew ¢ lat £ y66 mi waa puat eloy en bii emo, bi rama je be kam raar, ke buomdd yin
Targew.

el targjaw & lat & wpo::W | mi wa: pdr £ 13y || én bi: £émd: || bra:m3 j€ b€ kam ra:r || k&
b3:md3 | ign targjaw ||

C1 targjaw & lat & wpouw | mi wa: poot & 151 || én #bij émbd || bl raim-> 3€ be kam rarr || ke
bogm-ds | wsn targjdw ||

The North Wind said: “If  blow hard on (his) cloak, that person will take it off, because of
my strength, me the North Wind”.

5.

Cajidk yoo, wér Targew.

ca: Jjo: wd: 3 wér targjaw ||
ca: € 3jo: up: wér targjaw | |

And he was told: “Ok North Wind, go!”.
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6.

Guaath &é ci Targew wd puatde,

gwii:0 € ji tArgjaw wy: pude ||

gwdit (m)& cl targjaw war put-¢ ||
Then the North Wind started blowing.

7.

mi ce puat loy bi rama kuali biide, be wi mi kue kuoli biide puanyde.

i ceg pdd £ 13y | bra:md kx3li bi:dzz | b> wa m3 kw? | kjlé bi:rg pi:pde||

mj c& pogt & 131 | bl raim-> kool-{ “bi:-de | be wa mi ki & | kool- “bi:-de pdamn-d ||
When it blew hard, the person wrapped the cloak more tightly around himself.

8.

Guaath ¢ ce nyok i putde elon bi ramo nuot la kule ni biide puanyde.

gwi:d & 8 paupdj puds £ 13n bra:md woa:t || 1a: kil né bi:rz pd3:pdz ||

gwait t ce € pdk 1 pat-de & 15y bi razm-> noort || fa: kal-€ nf “bl:-d& pwin-de ||

The more the North Wind blew, the more the person wrapped his cloak around his body.
9.

Miini méé ce noay. Ce dhal /kene ludn € y66 bi raan biide kam raar puanyde.

m) ni mé: | e& nha:y || & dal | kén £ 13y & wo: bra::n | bi:rt kam ra:r ¢3:pdk ||

m} ni mé: | c& ndaun ||ck € dal | kéne € Iwdn & w: by raun | *bx:-dé kam rdir pwdin-de ||

[He blew] until he got tired. He failed, as he did not manage to remove the person’s cloak.

10.

Enwanomoa cu i Ciy wd ydn a lénd wi,
£ wandm) elii ¢dn w3 || In a 1éand w3 ||
£(n) wam3dms cd 1 cdn w3 || wdn a lean-g wi ||

Then the Sun said: “I say, let me have a go.”

11.
gwa:o é: ¢Ip wa:: 1€bg || € m3::0 £ m3::0 | eu ra:n | bude wy: | m3d kdmée y& ra:r € my::s ||
gwd:t mé: ¢ cdn wa: 1éb-€ || & maut & mdut | e ramn | ¥bx-de wd: | mé: kdm-€ 3 rdir & maut ||

And the Sun started shining. Slowly, that person started to unwrap his cloak.
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12.
Amdni méé ci Cay léth, cu ramo biide cue kam raar.
£ m3 né me: | cei ¢y lit || cd ra:m3: bi:cg | cwd kam ra:r ||

£ my nf mé:

¢l cén 1ét || ey ram-> ¥bii-dk | e € kam rdir ||
And the Sun got so hot that the person removed his cloak.

13.

En wanomo cu Targew ¢ lat yéé! Cie ku lany ke buom epuc jin Cén, ca nac i bum ni jin.

¢ wandm) || eu targjaw £ lat é::¢ || e1¢ wu 1ép € by:m pic || yin ¢3n | c4: nay i bum nj yin ||
£(n) wandmd || cu targjaw  lat ezj || €1 € kd 1én ke bgaim & puc||in ¢dn | ¢d € pac { bim ni
s |

At that moment, the North Wind said, “Wow, Sun, you are stronger than me. I know it now,

you are stronger.”
14.

