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ABSTRACT

This chaptedescribs and analysedifferenttypes ofinteraction between citation tone pitahd varioudaryngeal settings
found in Wu Chineselt does this with auditory, atstic and physiological data of speakers framemlifferent sites

representing five of the main linguistic areas of Wu: Tongxiang , Changyinsha and Zhenhai , from the
Taihu area; Longyou , Jinyun andLongquan , from the Chuqu area; Yongkang , from the
Wuzhou area, Pingyang , from the Oujiang area; and Tiantai , from the Taizhou area.lt is

arguedon the basis of both phonological and quantifigobnetic data thabnein Wu interacts witha register system
involving phanation type and various aspects of segmental phonology and igsorfee complex tonal pitch typical of
Wu dialectsis thereby shown tactually be the result ofinteraction betweemegister and a much simpler tonal pitch
system.

Keywords: Tone, phonatio type,register,depressionyWu dialects.
1. INTRODUCTION

It is well-known thatall varieties of Chinese are tondlhis means that they belong to a type of language where pitch is an
integralpart of aword: isi gnal s a wor doés i daveldand cpnsongniSaythe Emglish mard b e a 8
with a high level pitch [si'El] i and you have saidoem in Hong KongCantonese. 8 6 s avithéa mid level pitch

[sig T and you have saitty . Lower your pitch a little [sE] and the word becoesevent . And a pitch rising from

low to high [si:2] will unfortunately get yowsayingshit . Examples like this may be fouiad libitumfrom any Chinese
dialect The point is, though, thatt we want to represent the sounds that conpegmin Canbnesewe obviouslyhave to
include pitch the sound shape of the wagpdem indicated between bragds { siE+ high levelpitch}; likewise fortry i

its sound shape i&ssiE+ mid level pitch}. This leads to the receivdihguistic definition of a tonelanguage as one where
pitch is part of the phonological representation of wgitip 2002: 4,Hyman2006: 229.

None of this isemotelycontroversial. But let us notwavel several hundrellilometres nortkeast of Hong Kong tdianta

, @ countyin the eastern part of Zhejiang provinddere too, just as in Hong Kong.ewan elicitconventional tonal
contrasts word differences based on pitch. For exanipléhe dialect of Sanhezhen , [tad 1], with a high level
pitch’, meansarrive , whereadtad ‘], with a high falling pitch, meanknife . Howeverthe wordfor island is
different. In mid-vowel the speakemomentarily changethe way their vocal folds are vibratinlj sounds like a break in
the middle of the vowel. Thevord has a pitch fallindrom highto low and then ecovering slightly to lowemid, and we

' The transcription ofonal pitch in this chapter posesmewhat of a problemfihd it theoretically preferable to use iconic symbols like

‘I or because they embody the desirable amount of preciBmmexample ] can be taken to meaimply a level pitch at or near the

top of the speakmeansd afallng fitah traversing moee, or less all fheir pitch range. Unfortunatepitcheshapes

of Wu tones can get quite complicated and sometimes exceed the bounds of what is practically feasible without something mor
sophisticated than Unicode phonetic font. In that case | have had recourse to the other method of pitch tresescijtioed by the

I PA, namely Chaoodés (1930) 6tone |l ettersdéd. This wi devalyes,dosed n
example [55] for a high level pitched tone. The use of integers, however, runs the danger ofjienplyimvarranted precision, and tonal

pitch shapes cannot be accurately represented phonetically with a five point scale (Rose 2014). Please be preparan, fihdrbfute
methods used in this chapter and to bear in mind their limitations.
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might represent iphoneticallyas[tahaa 13 using a glottal stopymbol [f‘] to represent the breaBometimes there is no
phonation recovery after the break, in which case the spe@l® v oi c e bte the endasdthe pitehaskhigh

falling. This can be represented[te@é=], using the symbol#for creaky voiceWe see in these examples t hen, a v
identity beingsignalledby both pitchand phonation type and thesee many minimal triplets like this e.g. [Kl aunt

vs [ku'l]reason vs [ku'u ]ancient ;or[to&E]lamp vs [tO£]] stool vs [tOGE | wait

Now, minimal pairs likgtad '] knifeand[taad ] (or [taa&=]) island differ in phonation type while sharing a high falling

pitch, and therefore they show phonation type is acting independently of pitch to signal word identity. However, it makes
phonological sense to consider both phonation type and pitch as properthes lofauistic category oftone, as the
phonatia type is not orthogonal to pitcfrhat is althoughin this varietyfalling pitch can have botimterrupted ¢reaky

and mod& phonation, high level pitch cannot, and thhgre is not a contrast in phonation type éwery separately
demonstrable pitcHt therefore makes phonological sense to simply say that words with high falling pitéhtemdpted

/creaky phonation are simply instances of a sepdrdtent er r u p t eahé (Thisris aléog in paaskng, érof the
reasons whyoneis not the same gstch).

Varieties in whichphonation type is considered phonologically part of teerée been callethixedor tonatory. As pointed

out in Michaud (2012: 1)here are many sh varieties in Soutleast Asiawher fAé | inguistic tone
equated with pitch; some tones have phonationpe c¢characteristics as p.aButtthisof t
chapter focuses on a group of dialects whidlyg®logically fascinating foiits tonatory diversit: the Wu dialects of East

central Chiné southern Jiangsu and Zhejiang provinddst only do these dialects exhibit fdifent phonation types, but

the phonation typesteract tonally with pitch in different ways, not the least interesting of whidteisvaly phonation type
behaves in Wuds hi ghisthe purpaspdf thix chapternteen, $oadesdribe this intendoetween

tone and phonation typeith the help ofjuantified phonetic data and phonological observations. | wildsenng that to

be sure, differenphonation typs involve different modes of vocal fold vibratiand different glottal stateslowever, |

will be following the Larynx Articulator Modeland its antecedenia assuming that different phonation types al&o
produced by changing laryngeal structures in addition to the folds them@etmenton & Esling 1996, Esling & Harris

2005, Moisik & Esling 2011Moisik 2013, Esling et al. 2019)n particular, constriction at laryngeal levels above the
glottisi the vertricular folds and the epilaryrix will be seen to play a major role the Wu phonation types described in

this chapter.

In order to describthe interaction between tone and phonation typell start witha particulaWu variety( T - nrgx i U
) which exemplifies the conceptual framework needéds will then actas a theme in terms of which other variations
can bentroduced andlescribedBut before that it is sensible to introduce the Wu dialects.

1.1Wu dialects

The Wu dialed, of which Shanghai is probably the bdstown exampleare varieties of Chinese spoken in Zhejiang and
the southern part &dstCeéntral cogssauprovincégam199lf TheCdnera is a@esabout 120,000

square kilometre$ and espeially in the southmountainous.They are one of the six major dialect groups of Sinitic,
alongsideMandarin, Hakka, Yue, Xiangzanand Min, and constitute the second largest group in terms of speakers of
these seven major dialect groups (Yuan 1983).yTére internally heterogeneous, and there are particularly salient
differences between varieties in the north and those in the centre and south, with the latter tending to show features whit
resemble the Min dialects lying to their south. One such difterés in the tone sandhi, with southern and central varieties
having right dominant systems, compared to thedefhinant systems in the north. There is a generally low level of
mutual comprehensibility, especially in the south.

The Wu dialects have aditionally been considered a wekfined group either typologically, on the basis of their
systematic thregvay VOT contrast for syllablitial stops and affricates (Chao 1967: 92, 94), or diachronically, since this
tripartite contrast is taken to beetention of the Middle Chinese threay division (Chao 1928: 1). A subminimal triplet
exemplifying this threavay contrast on palatal affates, from the Wu dialect &henhti , is [masEC O

tomorrow [masEc o O Ming Dynasty and [&8E56 O] skillful. A subminimal triplet from thedialect of
W(hzhou showing the thregvay contrast intervocalically on an alveolar stagde te 23.331] morality, ["Hedda
23.331] to go straight toand | (XE2.331] pylon (underlining indicates the pitch shape is of short duratioig.

also possible to list phonological and lexical features common to most Wu dialectd, 4®An

It is a different questio whether these shared features can be explained in terms of historical development from a single
source. At least tweminent Chinese scholars (Pan 198agart 2011) have expressed doubt that they constihdaaa

2 Strictly speaking, the 1, and later on the creaky symbo#]is part of the tone antthereforebelongs with its pitch representation. The
resultingi{ ™]oori & o [dYowodld betoo cumbersome, however, and so | have retained the phonationitiipinavsegmental
transcription.



fide subgroup of Siniticln recanstruding the linguistic pasfas with many other pasti)is not retention, but innovation
that is avalid criterion for subgrouphood. e existence of the threeay VOT contrasthusis silentabout Wu as a
separate subgroupnd it is yet to be determined whether shared innovatixisstbatdefine Wuas a subgroup of Sinitic
Sagart 2011 has suggested innovations in lexis which positt@earliest layer diVu, together with Min, as a part of a
very earlyancestrakouth-eastern subgroufBubsequent changes, probably introducgdicessive migrations from the
north, thenoverlay this, makingsarieties of Wuappear to be a later brandflin is assumed to havaroken offbefare
Middle Chinese (Norman 1988hus Wu mayalsoactually antedatMiddle Chinese.

The Wu dialects areoniventiondly divided into severaprimary linguistic areasalthoughsourcesdiffer a little on their
number The Language Atlas of Chin@Zhengzhang 1987ists six: Taiha , Téizhou , &ujithg , Wizhou

, Chomgu and Xuthzhou . Theseare not subgups sensu strictp as he division is not based ounusual
linguistic developments withinomparative reconstruction, huats with Wu dialects as a groum a mixture of historical
and typological features. Several of these areas, especially TraHargest,are further subdividedsig 1.1 shows a rap
of the Wu dialect arem Zhejiang and Jiangsahowing the primary linguistic areasd sitesnentioned in this chapter.

The Wu dialects were among the first to be researched and described witin wagtgstic methods. Liu Fu (aka Liu
Bannong) published a description of acoustic aspecisaofyyintones and consonants made with ankgraph in 1925,

and ChaoYueflRe nds 1928 virtuoso monograph on t he dé¥oiptidiwark.e ct s
Chaoi he was a musician, as well as philosopher, physicist, composer, linguist and transtetdra sliding pitcipipe to

i mitate the melody of his informantsd tones. H desive mu s i
acoustic values from them that can be compared with the moder(Rites®1993) Kennedydés (1953) d
to-right tone spreading ifangsicdocumented autosegmental behaviour of tone several decades before autosegmental
phonology deliked its first tone from its first tone bearing unit.
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Figure 1.1 Map of Wu area in the provinces of Zhejiang and Jiangsu, showing linguistscaréaitesnentioned Red
dashed lines = boundaries of Wu linguistic areas-dasted line = boundary of Zhejiang province.