Kd wanoma cu Cdne cu nac i bum ni jen.
k3 wandm3 || ¢u £ ¢3n & ¢t pAC || & bim nj jzén ||
kg wansmb || ed & ¢ & i ndc| |1 bum nijen ||

From that time the Sun knew it was the stronger one.
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Appendix

Vowel and voice quality dataset Data from two South Sudanese speakers of Nuer: a female
speaker RNM (Lou, Eastern Nuer) and a male speaker PGM (Leer, Western Nuer).

Filename disambiguation: RNM_1_01.wav

speaker innitials_example number_repetition number.wav

All examples show phonemic transcription. Brackets signal optionality. Suffixes -§ and
-{ are the first and second subject agreement suffixes, respectively.
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Al.

A2.

A3.

A4,

A5,

A6.

A7.

A8.

A9.

Al0.

A11.

A12.

A13,

Al4,

A15.
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#in ni:n-{ € weng(me)

‘You are sleeping here.’

#in tiit-{ raun / gwaing

‘You are observing a person / things.’
jin tit-1 € weng

‘You are observing here.’

gin - kitt-{ diit

‘You are starting to sing a song.’
#in Kit-{ € weng

‘You are starting to sing here.’
#in rig-{ € weng

‘You are running here.’

yin rizg-i k§ w3

‘You are running to me.’

#in pim-{ ramn (€ weng)
‘You are punching a person (here).’
jin piim-{ € weng

‘“You are punching here.’

jin mit-{ € wené

‘You are eating here.’

fin tét-{  dwour

‘You are claiming back a thing.’
(wygn) te:t-g € wené

‘I am claiming back here.’

#in té:t-{ € weng

‘“You are claiming back here.’

jin géur-i turbil
‘You are riding a car.’
won ger-3 € weng

‘T amriding here.’
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Ale.

A17.

A18.

A19.

A20.

A21.

A22.

A23,

A24,

A25,

A26.

Reid

jin gér-i € weng
‘You are riding here.’
wgn né:ir-§ raun

‘I am greeting a person.’

#in né:r-1 ramn

‘You are greeting the person.’
i e kwan

‘“You are fasting (abstaining from) food.’
wdn téu-§ € wene

‘I am fasting here.’

(sin) tew-{ € wene

‘You are fasting here.’

fin tét-1 € wene

‘You are falling down here.’
wgn tét-§ raun €ka

‘Il am falling down for a person.’

#in tét-1 ramn éka

‘You are falling down for a person.’

#in teu-1 dwdur (€ weng)

‘You are hiding a thing (here).’

fin téw-i pwamni ramn (€ weng)
“You are hiding things for a person (here).’

[speaker RNM]
jin téw-1 razn  dwdur
‘“You are hiding a thing for a person (here).’

[speaker PGM]

(Note that both word orders are possible because the Patient argument is inanimate.
When both the Patient and the Beneficiary are animate, the Beneficiary occurs close to the
verb, followed by the Patient, see examples A46-A47).
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A27.

A28.

A29.

A30.

A31.

A32.

A33.

A34,

A35,

A3e.

A37.

A38.

A39.

A40.
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wén canr-g  ramn

‘[ am thinking about a person.’
wén car-§ € weng

‘I am thinking here.’

(#in) c@:r-I € weng

‘“You are thinking here.’

wdn bair-g dwour / razn

‘I am shooting a thing / person.’
jin bd:r-1  dwdur / razn
‘“You are shooting a thing/ person.’
wén ta:t-3 li(nia?u:r

‘I am moulding a pot.’

Jin tdut-1 ligai::r

‘You are moulding a pot.’

ugn kdip-g  dwour /razn

‘I am catching a thing/person.’
3 k3::p-{ dwour

‘You are catching a thing.’
un ta:l-d  kwdn

‘l am cooking food.’

jin tazl-i  kwén

‘“You are cooking food.’

wén pa:t-g dwour /rain

‘I believe a thing / person.’

#in gdir-i  bok /gwanng
“You are writing a book / things.’
#in g3:r-i € weng

‘You are writing here.’
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A41. 3 t3:t-{ € weng
‘You are spending a rainy season here.’

A42. 3 j3:t-i € wenE

‘You are calling here.’

A43. 3 ky:{ gat

‘“You are fanning a child.’

A44. 3 mym-i nast/ramn

“You gather and joke with people / a person.’

A45. 3 3:ur-{ gat/ramn

‘You are making a person / child float.’

A46., upn tér-9 rain  gat/ tatjamd

‘I am making a child/Tatiana float for a person.’