The Wu dialects are probably best known for their complexity in matters tonal: the variety opitchaghapes; the
interaction with segmentals, the relationship between tone and msyplexctic stucture, revealed in their tone sandhi.
And last but not least, involvement in tonal contrast of dimensions other than Hiishmakes them a goldmine for
phoneticians and phonologists seeking to analyse, model and understand the ways humans encgdin meamnih A
goldmine that has to be mined carefully, however, with phonetically adequate descriptions.

1.2 Getting the names right
There is avery famouspassage in th€onfucianAnalectsaboutnaming things properhjt starts withthe warning

énlf names be not correct, | &rhg wda g et hii s87¢ysAlihough.its gag e c
proper interpretation probably has mado do with titles than nameis reminds us that it is importan get the names of
things right one word used with many different meanings spells trodtdaeis one such wordt will be foundused in the
literature to refer tdoneme allotone autosegmental tonenorphotonemetonal allomorph pitch, FO, and linguistic /
phonological/ phoneticcategory The compl ex nature of the relati eandhhi p
forms also means that sometimes a statement ¢ikeégh rising tone becomes a falling tone before an upper levelitone
capable of rather different construapgnding on whether underlying phonological constructs (morphotonemes, tonemes)
are meant byone or their realisationgallomorphs, allotonesRather than try t@emystify the situation here, I will just
warnthat | will also be usingonein several othesesenses.

Because the descriptiorin this chapter arboth impressioistic and acoustic, and provigdenty of examples where
fundamental frequendF0) does not reflect tonal pitch, it is best not to follow current practice, wiitafeis often sed as

a synonym foF0. Instead, the referents of both terms are clearly distinguigiteti:as the main perceptual correlate of
the linguistic category of tone, af® i the rate of repetition of the complex radiated speech Wwaagits main asustic
correlate (cf. Rose 198%

1.3Sources

There is aelatively enormous amount of largely auditogsdiptions of Wu tonal pitchChao(1928) Qian(1992) Fu et
al. (1989, Cao (2002, JSSHFYGK (1960) are all invaluableexamples, with many sites descdbe here are also
descriptions of individual sites, too humerous to mention separatedcitationtonal acoustics of severdlu sitescan be
found in You & Yang (2001)In this literature however,phonation type is typicallgither not mentioned, orrked to
Onset obstruentsn this chaptet have peferred to make use of recordings made by myseltatdagueover the last0
or so years. In that wagne has access to the didafurtheracoustic analysjsespecially of phonation typ&erhaps ma
importantly, it can be made avdile to other interested parties for checking andnalysis.

I have used three main sourcssetching back about 45 yea(%) Recordings made by Prof. Zhu Xiaonong and

his assistant i n att bfehis posddctotalosurdeyadf Wu tOnésdasd t@ns samhi fundea kprge
fellowship grant fromthe Australian Research Council. (Recordings made about a decade earlier by Prof. William
Ballard as part of his survey of tones and tone sandhi inew@utN'u varieties, funded by the US NatbiEndowment for
Humanities (Ballard 1992)3) Recordings made by my students and myself over about the last 45 years, but consisting
primarily of taperecordings | made in the mid O G&aolder speakers from theorth-eastof the Zhejiang area around
Ningbo.

2. TONGXIANG CITATION TONES: THE WU TONATION TEMPLATE

| will start by using examples fromraalespeaker fronshigieo in the county of Tongxiang , in the north of the
Wu area (see map, fig. 1.Ihe desdption is based on recordings made by Prof. Zhu Xiaonong in th&®&micd s .

In Tongxiangany monosyllabic word (including monosyllables used for demonstrating citation tones) belongs exhaustively
to one of eight phonologically defined types. Conventionaligse eight different types would be calledes This reflects

the fact that they clearly differ in pitcklowever, one of the phonologically interesting things aboutiVdad one of the

points this chapter will makiis that Wu tonesypically differ in more aspects than pitcho illustrate this,dble 2.1gives
examples of theight Tongxiang tonesNote that six of the tone nameis the left hand columrefer just to pitch shape,
buttwo incorporate both lengtlsifor) and phonation offséstoppe).

The righthand column of table 2.feproduces the values for Tongxiang county tones given in Fu et al. (1985: 108). As

mo s t Chinese sourceskmown thled3elusedtSdneod6sduwetcti be pitcl
should be caful not to attribute too much precision to the Chao letters (Rose 2014). Thus, for example [33] is best
interpreted as | evel pitch somewhere in the middle of



Table 2.1 Phonetically transcribed examples of the eight Tongxiang citation tones.
The right bracket symbol under the vowel is a voice quality symbol indicating slack voice (Ball et al. 2(

Shigiao Speaker F(EIJ_;8'[5%L

mid level pa wave t0 knife SO poem 33
high fall pa supplement| t6 island | SO history 53

mid dipping pat cloth to arrive O try 334
low rise el climb [ d&t flee | zé: time 22

mid fall o kneel det rice | 26+ scholar | 41

delayed low rise | b step dgt way | 261l event | 223
short stopped high|  pdfA eight tdA get SoA lose 5
short stopped low| BA uproot aaA special | z&A real 2

Figure 2.1 The Wu tonation template exemplifiedtkvacoustics of eight citation tones from a Tongxiang
speaker. Vertical axis = fundamental frequency (Hz), horizontal axis = duration (csec.)
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that Fu et al. (1985) describe a loewvél pitch [22] corresponding to the low rise of the Shigiao speaker. There is
unresolvable uncertainty here as to what this difference reflects. It could be due to kmtemeer differences in any

combination of location, age, sex, or transcriber respomt does highlight, however, the usefulness of having the
acoustics: uncertainty is thereby somewhat lessened.

The mostimportant thing tounderstand from tharrayin table2.1 is that differences between the eight tones involve
several pervasive eoccurring and recurrent prosodind segmental features in addition to pitch. Thia complex idea
andis best clarified byirst rearranging théones intable1 into the matrix irfig. 2.1, and addindor good measurgome
tonal acoustics to enable serquantified observations. Thissulting Wu Tonation Templatean then function as a

framework in terms of which the interaction Ween tone and phonation type Wik exploredn other varieties of Wu



It can be seen that the eight Tongxiang tondalike 2.1 have been arranged along tdionensionsTruncationrunsalong
the top,with featureg[nontruncatedand truncated, andregister down the sidgwith features[upperandlower]. This
arrangementmpliesthat the eight Tongxiang tones do not siypbnstitute an unrelated t@¢, but fator nicely into two
orthogonal dimensionsThe nextsections will characterise thedanensions.

3. TRUNCATION

The first horizonta] dimension of fig. 2L 7 truncationi partitions the toneinto two natural classe@runcated, non
truncated) on the basis tfio salientprosodicfeaturesphonation of§et andduration;but they also diffesegmentallyjn
vowel quality and potential Rhynmntrasts.

Prepausally truncated tones end in a glottal stop, and thisddibk between truncation and phonation, as glottal stops are
a way of stopping the vibration of the vodalds as abruptly as possible (the only otheay is by pulling them apart)
(Esling et al. 2019: 48Glottal stops areftendescribedn the phonéc and phonologicditeratureas simply a constriction

of the glotts, but their production imore complicated. There is certigirtonstriction at the glottis, with the folds pulled
together by fully adducted arytenoiddut there isalsoconstriction &locationsabove the vocal foldandthusin a vertical
dimension as welhs lateral The ventricular foldslocatedimmediatelyabove the vocal foldsare typially approximated

and may meethus contributing an addition&dtero-medialcompression. I particularly strong glottal stapalsotermed

an epiglottal stopi the epiglottis may alsapproximate the arydglottic folds: apostereanteriorcompression. All this,

with its complicated anatomical terminology iest demonstrated laryngoscopicallyith four frames taken during my
productionof a postvocalic strong glottal stogThe laryngascopeis inserted through #hnose and down into the throat.)
Fig. 31A showsthe start of the glottal stop gesture: the arytenoids are touching, the vocabfeldlmost closed, the
ventricular folds are beginning tapproximate.The angle subtended by the aryeppiglottic folds is a tad more than 90
degreedut there is stillsomedistance between thepiglottic tubercle and th cuneiform cartilages. Fig.1B shows he

lips of the ventricular foldeow almost touching to the extent that the vocal folds are no longer visibite aryeppiglottic
angle is nowgreaterthan 90 degreesvhich shows that the aryepiglottic folds have been pulled towards the epighatti

a consequent reduction in the distance between the epiglottic tubercle and the cuneiform cantfigg@dC ventricular
incursion is almost complete and antga@sterior compression has also increased between epiglottic tubercle and
cuneiformcartilages.n the final stage in fig. 3D antereposterior compression is complete, with the aryepiglottic angle
close to 180 degrees and the cuneiform cartilages making contact with the epiglottic tubercle.



Figure 3.1 Frames from a laryngoscopic video illustrating stages in the production of a strong (epiglottic) stop. !
is facing towards the bottom. aa = aryepiglottic angle, ae = aryepiglottic folds, c =ocomed#rtilages, et = epiglottic
tubercle, f = left ventricular fold, t = right vocal fold.

Fig. 3.2 shows typical acoustics eford-final glottal stog. The left panel showse Tongxiangword [b&']  white the

right panel shows the word@-} snow from afemale speaker of Cigdialect, a Wu dialect from the saraihu
linguistic area as Tongxiar({§have cut offmost of the [sfor clarity). The waveformin both exampleshowsfairly regular
pulseto-pulse variation in fundamental frequency and amplitude-qalted jitter and shimmeryip to about the last 5
centiseconddefore phonation offset, where there are a few pulses with higher jitter and shimmer before cessation of
phonation.These glottal pulses indicate interference with the normal pattern of vocal fold vibrationdingtriation of the

higher false foldsloading the vocal folds and stopping their vibratidine lower Fpattern (F1, F2, F3)hews no
perturbation at offsetompared to the typical onsEtpatternperturbation This indicates absence of supralaryngeal tract
movement.The token in the right panel has an audible release of the glottal stop which can be seen acoustically just afte
csec 20. This indicates Rhymeduration (vowel plus glottal stoppf about 18 centexonds,comparable to the nen
truncated tones.
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Figure 3.2 Waveform and spectrogram with superimposed formants showing acoustics efnabglottalstopin
Tongxiang[b&&]  white (left) and Cigi[sS@- snow(right). X-axis = duration (csec.);gxis = spectrographic
frequency (Hz).

The second salierdifference between truncated and ftamcated toness induration: truncated tondmve short vowels.

Just how short can bseen infig. 2.1. In nontruncated citation tones the vowel duration lasts between 15 and 30
centiseconds, depending on FO shape; in truncated tones the vowel duration is between 5 and 10 centiseconds. Tt
truncated tones have vowels of about a third the leoigtiontruncaed tones. Note that, unledge glottal stop is released,

as in the righthand token of fig3.2, one cannot determine the duration of the Rhyme, and so the appropriate domain for
comparison here is the duration of the vowel, not the Rhyme.

In close juncturetruncated tonem Wu dialectdypically lose their glottal stop but retain their shaotalicduration Close
juncture usually refers to woréhternal boundaries=or example, before a pause the word penis [pd@1], with a short
vowel and a final glottal stop. In the compound word notes however, where it occurs before the morphemeto
record[&i], penno longer has a glottal stoput retains its short vowelpgi]. Boundaries within vermbject constructions
are also typicalites for glottal stop loss. For example, in the vebject constructioncy@@I6 O] u to drink wine

the verbal morphemeat/drink lacks the glottal stop that it has grausally: {y@@. Glottal stop lossan also extend to
less syntactically deesive boundaries in faster speechhe loss of the glottal stopn close junctureis considered a
characteristic of WiChao1967. Truncated tones atbusinvariantly characterised by short vocalic duration, whereas the
glottal stop is not always pregefThis would seem to identify duration as a more important charact&ristic

Table 3.1 Rhymes inTongxiang
truncated tones.

FRONT| CENTRA[ BACK
HIGH B oA
MID dA
LOW A

Truncated tones also differ from ntmuncated tones segmentally, in the number and nature of possible Rhymes. The
Rhymes that can occur in truncated tones are very few, and built around a set of four monophthongse $hesa in a
conventional heighbackness chart in tab&1, where it can be seen thiaey form a conventional triangular system with

an additional miecentral vowel. A minimal quadruplet illustrating the four monophthongal Rhymes in truncated tones is
[tax1] target ; [tGA1] respond; [tdAT]l virtue; [tOAT] governot There are also three opening diphthongal
Rhymes composed of a monophthongal target preceded by a high front or high back target, fori éamallea

In contrast tolte simplicity of the truncated Rhyme system, therenzaay Fhymes in noftruncated tones, which belong
to three subktypes monophthongal, ighthongal, and nasal. The sironophthongal Rhymes are arranged @ight
backness format in table2Z3 As can beegen it is a rather lepided system with no mid back vowdlhe [ is the secalled
apical voweltraditionally represented 4§ which only occurs after alveolar affricates and fricatives. It still contrasts with
[i] because in Tongxiang [i] can also occur after these consqreagtfz-s) togethervs. [z&y] time

% This is probably the best place to note that | use thettemmatedsimply in the sense @nding abruptly| do not intend the term
truncationto imply that the truncated tones derive from an underlyinglytnamcate tone.



Table 3.2. Monophthongal Rhymes in
Tongxiangnontruncated tones

FRONT CENTRA[ BACK
HIGH || A u
MID E
LOW a 5

In order to show thelifference between tncated and netruncated tones in vowel acoustics, their conventionalFE1
plot is given inthe left panel of fig3.3. Exceptfor /& which can only occur after alveolars, the tokens are balanced with
respect to effect of place of articulation of Ongdter Fant (L973: ch.3, the formants have been converted to mels te giv

a better idea of their perceptual position. 95% ellipses have been inscribed tdhshmamge of variation foundhe
truncated monophthongsare be seen to differ from the ntmuncated monophthongs in two respects: they are less
peripheral, and show gater variation. The greatgariation may be due tthe smaller number of contrasting truncated
vowels. In order to give a better idea of the effect of the difference in variation between truncatedndnghcated
vowels,the right panel ofig. 3.3 shows theirbivariatenormaldensity plot (/E/and 6/ and have been omitted for clarity).

It can be seen that tm®ntruncated vowels are associated with much greater densities than the truncated.
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Figure 3.3. Fpattern in truncated and ndruncated monophthongs. Left =4F2 plot. X-axis = F2 in mels. Yaxis =
F1 in mels. Red = truncated vowels. Righbivariatenormal densities for truncated and pouncated monophthongs

In addition to its correlation with segmental structuhe truncation dimensiomlsodefines natural classes of impence

for tone sandhiwhere[+truncaed] tonesoften behave differently in tone sandhi frostryincated] toneg-or examplejn
disyllabic words with a high level tone on the first syllablerpheme the pitch on the second syllable is lovitsf toneis
truncated, otherwise it is high, spread from the tone on the first syl{@iie.pitch on the first syllable is the same as the
citation tone pitch, i.e.mid level, bef nontruncated tonesBefore thefollowing low truncated pitch it dissimilates
upward slightly to a migslightly rising pitch) Examples are aB[1]

[k6 1" & high rise building< [ké ]~ high + [I8@ building [3.1]
[teetd 1" " reverse < [te"] turnover + [t6 ]~ fall
[sH o & ] foothills < [sH]"]  mountain + [(@I]  foot
[FOEHA" "] customs < [fo£]  wind + [[HN]  custom
4. REGISTER

The registerdimensionshownvertically in fig 2.1 divides theeight tonesinto two natural classesf four. As with the
truncation dimension, this ien the basis oboth prosodic features and segmental feafufée prosodic features are
associated with pitch and phonation type, and the segmental featurassacated with syllable OnsefThe prosodi
features are treated first

4.1 Registerand pitch
The Wu dialectcitation tonesare often described as belongingadigher and lower pitched serieand this has been
suggested as a typologicalachcteristic of Wi. For example:
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AThe tone values vary greatly, except that the uppel

né | ower register tones in Wu are regularly | ower
count er Narman §1988202)

r 1 Ll

L r[Because Wu dialect Onsets are divided into voiced and voiceless, in

the large part of the Wu area the voiceless Onsets generally tend to be higher than the corresponding voiced
Onsets. Thereform each part of the Wu aréhe tonal spaces divided into a yin tone category and a yang

tone category.Qian (1992: 2D

AEach tone is split into a high (yin) and a | ow (Vya
(exceptfortheshangone whi ch i s spl izhengzhangs(IO&®9). di al ect s onl y) .

It appears from table 2that the difference between upper and lower regiBbaigxiangtones is reflected in pitch, in that

the uppemegistertones lie higher inhe pitch range #n the lowerHowever, the mean FO plots in fi@-1 suggest this

might not be straightforward to quantifyiet FO of the lower register mfdlling tone, for example, starts at the same point

as that of the pper register mid dipping tond.o better illugrate his, fig. 41shows how the tonesb®6
paradigmatically for two different sets of tones from this spedkezset on the lefis from citation tones on CV syllables
controlled with respect to both manner of C (an unaspirated stop) avel kieight (balanced high and low vowelShe

other sets from a very much larger corpus of citation forms designed to elicit all likely contrasts in both Onset and Rhyme.
The mid pont of the FO rangeestimated as the halMay point between maximum amdinimum FO,is indicated with a

dotted line.

upper register tones lower register tones upper register tones lower register tones
= mid level - low rise i = mid level - low rise
160 1. — high fall — mid fall 1 60 h = high fall = mid fall
mid dipping = delayed low rise mid dipping === delayed low rise
short stopped high short stopped low short stopped high shart stopped low
1401 140+
. B e L S U N O

20| RS a0, ‘
—_— N\ 7
100 - 100

0 5 10 15 20 25 30 0O 5 10 15 20 25 30 35

Figure 4.1 Mean fundamental frequency plotted against mean duration for two sets of citation tones from a Tonc¢
speaker. Thin dotted line indicates agidint of FO rage. Thick dots indicate FO onset perturbations.

It can be seen that it is not possible to partition the tones into and upper and lower set based on their bfe, thebw

rising, low delayed rising and short stopped lmwes lie in the bottom halfo t he speaker 6sidlévé@ r an
and short stopped almost completilythe upper half. However, the upper register mid dipping tone F@hefly in the

lower half of the FO range, amneell below the lower register mid falbhe for most of & time courseand also thdigh fall

tone has at least a thiod its duration in the lower half of the FO range. Onset FO will also not serve to define register, again
due to the low onset of the mid dipping tofidus dotonologicaldefinitions of regiger simplistically based on a division

of pitch into two equal halve®.g.Yip 2002 flounder on the phonetics dfalects like this.

There is, however, eelative sense in which the upper register tones cardi@ to have a higher pitch/FOhi§ is if the

tones are first paired by contour, such that a lower register tone is considered to have a similar contour as an apper regis
tone, but with a lowered onsetn other wordsconsidering the lower register tones depressedrersions of the upper

(Ro= 2002. This is the vay they are arranged in figl2 Thus mid anddelayed low risindones form an upper and lower
register pair, as do higland midfalling, mid level and low rising, and highnd lowshort stoppedones.

It is important to poinbut that thispairing-by-depressionwhich could otherwise appear-hdc for the purpose of rescuing

a pitchbased definition of register, ghonologicallyunderwrittenby the behaviour of tones in tone sandhi. Thus-lenel

and low rising tones constitutenatural clasbased on their sandhi behaviour, as do middaldyed low risinghigh and

mid falling, and high and lovghort stopped tone¥he importance of this point warrants exampleg. lme S hi qi ao s



11

lexical tone sandhi, if the first syllb of a disyllabic word has a high falling tone, the pitch of the word will differ
depending on the tone of the second syllalili is either mid level or low risingtgnes inthe first column in fig. 2), the
pitch will be [high fall + low level] Examples are shown a#1].

[p6°] valuable+[t6"] knife > [potd " "] precious sword [4.1]
[ts 6'h pillow+[de & nominal suffix > [ts 0dp ¢ "] pillow

If, however, the tone on the second syllable is any of high fall, mid fall, mid dippithgiayed low risingthe pitch of the
word will be [high level + mid fall]. Examples a& [4.2].

[p6°] valuable+[pedd] valuable > [pd peddl 7] valuable [4.2]
[mu’] horse+[d&/E]  bucket> [mudafl 7] toilet

These examples demonstrate thratl level and low rising tones constitute a natural clAsslogousexamples can be
adduced frondifferentiallexical tone sandhbehaviourto show the pairing othe high and mid falling tones, and the mid
anddelayed low risingones.When pitch/FOconburs can be paired on the basis of depression | will cdipression

pairing. This discussion has thus shown that register is indeed reflected in pitch, but in a more complex way that simply
highvs.low.

4.2 Registerand phonation type

Phonation typeén Wu as something worth mentioning actually has a long and venerable history. In his pioneering Wu
dialect survey of 1928, Chao Yuen Ren mentions it as part of theinited articulation of the voiced stops, which are
initially voiceless but then have é a voiced gl i de, usually d&qai (@. aBp)r e
corresponding Tongxiang voiced stop phonemes will be described below in the sectegister and Onse}sIn the
corresponding place in the Chinese text (p.21) Ghaos cr i bes t hese s oM[nieaessanvith voicedi

air flow], and makes clear with his suggested phonetic transcriptiort tgaplies also to fricativesHe also notes that his
attention to it was drawn by Liu Fu some three years earlier.

It is important to note that both these scholars mention phonation type only in conjunction with the stops and fricatives ir
the low tones, and not as a feature of tonal registerse This is because they were
allophony: voicedvord-internally, but voiceless with voiced airflow wenditially. It is now generally assumeédsee the

guotes at the beginning of this sectiothat the phonation type differences are not restricted to stops and fricatives, but all
low register tonesywhatever their Onset. Nevertheless, the view that the phonation type differences are somehow related tc
syllableinitial stops grsistsRamsey (1987: 91¥;ao and Maddieson (1992nd Yip (200236) areexamples. Zhu (1999:

25-26) points out that any sh hypothesis quickly founders on the fact that low registermodal phonation occurs with
syllableinitial sonorant consonants, glides and zero Onsets too.