A47. 3 tér-{ razn gat/tatjama

‘You are making a child/Tatiana float for a person.’

A48. i K3:up-i dwour

‘You are buying a thing.’
A49. i ¢d:l{ ramn

‘You are calling a person.’
A50. fin jdut-i  ramn

‘You are beating a person.’

A51. jin kdun-i raun

‘You are meeting, greeting a person.’

A52, wgn ké:p-3 € weng

‘l am meeting, greeting here.’
A53. jin kgmp-i € weng

‘You are meeting, greeting here.’

A54. wgan gé:r-g dwdur / gat
‘I want a thing / child.’

A55.  jin gé:r-i  dwdrr

‘You want a thing.’
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A56.

A57.

A58.

A59.

A60.

A61.

A62.

A63.

A64.

A65.

A66.

A67.

A68.

A69.

A70.
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wan gé6:r-3 € weng

‘I want here.’

#in gé:r-i € weng

‘You want here.’

wen tet-g  dwour /jaiy

‘I am pulling a thing / cow.’

#in tét-{ dwodrr / jam

‘“You are pulling a thing / cow.’
wan c(j)e:t-g € weng

‘I am calling here.’

#in c(j)o:t-i € weng

‘You are calling here.’

wan wé:p-3  dwdur / gwanng
‘I am crushing a thing / things.’
#in wé:p-i dwour

‘You are crushing a thing.’

jin ¢6:1-{ razn / gwanni

‘You are compensating a person / things.’
#in ci:l-{ € weng

‘You are compensating here.’
ol rwej

‘You are spitting saliva.’

#in gl-{ € weng

‘You are spitting here.’

jin gom-1  kwdur / 1o

‘“You are bowing to a king/ yourself.
#in té:wy-i dwour / gwann]
‘“You are starting a thing/things.’
jin tiuwg-{ € weng

‘You are starting here.’
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A71. jh tur-{  rann/gwanng

‘“You are photographing a person / things.’

A72, 3in tiur-{ € WenE

‘You are photographing here.’

A73. jncuipg-i  razn

‘You are making a person stand.’

A74. jin ciip-i € wengé

‘You are standing here.’

A75. wgdn riermy-d nin € WEnE

‘l am running to sleep here.’

A76. wdn nexr-g € wing

‘l am greeting here.’

A77. 3in neur-i € weng

‘You are greeting here.’

A78. 3in kK3:-{ € weng

‘You are fanning here.’

A79. wén wyd:p-9 € wene

‘l am crushing here.’

A80. 3in wd::p-i € weng

‘You are crushing here.’

A81. jin ka:p-i € wene

‘“You are catching here.’

A82. jin jyut-f raun
‘“You are calling here.’

Abbreviations and special symbols 1,2,3 = first, second, third person; A2 = harmonic most
boosted by the second format (F2); AP = antipassive; APPL = applicative; C = conso-
nant; COLL = colloquial; COMP = comparative; CONJ = conjunction; COP = copula; DEM =
demonstrative; DIST = distal; f0 = fundamental frequency; F1 = first formant; F2 = second
formant; F3 = third formant; F4 = fourth formant; FIN = finite; FOC = focus; FC = float-
ing constituent; FUT = future; H1 = first harmonic; H2 = second harmonic; H4 = fourth
harmonic; H1*-H2* = first harmonic minus second harmonic where harmonic amplitudes
have been corrected for effects of formants and bandwidths; HAB = habitual; IMPER =
imperative; INCL = inclusive; IN = intransitive; MED = medial; MUL = multiplicative; NEG
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= present negative; NF = non-finite; OBJ = object; OBL = oblique; PASS = passive; PFV =
perfective; PL = plural; POSS = possessive; PREP = preposition; PROX = proximal; PST =
past; REL = relative; SE = spectral emphasis measure; sd = standard deviation; SG = singu-
lar; TR = transitive base paradigm; V = vowel; VN = verbal noun; VOT = voice onset time;
(%) = floating constituent consisting of a mora and High tone; 9, 0a = short vowel; o, oa:
= long vowel; o1, 0a:: = overlong vowel; 4 = High tone; 2 = Low tone; a - Mid tone; [4] =
falling contour tone; [4] = rising contour tone; (.) = syllable boundary.
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