Phonation typdnasoftenbeenmentioned in conjunction with the difference between uppetamer register tones Wu.
For example:

i in many Wu dialects the |l ower register is charact
s onor an tNormani(1988201)s . ©

@ as i n many obtedtteyy voicdya walldoaumented aganpaniment of the lowregister
tone syllables with obstruent as well as sonorant os&ao et al. (209).

) ,
. X X [l ow register stops €€ on release ha
flow, this is generally true of Wu pronunciatigh this also applies toasals and laterals.Yuan (1983 60).

A comment is in order here on the tebmeathy voice As can be seen from the above quotbis isthe phonation type
most often mentioned in conjunction witkiu registerlmurmuris another)Breathy voicds, however,despite itggeneral
currency,a problematic term. Laver (1980: 132135) points out that in itphysiologically defined phonetic senseeathy
voice refers to an inefficient phonation that is consequently not often reciastedspeech sound. Due to its high rate of
airflow, pulmonicair is quickly exhaustedwhich makes itherefore difficult to produce a sustained utteramte points
out that quite oftewhat is meant by breathy voice is actually the more effiardrispery voicewhich he distinguishes
from breathy voice in the amount ofnrlial compression supplied by thiet ei endocal processes of the arytenoids.

Recent extensive research into the physiological bases of phonation type using laryngascolsasoundEsling et al.
2019 7981, Moisik 2019 has shown that breathy veicand whispery voice both involve a relatively open glottis
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posteriorly but whispery voice involves in additi@pilaryngealconstriction that is, constrictiomf the epilaryngeal tube

above the glottisThe resulting additional resistance presumablyced airflow ancenhancesustainability. It may also
generate extra turbulence in addition to that at the glottis, although the epilarynx would need to be quite severel
constricted for thatrig. 4.2 compares laryngeal configuration in breathy and whispeice duringmy production of an [i]

vowel. The cartilaginouglottis can be seen to be open at the rear in both whispery and breathy th&esoecalled
ipost er i Bhemam Hiftererc® between the two laryngeastures is theompresmon of the epilarynx in the
whisperyvoice. The main compression is antguosterior,where the arygiglottic folds have been pullecloser to the
epiglottic tuberclethus increasing the arpilottic angle.But there is also some lateral compression: the cumeifor
cartilagegand presumably the arytenoids with thearg closer together e whispery voicd example

Figure 4.2 Frames from a laryngoscopic video illustrating the difference between whispery voice (left) and t
voice. Subject is facing towards the bottom. aa = aryepiglatigle, ae = aryepiglottic folds, et = epiglottic tubercle
= cuneiform cartilages, s = posterior shunt.

The audible frication noise in whispery voice comes from turbulence gendratedhe direct current flow througtine
posterior shunt The epilayngeal constriction may also contribute to turbulence, thig would require testindy
aerodynamic modellingboth channel turbulence and wake turbulence have to be considered (cf. Catford 138)7: 36
Now, | have heard many audibly different degreéérigation noise in Wu speakers, and it may be the case that some are
indeed producing breathy voicas Esling et al. (2019) point out whispery voice and breathy voice are probably extremes
on a continuum of epilaryngeal constriction, butriay turn outthat this is an important distinction in terms of the
interaction between tone and phonation typaVu. But for the momentjn this chapterl will generallyusethe term

breathy vote, and its transcription with []] in the sense of audible frictiomyith the undestanding thasome kind of
epilaryngeal constriction is involved addition to a more open glottis

The transcription®f Tongxiang tonesn table 2.1imply that, in Tongxiang toothe low register dnes haveaudibly
different phonation typs compared to the modal phonation type in upper register t@meathness is certainly present,

but not invariably so. Thus one hears more tokenbeofdwer register delayed low rising tone with breathy voidegreas

the other lower register tones often sound as if they are produced with a less tense phonation and have been transcrit

with the VoQS symbol for lax voice=H=(BaII et al. 2018). Vowel qualitys also involved The low back voweld] is
notable forusually not havingudible fri¢ion in lower register; the high back vowéi on the other hand often has audible
friction.

Aerodynamically, different phonatn types will be manifested in the volume veloafythe air flowing througtihe glottis
and epilarynxpoth in its derivative and also its periodicifhisin turnwill be reflected in the distribution of engg in the
source spectrum (Gobl & Ni Chasi@®13) This is why most current acoustic measures of phonation type involve
estimation ofpectral slopeand theamount of interharmonic noiséf coupling with the sulglottal system is present, as it
will be if there is a large posterior gituthis will show up as subglottal poles in addition to the vowel formatdzeros
which can obliterate or attenuate increase the bandwidth bbnafide supraglottal fanants (Steven$998: 299, 43).
Below are presentdgpical tokens of each of the tonesoirder to compare th@ays in which upper and lower tisters are
realied spectrallyBecausgas pointed out abovtherealisation of theegister differencalso relates to vowel qualitthe
acousic realization is compared on different vowels, thastolling for different quality.The following sections will look
at the low back voweld] and the two high vowelsj[and [] for nontruncated tones, arttie low central voweld in
truncated tonesThe acoustics are presented both as wideband sgemtns with superimposed FO, afabt Fourier
transforms ffts) over a specifiedirst part of the Rhyme.
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4.2.1Regider differences ontoneswith[6 ] v owel s

Figs. 4.3i 4.5illustratesome acoustic differences between upper and Imgasteetoneswnh [6] vowelshawsa&F i g
minimal pair with middipping and delayed low risingones:[td 323 arrive vs.d® uvo8  way. Fig. 4.4shows a
minimal pair with mid level and low rising tones:ii 4  kmif@ &kt o8  flee. Fig. 4.5shows a minimiapair with

high and mid falling toneg: t 6  5islahd vs. [d&31] rice. The differences between the registers are many, and
consistent for all pairs. As expected from g1, the FO in thelower register tokesisdepressedower over the first prt

of the Rhyme, but approaches the upper register value at the end. The lower registesttokarslightly greger VOT for

the lower register Onset stop than for the upper register @topill be explainedin section 4.3below how the lower
registe stops are allophones of voiced phonemes, and the upper register stops are allophones of voiceless fth@nemes.)
lower register tokens show slightly more energy above about 1.5 kHz, but the clearest spectral difference between the tw
registers is in thenergy in the lower frequencies, with the lower register token showing greater amplitude of the first few
harmonics relative to the harmonic closest to the first formant centre frequency. Themrsistentifference between

the two registers in intharmonic noiseThis is expected, since none thie lower register tokens sound particularly
breathy.
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Figure 4.3 Acoustic differences between upper register mid dipping tone and and lower register delayed rising ti
a minimal pair wih low backvowel /. Left =[td  d H arrive, right = RI uMo]  way. Top row = wideband
spectrogranwith superimposed FO (rdihe). Bottom row = fft over first 16 centiseconds of RhyrKeaxes: top row =
duration (csec.), bottom row = spectral fregay (Hz). Y axes: top row left = spectrographic frequency (Hz), top rov
right = fundamental frequency (Hz), bottom row = spectral amplitude (dB).
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flee. Top row = wideband spectrogramith
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Figure 4.5 Acoustic differences between upper register high falling éoraelower register mid falling tone on a
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4.2.2Regiger differences on tones with apicalowels (4).
Figs. 4.61 4.8 illustratesome acoustic differences between upper and lower register watheapical vowels. Fig 4.6

shows a minimal pair with midippinganddelayed low risingones [s6323

minimal pair with mid level and low rising tonessd33]

poemvs. [z613]

try vs. [26213  event Fig. 4.7shows a
time Fig. 4.8shows a minimal pair with

highfalling and mid falling tones:sp51] historyvs. [26431] scholar
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Figure 4.6 Acoustic differences between uppegister mid dipping tone and lower register delayed low rising tone
on a minimal pair with apicalowel [g. Left =[s0323  try, right =[26213  event Top row = wideband
spectrogranwith superimposed FO (rdihe). Bottom row = fft over first & centiseconds of Rhym& axes: top row =
duration (csec.), bottom row = spectral frequency (Hz). Y axes: top row left = spectrographic frequency (Hz), to
right = fundamental frequency (Hz), bottom row = spectral amplitude (dB).
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Figure 4.8 Acoustic differences between upper register high falling tone and lower register mid falling tone on &
minimal pair with apicalowel[§. Left = [s051] history,right =[26%81]  scholat Top row = wideband
spectrogranwith superinposed FO (retine). Bottom row = fft over first &entiseconds of Rhym& axes: top row =
duration (csec.), bottom row = spectral frequency (Hz). Y axes: top row left = spectrographic frequency (Hz), to|
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Expected differences betwedhe two registers in depressed. vondepressed FO can be seenn addi ti on,
di fferences correlated with register are observable ir
fricative [Z}; an alophone of /z/, has considerably shorter duration than the upper register [s], an allophone of /s/.
Spedrally, the lower register tone tokehave more energy above about 1.5 kHz, balike with &/ there is no convincing
difference between registers in the frequency region arthenfindamental. This may be because at the onset of phonation
the glottis is relatively open for both upper and lower registers because of the spread glottis Onset fricatiledayrath

low rising and low rising tone tokershow an initial period of higer noise most clearly visible spectrographically inrthe
noiseexcited F2 and F3, but this is not preserthmlower register mid falling torteken

4.2 .3Regider differences on tonewith [d] vowel

Figs. 4.9 and 4.10 illustraome acoustic differences between upper and lower registerwithef}] vowels. Fig 4.9
shows a minimal pair with midipping and delayed low risingones:[p& 323]  cloth vs [béj 213] step Fig. 4.10
shows a miimal pair with mid level and low rising tonesii{33]  wavevs. [b§§13] climb.

Expected differences between the two registers in depressegindepressed Fan be seen, as well as in the VOTihef
obstruent OnsetsSpectrally, there is no cweimcing difference between registers in the frequency region around the
fundamental. Akin to the apical vowel tokens, both delayed low rising and low rising tone tokens show an initial period of
higher noise most clearly visible spectrographically inrtheiseexcited F3 and F4. This is audible as breathy voice.
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Figure 4.9. Acoustic differences between upper register mid dipping tone and lower register delayed rising tone
minimal pair with ] vowel. Left = [pd 323]  cloth, right =[b&213] step Top row = wideband sjperogramwith
superimposed FO (rdohe). Bottom row = fft over first 15entiseconds of Rhym& axes: top row = duration (csec.),
bottom row = spectral frequency (Hz). Y axes: top row left = spectrographic frequency (Hz), top row right =
fundamental fregency (Hz), bottom row = spectral amplitude (dB).
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Figure 4.1Q Acoustic differences between upper register mid level tone and lower register low rising tone on a r
pair withapicalvowel [@]. Left =[p& 33]  waveright =[b§13]  climb. Top row = wideband spectrogramith
superimposed FO (rdohe). Bottom row = fft over first &entiseconds of Rhym& axes: top row = duration (csec.),

bottom row = spectral frequency (Hz). Y axes: top row left = spectrographic frequency (Howtoght =
fundamental frequency (Hz), bottom row = spectral amplitud¢.(dB
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4.2.4Regqiger differences on truncated tones

Fig. 4.11illustrates some acoustic differences between upper and lower register truncateu to@esinimal pair [FAd]
100 vs. [b&A2]  white. The spectrogram shows the slightly longer VOT for the lower register obstruent [bf As with

18/, the fft spectrataken over the whole of the vowel, shows relatively more energy around thenfemiakin the lower

register.Otherwise there is not much difference in the amount of noise present

|'f*‘\\‘W“L‘#’HF”JM\*L'VP’JP’\ 'tJ”“.WW«L

gt

) S0 100 150 20 250 3000 3500 ) 500 1000 1500 2000 2500 3‘666 3500
Figure 4.11Acoustic differences between uperd lower register truncated tone on a minimal pair vi [eft =
[pdad] 100, right=[b&%2]  white Top row= wideband spectrogramith superimposed FO (rdihe). Bottom row
= fft over the wholeRhyme.X axes: top row = duration (csec.), bottom row = spectral frequency (Hz). Y axes: top
left = spectrographic frequency (Hz), top row right = fundamental&eqy (Hz) bottom row = spectral amplitude
(dB).

The comparisons above have shoeomsistent differences between istgrs that differ somewhat between tones, but
considerably between vowelBhat is,the acoustic manifestation of the register differeqaaphonation type will depend

on the tone andiso on the vowelThis is not surprising, given that tone and phonation type are known to inteshiay ét

al.: 150 15). Two acoustic features attestaagreater glottal area in the lower register. There is, most obviously, the high
frequency noise observéddr the high vowel§d and []. The greater amount of energy around the fundamental observed
in the lower register low vowel$] and @Eis alsoindicative of a wide glottal width, however. As thbduction quotient

(i.e. theinterarytenoidal distangéncreases, the derivative of the glottal airflow becomes more sinusoidal, thus boosting the
amplitude of lower frequency componentghie signa(Titze 1994 261).

As to the greateramountof energyobservedabove about 1.5 kHzf is possible that this apparent increase of higher
frequency energy in the lower registokens could also represerdecreaseof energy due to attenuation from subgial

zeros,in the lower frequencyegions.However, a more plausible hypothesis is that it relates to a resonance associated with
a |l ower register constricted epilaryngeal -24A\WThetqyaster ot he
wavdength resonance associated with the epilaryngeal cavity will be about 3 kHz, and it is interesting to note what appear
to be amplification of the F3 at around this frequency in several of the tokens above (e.g. fig. 4.9).

This all suggests that the labé used in table 2.tbreathy, la), at least with this Tongxiang speaker, are probably not two
different, orthogonal categories, but represent values on the same phonatory continuum that interact with vowel height ar
pitch to give the observed resulfsaken together, the acoustic features described above point, for lower register tones, to a
laryngeal setting involving epilaryngeal constriction associated with a more open glottis.
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4.2.5Time course of low frequency register differences

Having demonsttedoneregister difference for individual low vowel tokeis the relative amount of energy around the
fundamentalwe can now proceed toxamine how this evolves over timesing mean values fronseveral tokensThe
closest quantification of this featui® probably the difference between the amplitude of the first harmonic and that of the
harmonic closest to the centre fr equeTiisnoitlealtab iewilfnotr st
capturethe influence of H2, which we haveeseis also involvedvoiceSaucevas used to extract this parameter, using the
version ¢ al | e dwhighitdrractdor dormant frequencieShue et.al2009) Tokens withlow back [B]-type vowels

were used for notruncated tones, and tokens withorthalf open centrgln)-type vowelsfor truncated tones. Tokens with
unaspirated alveolar/bilabial stop Onsets were used.

Fig. 4.12shows the time courses of the H1&parameter for all eight tones obtained WithiceSauceThe raw values for

each token arplotted with thin lines; the thicker red lines represent their smoothed arithmetical mean and were obtained
by first smoothing the i ndi vi cibicagolynonaak andhthed taking the mean ofitkes w
polynomial coefficients oer all tokens.

Fig. 4.12 shows that the H1Alc difference can change dramatically over the course of the Rhyme, but that lower registe
tones in general have a relatively stronger first harmonic over the first few centiseconds of the Rhyme than stgper regi
tones. This is very clear, for example, in the mid dipping and delayed low rising tones, but even the high falling tone ha:s
less energy than the mid fallingrte over the first fiveentisecondsf the Rhyme.

So far so good; but one still has to leaful before interpreting these differences as reflexes of deliberate phonation type
adjustment, and thus confiing their status as additional, phonatopyrelates of the register difference. This is because
voice quality parameters like H1ATan varysimply as a function of tonal FO in the absence of deliberate phonation type
adjustments (Rose 2020). An alternative hypothesis for the big differences between the mid dipping and delayed low risin
tones in fig. 4.12, for example, could be that they argly due to the difference in their FO. It is, after all, welbown

that low tones are often accompanied by breathiness. This occurs because the production of low tones often involves lary
lowering, which in turn

fé stretches a n d al dimensing aft teeslarynxh teereby ecountéracting or reducing laryngeal
constrictioni biasing phonation towards breathiness due to the lateral force on the vocal folds that draws them away
from the glottal201®ild¥d i ne. 0 (Esling at al

30 mid level 30 high fall 530_ mid dipping 30+ short stopped high
25 25, 25

20- 20 20-\

151 159 1514

10 101 - 101"

5 5 51
51025 o025 o105 oo
301 low rise 30 mid fall 530_ 301 mid stopped high

25 25 25, 251
20 20 201 201§ '
15 153 15 151
10 10 ' 10 101
5 5 | 51 51
0 0 0 0

010 25 010 25 010 75 010 25

Figure 4.12 Differences between Tongxiang tones in the voice quality param&fetc X-axis = duration (csec.);y
axis = difference between amplitude of fundamental and amplitude of the harmonat tteafest formant centre
frequency (dB). Thin lines = individual tokens. Thick red line = cubic polynomially smoothed mean.
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In mostWu dialects, where the upper register tones are in some sense higher pitched than the lower register tones, of
cannot resolve this epiphenomenalityother than by auditorily recognising extrinsic breathy voice of courge a
straightforward manner. Hoawwv e r this Tongxiang speakerdés citation to
lower register tone have similar FO values at the onset of the Rhyme, and this allows their HLA1c values to be compare
under quasi constant FO. These two toneghardow register mid falling and the high register mid dipping. TimganF0

and H1Alc valuesra presented again in fig. 4.118can be appreciated from fig. 4.1t the low register mid falling tone

has considerably higher H1A1c values than the hégjister mid dipping tone over the first five or so centiseconds where
their FO values are very similar. At the point of equal FO, indicated by the vertical line, the H1A1c values of theswo tone
differ significantly at the 0.02% level (directionaltest), but they are significantly different over the first seven
centiseconds at at least the 0.07% level. This suggests that differences in H1Alc are indeed reflecting a delibera
phonatory adjustment, and thidte phonation typepartially reflected in H1Ac is a bonédfide correlate of the register
difference.

160 1 = [lower register] mid fall 30 7 = [lower register] mid fall
[upper register] mid dipping 25 [upper register] mid dipping
140
- 20
120 == "~ N
N SN _
1007 \ 10 1 T
\ —
80 - 5
0 .

0 9 0 15 20 25 30 35 0 5 10 15 20 25 30 35

Figure 4.13 Comparison of time courses of mean FO (left) and mean H1ALc (right) in lower register mid fall and
regiger mid dipping tone. Xaxis = duration (csec.);gxis (left) = FO (Hz), (right) = H1Alc (dB). Vertical line = point
of equal FO in both tones. The first 7 centiseconds of the Rhyme are plotted solid.

4.3 Register and Onset

There are also correlations between register and Omsetder to describe the syllable Onset properties characterising
tones in the upper and lower registers it is Usefinave a table of the Tongxiang Onsets: these, which should be taken to
represent contrastive unitsit will not hurt to think of them as phonemésare arrangecdhi conventional manner in table

4.1 It can be seen that the stops and affricates comnipliets: /voiceless aspirated, voiceless unaspirated, and voiced/, e.g.
p", p, b;&3Xy, @/, and the buccal fricatives in voicéd/oiceless pairs, e.g. /f v/.

With the aid oftable4.1, the first registerelated Onset property, which is phonotactizn be stated: the voiced syllable
initial obstruent phonemes occur the lower regster, and the voiceless obstruent phonemesurin the upper register
Another way of characterising the difference is to say that the upper register atioaspiratn (i.e VOT) contrast
between stops, and the lower does not.

Table 4.1 Tongxiang/Onsets
active LABIAL CORONAL DORSAL n/a
articulatory
bilabial alveolar alveolo velar glottal
palatal
YEYYSN / pd tQ1{ tsQ| &©Q & kQ K
stop/affricate b d "H W g
fricative fv S z O y h
nasal m n JiS
lateral |
glide ] w/




24

The second Onset property allophonic: the voiced obstruent phoneniesthe lower registertypically have two
allophones conditioned by word positionord-initially, as the examples in table 2they are voicelesand lax[Ch but
word-internally they are modally voiced, fokample /d/ is realised adfjword-initially, but [d] word-internally, as at [43
for example:

-

a / # ]
- d v
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Figure 4.14 Acoustics of the voiced stop /d/tine morphemedd  way} in citation form (left) and in the word
/p6 d6/ report (right), showing allophonic variation conditioned by position in word. Top row = waveform, bot

row = aligned wideband spectrogram with superimposed FO.

An example of thisealisation is given in fig. 4.14vhich shows the sanuelayed low risingone morpheme {@  way}
occurring in citation form and as the second syllable of the wairdd/ report . This allows us to see thecoustic
realisation of the syllablanitial /d/ both wordinternally and (quasi) wordhitially (I write quasj because {d way} is

a bound morpheme, and so strictly speaking this cannatoba initial occurrence. But the utterance of citation forims
equivalent to saying a wad). In the left panel of fig4d.14the release of the /d/ can be seen at csec. 2.5, with periodicity
onsetting at ca. csec. 4. This shows that the wwatidl /d/ is completely voiceless with a small VOT lag of about 1.5 csec.

[dF: In the right panel of fig4.14 on the other hand, periodicity is present throughout the- laoid releas@hase of the
intervocalic [/ d/, from ca. csec. 18 t o cistermal/d/ i #us fullye | e a
voiced,with a VOT lead of about 7 centisecon{ty.

Syllableinitial stops in the upper registeto not show this kind of allophony conditioned by place in the word and
generally have only one allophoreg. /p/- [p], t'"/ - [t"] etc.. Fig. 4.15shows tpical acoustics of a /t/ in the same
morphemd {t6  arrive) i both wordinitially, and wordinternally in the word /p.t6 / check in

The wordinitial occurrence of /t/ on the left showsshort VOT lag of about 1 centisecomdth release occurringt csec.4

and periodicity onsetting at csec 5. The wortgrnal realisation of /t/ in the right panel shows the /t/ has a hold phase
devoid of periodicity, from csec. 15 to release at csec. 24aahdrt VOT lag of about 1 centisecofithese are typiddor

a voiceless unaspirated stop.

A comparison between the VOT of the wenitial stops in figs. 4.14 and 4.15 showasslightly longer value for thiower
registervoiceless @ allophone of /d/ than thapper registervoiceless [t] allophone of [t/This difference between the
coincident VOT stops in the two registers is typiftal all placesand has been demonstraiadother Wu varieties (e.g.
Ro0sel982 262, 263t pass, 2016). It may be one reason why thdl-gounds lenis and the [t] fortis. It is plausibly related
to a difference in prephonatory distance between the faldborter VOT foft] would imply that the foldshave a smaller
prephonatondistance, thus theofds would not take quite so long to start vibrg. The longer VOT for @ suggests that
the folds are wider. This thusa further connection between segmental structure and register.
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Figure 4.15 Acoustics of the voiceless unaspirated /t/ in the morphedne {arrive} in citation form (lef) and in the
word /pd to/ check in(right). Top = waveform, bottom = aligned wideband spectrogram with superimposed F

Like the stops, eiced fricatives / Z’A/ also show the comptientary distribution between voiced and voiceless allophones
depending on position in word, e.g.

Izl - & | # 4[4

Fig. 4.16shows examples of this conditioning, in tokengzéfin thesame morphemgza A stong in citation form (left)

and in the wordp6 za/A jewel (right). It can be seen that the wendtial occurrence of /z/ ifza}A  stonelasts

from ca. csec. 2 to csec. 19, and consists of typical high frequency noise above about 5 kHz followed by acshoft peri
noiseexcited formants as the alveolar constriction is removed. During this time it is completely voiceless, with periodicity
onsetting only at the onset of the Rhyrme The wordmedial realisation of /z/ on the other hand can be seen from the hig
frequency noise above 5 kHz to lagirfr about csec. 23 to csec. #8.fully voiced nature is not clear from low frequency
periodicity but can be seen by the clear periodicity of the high frequency noise.

bl
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Figure 4.16 Acoustics of the vaied fricative /z/ in the morphemed A stoné in citation form (left) and in the word
/p6 zalA jewel(right), showing allophonic variation conditioned by position in word. X axis = duration (csec.
axes (left) = spectrographic frequency (Hz) amght) = fundamental frequency (Hz).

As with the stops, there are regular diffeces in duration between the upper and lower register fricatives e.g. [gand [

Unlike the stops, the upper register @tives are longer, and this hesen demonstrated in several Wu varieties. The
difference is again plausibly due to the prephonatory distance between the folds, and indicates that the folds are spre
wider inthe upper register fortis fricatives, e.g. [s], than in the lower register lenis fricativegle.qg. [
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As explained above, avd-initially, the voiced and voiceless obstruent phonemes in talilear¢ in complementary
distribution conditioned by the re¢gs of theirtone: voiceless obstruent phonerhdhat is both aspirated and unaspirated
occur with upper register, voiced obstruent phonemes with lower.

A phonemicallysavwyr eader may then well ask: i | in comfrementary distribution,a n d
surely they cannot be r eal i sasfolpwssWwomtateraallyeratherrcomplexchangez 6 T |
that occur in lexical tone sandhi usually remove the complementary environments, allowing the voiced and voiceles:
obstruentdo occur in cotrastive distribution.

This is made clearer in fig. 4.1Whichcompareghetwo words from figs. 4.14 and 4.1506 t&/ check inand /@.do/
report Now, in Tongxiang disyllabic lexicalone sandhi, after worthitial dipping tonesas in these examples, a

delayed low risingtone on the following syllableloses itslower registernonrmodal phonationand hus becomes

neutralised with amid dipping toneon the second syllable: both these words have [32.23] Hiidhs falling-rising

disyllabic pitch actually results from the spreading of the rising part of the first syllable onto the setaidy well-

documented aspect of Northern Wu tone sapdftie difference in Onset ofogent, however /t/ vs /d/- is retained,

realised as [t¥s [d], and thisresults in the minimal pair distinguished gcond syllablénset consonanfpd t6 32.23]
check invs.[p6.dé 32.23.
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Figure 4.17. Acoustics of a minimal paimemonstrating woréhternal surface contsa betweervoiceless unaspirated
and voicedalveolar stop#t/ and /d/fin the wordgpd téo/ check in(left) and /@.d&/ report (right) . X axis =

duration (csec.), y axis = frequency (Hz).

Fig.4.18 shows asubminimal triplet along the same lines as the previous exanaptereeway word-internal surface
contrast between voiceless aspirated, voiceless unaspirated and voiced alveolopalatal affi@étes / in the words in
the words /kp ‘Q5Q" “/ to skip over /pdigi " "/ notes and /p&.o @l /" north pole It is this kind of
sandhi behaviour that enables one to speak of the-tageontrast in obstruents that was mentioned as criterial fer Wu
hood in the introduction.
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Figure 4.18 Acoustics of a sulminimal triplet demonstrating worithternal surface contrast between voiceless

aspirated, voiceless unaspirated and voiced alveolopalatal affricat@® « / in the words kp ‘QyQ)" “/ to
skip over/pdii "™/ notesand /p&.@I /"  north pole X axis = duration (csec.), y axis = frequency (Hz)
5. TARGET

Apart from truncation and registehetTongxiang tones in figR.1 also obviously differ in @hird way, which will be called
target Targetcomes closest to true tonal behavidtiis what is left wherregisterandtruncationhave been factored out.
To explain thistakefor examplethetwo words[td | Jarrive and[ﬁjj% way. They have the same truncaticalue
but differ in register{td T ]arrive is upperregister,[R) %4 way lower register As explainedabove, the register
differencecorrelates wittseveral differences betwe#rese two words. Firstly, there is the difference in pitch cnsawer
register tones have @depressegitch onset. Secondly, there is the phonation type differdoeesr register tonedhave
lax/breathy phonation typ&inally there is the differee n the initial consonant3.he [t] in theupperregister word is the
realisation of the voiceless unaspirated alveolar ptamemeét/. The B}in thelower register word, on the other hans
the word-initial realisation of a differentyoiced,phoneme /d/.(Recallfrom section 4.3hat voiced obstruent phonemes
occur in thdower register; voiceless obstruent phonemes occur in the upgistere)

The important consequence of thighiat one carextract the same dippirtgrget for both these two worddow, one can
obviously do that by phonological fiat, but it is preferable to do it phonetically and quantitatively walhchow show
how.

The concept ofargetin speech productionan be construed in two different wayatrstly, of course, it can refer to the
auditory target a speakerirgendingi in tone or intonation this will be a particular pitch pattern. But it can also refiee to
targets a speaker uses to achieve that auditory target. Ladefoged (2005: 4ff.) yiothtt this aspect of the control of

pitch can be articulatory, aiming to controlling the tension of the vocal folds. It is also possible that it is achieved
aerodyamically, aiming to control the rate of airflow through the gldttithis, by the way has been demonstrated for
Standard Chines@ones(Ladefoged 2005: -B). Or the third option could be thahe speaker couldimply be aiming
directly ata pitch targetithout caring how they achieve it.
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Note that | have not specified the nature of Tomgxiang tonatarget Obviously it can refer to the intended pitch pattern,
and therefore & construed as a pitch targitmight also be construed as articulatorgwever, in particular the tension
settings the speaker is aiming Speakers pratte intendeditch differencesy controlling the rate of vibration of their
vocal folds These aréwo small lips of elastic tissue stretching fraotback at the bottom dhe throat. The vocal folds
are shown in fig5.1, with stills from a laryngoscopic video made by the auttiorthe left panel of fig. 5.iny vocal folds
are apart, in the middle of the hold phase of a voiceless aspirated bilabigd E@phen broughtogether with the correct
tension the folds will vibrate when air is forced between them. Adducted and vibrating cords arerstimaright panel of
fig. 5.1, during a high front vowel [i].

Figure 5.1 Vocal folds(V) viewed from above. Left folds abducted dung [p J)Qight =folds adductednd vibrating
during [i]. Subjecdbs head faces the top.

Other things being equal, a high rate of vocal fold vibrawill be perceived as a high pitch, a low rate as low. And
changing the rate of vibration wilue different pitchesThe rate of vocal fold vibration igrgely determined by how tense
they are: tensdolds vibrateat a highe rate. \bcal fold tensiors controlledby theco-ordinatedcontraction and relaxation
of several muscles and muscle groyf#tze 1994: ch.8)Those inside the larynx are callirinsic. They are amongst the
fastest contracting muscles in the body and their rich, independamnvation allows precise contr@i{ahane 1982: 125).
The two most important intrinsic laryngeal muscles concerned wdtitrolling thetension of the vocal folds are the
cricothyroid and the thyroarytenoid’he cricothyroidis a paired muscle which streashthe vocal foldé a frontto-back
direction. Electromyographi studies e.g. Sagart et al. (1987have shown that the cricothyroid involved in the
production of high tones in several languad#bereas the cricothyroighpartspassivetension to bth the body and cover
of the folds, the body can also betivelytensed by the thyroarytengithe internal part of which actually constitutes the
body of the folds themselves. Ttigyroarytenoidacts in conjunctin with the CT to findune theamount oftension in the
folds.

The extrinsic laryngeahusclesalso called the strap musclesspend the larynixetween the hyoidboveand the sternum
and clavicle belowThe main strapmuscles are the thyrohyoid, sternohyoid and sternothyfidié drap muscats are
involved in lowering and raising the larynx ahdve been shown to be involved in the productiotonés withlow pitch
(Erickson1976 Erickson et al. 1983

The activity of themuscleswhich control vocal fold tensionan be examined by electrgography,by whichthe amount
of electrical actiity in them can be measured. The amount of electrical activity is transduced by meaegdié
electrodesinserted into the muscles Baken 1987: 43441). Fig. 5.2 illustrates how he electrical activity inthe
cricothyroid andone of thestrap muslkesi the thyrohyoid' relates to tonal acoustics in the production of an actual fone
in this casehe /Fall/ tone in a speakef Standard ThaiThe Standard fiai /Fall/ tone haa pitch falling from high tdow.
The /Fall/ was produced on the syllable /byméceded by a syllable bcarrying the /Nd/ tone The data were measured
from figures in Erickson1976 112).
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Figure 5.2 Time-aligned acoustic and electromyographic activity during the production of a Standard Thai /Fall/
in the utterancen/ huu/. X-axis = durationgsec.). Verticatiottedline = onset of /uu/ Rhyme. Top panel = fundamen
frequency (Hz); middle panel = critioyroid (microvolts); bottom panel = thyhyoid (microvolts).

The top panel of fig. 5.8hows the FO, with the onset of the vowel indicated at €&d¢t can be seen thtte vowel lasts

some 32 centiseconds, during which the FO has a short initial rise from about 160 to 200 Hz, and then falls to about 120 H
The initial FO rise is due to coarticulation with the preceding /Mid/ tone syllable, \wagla level FO at about 170 Hz, and

the fully voiced intervening bilabial stop /b/, which shows a typical drop during its hold. Itgsdtaction of thdalling

FOthat is of interest. In order to produce the falling FO for the /Fall/ tone, it caedmethat th€T activity begins some 20
centiseconds before the onset of the vowel. It gradually increases to a peak a few centiseconds after the vowel onset, &
then decreases to just before FO offset, after which it starts to rise once matteyrdtmgoid muscle activity startat about

18 centiseconds into the vowel, when the FO is aboutwefthrough its fall. It reaches a peak some 10 centiseconds
before FO offset, and then decremasgain. The CT and thymgoid activity appear to indicate inhitbry action: during CT

activity the thyrohyoid activity is low, andviceversa The activity of the two muscles also appears to differ in
symmetricality. The activation pattern to produce the high falling FO is thug sithple: CT stretches the vocaldsto
increase tension to produce a high FO to signal a high fiteéhdecrease in CT activity then initiates a falling FO, and the

fall is continued to a low value by contraction of the strap musailetiding the thyrbyoid. It is therefore possible

equate high pitch with CT activity and low pitch with strap activity.

Fig. 5.2 has demonstrated the qualitative relationship between laryngeal mustieca&leactivity and tonal FOA
guantitative model for how these relate is far more com@exeal levels of interaction intervene between EMG activity

and acoustics, most of themnbn ne ar . Firstly there is the muscleds res
the muscle length as a response to the muscle activity, followed byainge in the muscle tension as a result of the
change ifuscle length, and then the change in the FO resulting from the chaegsion(Buchanan et ak004) Finally,

of course, there will often be concerted activity between several muscles, forlexhmpstraps, to produce a single
acoustic effect, i.e. low vocal fold tension.

There is, however, a simplified model available which
known commaneresponsemodel for tonalFO (Fujisaki 1983,2008 Mixdorff 1998: ch.3. This model which has been
applied toseveral tone languages including Manda@iantonese and Shanglfgujisaki et al.1990, 2004 Guet al. 2004,

factors the timevarying FO into two types of component, both modelsdmpulses of given amplitude and duration. A
tonal component represents the response of the speech production mechanism to impulse commands for implementit
tone. These are said to relate physiologically to ghes rectaactivity of the cricahyroid. The second, ophrasal
component represents a much slower tiragying response and accounts for mgradual dange in FO throughout an
utterance or intoational phraseThis is said to correspond physiologically to gas obliquaof the cricdhyroid.

A Fujisaki commandesponse analysisy-synthesiof the Standard Thakall/ tone in fig. 5.2 for which the EMG dat is
known, is shown in fig. 5.3The top panel of fig. 5.3hows actual tonal FO plotted in grey, with the FO predicted by the
commandregponse model plotted in red. As can be seen the agreement is good throughout the FO time courseebut we
concerned only with the 32 or so ceatisnds of tonal FO on the Rhyme, between the two vertical dashed lines, and over
this durationthe rat-meansquare error is just over Hz. The cyan line indicates the FO expected in the absence of tonal
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commandsThe particular configuration of accents which generated this response is shthenbottom panel of figure
5.3

optimised command-response analysis of mean values for Standard Thai /Falll tone

220 1

1 1
! observed FO

200 4 ! estimated phraseal F0
i = pstimated FO

180 ! I

160 1 !
140 i
120 7 Rhyme FO mean squared IFerror (Hzy=1.2

-20 -10 0 10 20 30 40
1.0 | command(s)
! phrase
0.5 A i — tone
; — Onset/Offset
o h
051, | | . . = .
-20 -10 0 10 20 30 40

Figure 5.3 Fujisaki commandgesponse analysis of the Standl Thai /Fall/ tonén fig. 5.2 X-axis = duration (csec.).
Vertical dashed lines = boundaries of /Juu/ Rhyme. Top panel = fundamental frequency (He) timie = predicted
tonal FO. Bttom panel = impulses (arbitrary units).

The onset and offsetf the phrasacommand (cyan)ie outside thebottom panel of théigure, so it appears unchanging
throughout the utterance. The /Fall/ tone is modelled with two-oeerlappingtonal commads shown in red The first
command lies about 8 centiseconds either side oRthene onset; the second starts just before the middle of the Rhyme
and lasts until just after the Rhyme offset. Both have similar amplitudes but different polarities: the first is positive, th
second negative.

The Fujisaki model does not allow for ahiytg other tharthe phrasal and tonal commands, and the tonal commands must
not overlap But all FO reflects the effect of segmental articulation, and the drop in FO immediately preceding the Rhyme
onset is a case in poir®ne would notwant the segmentgtinduced perturbation having to be accounted for by the tonal
commands.Therefore, in addition to the tonal commands | hamhanced the model by makipgovision for extra
commands to model these effects. The negative commslamanin blue starting ata csec-16 and ending at Rhyme

onset models the effect of the fully voiced [b] Onset by lowering the FO both during the hold of the stop and also onto the
first few centiseconds of thehigme.FO perturbations also typically occur at Rhyme offset andhisreéxample there is a
smalldrop in FO just before csec. 30 which is modelled by a very short negative commandrshdvenjust before csec.

30. By incorporating such perturbatory commanone can ensure that the tonal impulses reflect the E®, notthe
perturbatory FO.

Having demonstrated the use of therturbatoryenhanced-ujisaki commandesponse model to some data where the
ground truth EMG is known, we camow see how it applies to the Tongxiacitationtonal data.

5.1 Fujisaki Command-Regonse model applied to Tongxiang citation tone FO

Fig. 5.4 shows the commamdgonse (CR) analyses for thentruncated high register tonésnid level, high falling and

mid dipping (the phrasal impulse is held constant for all and is not shown). $heitfitall three tones have very small

mean squared errors between 0.8 and 0.5 Hz. It can be seen that the mean acoustics for the mid level tone can be gener
with a single positive tonal command starting some 8 centiseconds before Rhyme onset agdaeodiple of
centiseconds before Rhyme @&ffsA short positive impulse is required just before Rhyme onset to capture the initial FO
perturbation, and a negative impulse will capture the small drop at the end of the Rhyme. The high falling tonad,acoustic
in addition to the onset and offset perturbatory commands, require a more complex CR analysis with two impulses o
similar magnitude, the first positive and the second negative. This is similar to the analysis for the standard Thai higt
falling tone infig. 5.3. The mid dipping tonal acoustics also require two impulses, but with the initial negative and the
second positive, and with smaller magnitudes than the high falling tone.



31

N

==
=

=
=

=

=

=
=

| >
ot 0’ | |

80 RhymeFOmeansquared‘prror(Hz)w.B 801 RhymeFUmeansquared‘prror(Hz):U.E 80 RhymeFUmeansquaredkrror(Hz):O.B

~
=
~
=

=~
=
=
=

20 40 0 10 20 K| 20 A0 0 10 0 K| 2 A0 0 10 20 k(]
n 3 ! 041 ‘ 0
021 ! ! 021 ! 02 ! !
001 ; 0 ; 1 00 L—-—H—
2] i i 021 3 : 22 i
14 3 ! 14 3 ! 4 3 :

A 0 0 0 ®m WD L0 N B W A N0 0 0 AN W

Figure 5.4. Fujisaki commandesponse analysis of the Tongxiang mikl€left), high falling(centre)and mid
dippingtones. Xaxis = duration (csec.). Vertical dashed lines = Rhyme boundaries. Top panel = observed FO (g
estimated FO (red) and phrasal FO (cyan). Bottom patwiat commands (red). Segmenrpairturbatory commands
(blue). Y-axes top = FO (Hz)bottom = arbitrary units

The CRanalyses for théow register tones§ low rising, mid falling, ddayed low risingand short stopped low are
important because they introduce an additional type of impRiseall that, in the discussion tife relationship between
registerand pitch in section 4,1t was pointed out that pitch/FO could only be used aorrelate of high vs low register
distinctionif high-low tonal pairs were identified. These pairings were givemidsevel~ low rising; high fdl ~ mid fall;

mid dipping ~delayed low rise; and shostopped high ~ short stopped loespectively It was also claimed that the
register difference alwed a third dimensiontargeti to be factored out, such that tones within a register pairing shared
the same target.

It is time now to demonstrate this quantitatively, and this can be done wigmhlaeced-ujisakiCR model.The idea is to
investigate to what exterihe low register tones can be generatgth the same tonal impulses as their high register
counterpartsi this represents the same targqtlus an additionatlepression impulsehich lowers the FO athe onset of

the Rhyme. Fig5.5 shows the CR analyses for the three-troncated low register tonel.can be seen that each bkt

tones has a negative commasfdsery similaramplitude starting at 16sec before Rhyme onset and finmghat different
timesafter onse(the commands are shown in blackhe fits are once again very gooall less than 1 Hz errofo it is

indeed possible to generate the lower register tonal FO from the corresponding upper register tonal impulses with t
addition of adepression impulse of uniform amplitude and onset.
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Figure 5.5 Fujisaki commandesponse amgsis of the Tongxiang low register tones with depression command. Le
low rise, middle = rid fall, right = delayed low risingX-axis = duration (csec.). Vertical dashed lines = Rhyme
boundaries. Top panel = observed FO (grey), estimated FO (red) and phrasal FO (cyan)p&wtorrtonal commands

(red), ®gmenal-perturbatory commands (bluand depression commands (blackjaxes top = FO (Hz) bottom =
arbitrary units

Now, goodness of fit alone guarantees neither correctness nor superiority of model. The positions of the planets could t
model |l ed very wel licsyten assurRittatitheymerd reundtipeieartlr; and a good fit could later also

be obtained witim a heliocentritheliostaticsysem assuming i r cul ar pl anet ar ¥, Koedldr 1959: ( O6
194-222). | would like, howevei of course!i to think that this CR malysis is not instrumental, but real: that the
depression impulse actually represents something physical.

What could this component be? An initial hypothesis is that it is related to a short burst of thyroarytenoid activity which
relaxes the passive t&on in the vocal fold cover coming from the cricothyroid implementing the tonal target. | envisage
this not as a deliberate gesture to change the FO, balsasready argueith section 4.2above,a primarily phonatory
gestureinvolving epilaryngeal consction and a more open glotti$he thyroarytenoid is the prime suspect because its
external part plays a very important role in epilaryngeal constriction, by pulling the aryepiglottic folds towards the
epiglottis (Esling et al. 2019: 34 et pasPerhgs, too, the auditory impression of laxn@sshe low register tones relates

to the momentary rakation of the vocal fold cover that would occur with a thyroarytenoid contraction.

The findings of this section have two tonological implications. Firttfyng able to factor out the effect of depression on
tonal pitch means that a muchmgiler representation is possitftyr tonal pitch target than appears from the surface tonal
pitch. For Tongxiangthere may be eight tones, kanly four targets are invekd, not eighthigh fall, mid dipping, mid

and high.It will be seen thathis simplification applies, with certain restrictions, to the Wu dialect varieties described
below; | suspect it willbe found toapply to many.Secondly, the enhancegujisaki commandresponse modely
demonstratedlso allows a precise definition of the targets in terms of the amplitude, polarity and duration of the impulses.
Some time agohi her EMG studies on Standard Thai tqrigsckson(1976: p.76 ff.)pointed tothe connectiorbetween
larynged muscle actiiy and tonological featuredzor example, a tone with a migitch might be represéed as|-
cricothyroid, - straps].This insight was just a little too early for autosegmental phonology, which also appeared in 1976,
but its application to ansegmental tones like H M L is clear. It is difficto find a definition of whatfor examplefi H ar

i L stands for, but the findingsf this section suggest that theguld be construed aspgroductionaltarget. This would

allow their precise definiton in terms of amplitude, duration and polarity of thmpulse generating thenn the sections
below | have assumed such a target status for autosegmental tones.

6. REPRESENTATION

The previous sections have given an auditory and acoustic descriptioa citdtion tones of a speaker of a typical Wu
dialect. In addition to pitcht was shown thaphonation type, duration and segmental qualityplay a part in Wu tonal
structure, thus giving concrete exphésstsona it E&abdame
of pi t c(hendersanmwasreedof the pioneer descriptive phoneticiamsl linguistsof South East Asian languages.)

| have showrabovehow Tongxiangtonal structure can be described in terms of the interabétween three prosodic
dimensions register, truncation and target. Registeich is best considered multivaluednfidal lax, cr eaky é]
controls thephonation type differencesdepression ofpitch/FO, and realisation of syllable Onsetsurication ([+/-
truncated])controls duration r@d vowel contrasts. TargéfH, M, L]) accounts for pitch contrastall this would make
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Tongxiang a variety which t ytypedomrgsiscthatliniojwe sété of coadlated phanstie ¢
propertiesassociated with vowel, phonatory, andéodn qual i ty. o:16@)s | i ng et al . 2019

The best way to summarise all this by giving some sampleepresentatioand derivationsl do this with acertain amount

of reservationAlthough recent subdisiplineske sociophonetics evidence a welcoreboundfrom the heady decades of
structuralist and generative revbiins, the prevalerdttitudein formal linguisticsis still pretty muchoneaofé di vor ci n.
language structure from its usgvith the sometimes deteriousconsequenceshat fAé r at her than t a
a way of wunderstanding the phenomenon, € the abéfLaacti
Polla2016:238, 239.

It is nevertheless important to formaliseusture in some kind of representation. This alone enables one to be explicit
about the putativetructures angrocesses involved, gbat ong and otherscan understand the phenomencniticise it,

and develop alternative models and solutidDee roleof complex data, afteall, is to better test models, and there is
always the Ordinary Language Philosophical hopefthatt he cl ari fi cati on of the nat ul
representing reality will uncover something about realityd@ragg et al. 2013).1 will assumebelowthat,ascomnon in

Chinese Linguisticsthe citationtoneis basic and represent its structuresimplified featuregeometrical fashioiicf. Yip

2002: 52ff.)

Representations for the mid level and low rising tanthe worddqt6 33] knifeand ¢ 23] fleeare shown in fig6.1 It can

be seen that the two wordse represented aliffering only in registerand Onset consonant. The mid level tone is
[+modal], with a /t/ onset; the low rising tone is lax (km$dal]), and has a /d/ Onset. They both share the same M tone
target, and the sameruncated] valugwhich isencoded by the bimoraic structumegister is shown independent of tone.

[ta 33] 7] knife ¢ a [da 23] 2 flee d a
[ | |
word (|3 v word (‘: T
Onset Rh}|'me . %W/Rhyme

Register /G\ Register /9\
nn nop
mo‘dal A Ia‘x h4
M M

Figure 6.1 Tonological representations for Tongxiang mid level (left) and low rise tanesyllable,s  rmora.

A few simple rulesonditioned byregister andruncationwill then derive surface forms. M can be realised as [33] pitch in
conjunction with modategister, and as [33vith lax. (Or, if one wants to go directly to an acousjiecification M can be
converted into F@ia Fujisaki CR parameters as shown in the secti@valbn targe) V can be realised as modally voiced
[6] with modalregister and as lax voicedd] with lax register The phonatory offset to thetfuncated] V is graduallhe

lax register obstruent /d/ is realised as a voicdress ff}, and the modabstruent /t/ as [t].

Representations like these usually mix both formal andtfonal propertieghat is, they include information which allows
mapping to both higher level structures like word and morphame to sound feates like V and C (Hirset al. 2000.
The functional mapping, to higher level structure, is particulianportant in this case asdan be used to indicate what a
particaular feature is a property of. In this case, regigteshown as directproperty of the wordeven thouglit is derived
from the register of the worithitial morphemeThis is because tone sandhi behavioufongxiangshows that, as in many
other leftdominant Wu varietiesonly the initial syllable of a word carries a distinction between modal anemuatal
registeri all other syllablesare modal.Rose (1990pives a description of thi;n Zhenhai dialecsandhi The fact that
upper and lower register pitch shapes are also neutralised wardrinitial syllables is of course additional evidence that
thereare fevertargets than pitch shapes.
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[da31] #& rice d a
\ \
word (|j T
Onset Rhyme
Register }—\
pop
lax ||
L
[da 213] 3B way <‘1 c|1
waord (‘j T
\ Onset Rhyme
yaa
Register /G\
| [T
lax
MLM

Figure 6.2 Tonological representatiofisr Tongxiang high and mid falling tones (top), and mid dipping and delaye

low rising tonesl  syllable,e  rmora.

Representations for the ndrmuncated high fall, middil, mid dipping and delayed low risirtgnes aregiven in fig 6.2

They are the sammutatis mutandiss the representations for the mid level and low risimg:t@part from the tonal
representations. igh fall and mid fall share the same HL tonal representation which can be converted to [51] and [31]
pitches in the context of different register; mid dipping dethyed low rising toneshare the samgimoraicMLM tonal
representationwhich can likewise be converted to [323] and [213] pitcli@sne sandhi behaviour requires a bimoraic

structurefor the MLM targets.)

Fig. 6.3shows epresentations for thieuncated high and lowones both realisations of aH target.The [+truncation is
encoded in the single mora. This determines the realisation of the /a/ vowel Réhert, lowemid, and, worefinally,
followed by a glottaktop [d4 It is helpful to remember that in these representationphiogemicsymbols abbreviate a
set of distinctive featureé\s shown above, truncated tones only hioug contrastig vowels in truncated tones, so thé
is simply [+low]. The realisationules arehus V [+low] > [-back,-front, +short, + glottalised] + truncated Exactly the
same consideratiorepply to the short stopped lotone slown in the right panel of fig. 6,3xcept that the nemodal
value of Register also gives lax phonatigpe to the vowel.

[te" 4] 1] get tl Eli
word ‘C T
Onset Rhyme
L
Register T
dal l|1
moda H

Figure 6.3 Tonological representations for Tongxiang truncated tanesyllable,e

[d¥72] % special 4 a

| |

word (‘j \"

Onset Rhyme

LT
Register T
0
lax H

mora.

7. CITATION TONES FROM OTHER WU SITES

The previous sections have given examples from just one speakerealee would be justified in arguirlyat this, on its

own, is not enough to support clainfier generality within Tongxiandget alone across most of Wli.would not help to
adducemore Tongxiang speakers, but certainly data from speakers from other sites which show the same or simila
structurewould constitite a more compelling argument for generalifor the probability ofgetting the same structure

from different speakers recorded by differentastigators with different elitation methods at different times is of course

far, far greater assuming that the simitgris not occurring at randongo how many other Wu diales; if any, are like
Tongxiang?n order to get an ideahis final section will adduce data from several other Wu spedkens a selectiorof

other sites/countiesacross the Wu area&hangyinshan the north Longyouin the west Pingyangin the soutkesst,
Zhenhaiin the eashorth-east Taizhouin the east, Jinyun south oémtre and Longquan in the sowtlest. These sites are
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shown onthe map in figure 1.1They all play variations some large, some subtlell interestingi on the Wu tonation
templae.

8. CHANGYINSHA CITATION TONES

Fig. 81 shows the acoustics of the eight citation tones fefnaale speaker fror@h § n g y 9 n s.ICkangyinsha is
town in Jiangsu province on the southern bank of the Yangtze estuary18bBdtitometers northvestof Shanghai and at
the very north of the Wu areds location is shown in thenap in fig. 1. Like Tongxiang,Changyinshdies in the Taihu
linguistic area of Wu, but in a different salbea. The speaker was in her early seventies when | recorded her iTRO11.
tones are arranged according to truncation and registeracoustic values of the individual tokens are plotted in thin grey
lines and their arithmetical values are plotted in thick red lines. Meaarahoffset perturbains have not been shown.
Table 8.1gives examples.

Truncationis realised in the same multidimensional way as in Tongxiang, by phonation offset, Rhyme duration, vowel
quality and number of contrasts. Like in Tongxiang, toe, ltwerregister in the bottom row tones is realisedhbim
phonation type, FO and segmentally, in incidence and realisation of voiced obstruent phdhenas.registephonation

type issimilar to Tongxiang lax and not very audiblé but was resolvable by HH2 measures when tlsamespeaker

was recorde earlier for a pagr on Wu phonation types (Cao and Maddieson 1992). The first author in this paper, Cao, was
the speaker used in this chapt&ggmentally, the voiced phonemic obstruents are restricted to the low register tones and
have voiceless lenedlophones wordnitially and voiced allophones woiidternally.

As far as FO is concerned, fi§.1 shovs the FO values of thiew register tones lying largely in the lower half of the
speaker'$-0 range, but still overlappingith the FO of thaupper rgistertones.The FO feature thahost clearly defines the
low registertones is their low onset, itself probably a function of the-mmual phonation typdn contrast to théow
registertones, tones in the upper row of table 1 have modal phonationngpéow onset FO, and lie largely in the upper
FO range.
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Table 8.1 Phonetically transcribedkamples of the eight Changyinsha citation ton

high level to/E east tadl knife
mid dipping taE understand| tad island
high rise = cold tadl arrive
low rise déE together | "Ha® talent
low convex déE move - five
delayed lowrise deE hole v rice
short stopped high rise | (@ hurried WA square
short stopped low rise dén read A meat

Fig 8.1 The Wu tonation template exemplified with acoustics of eight citation tones from a speaker of
Changyinsh. Vertical axis = fundamental frequency (Hz), horizontal axis = duration (csec.)

TRUNCATION
non-truncated | truncated
2601
240-\
2201 -/
upper 2001
1801 short
160 delayed i stopped
1401 high level high rise high rise high rise
0 " 20 40 0 20 40 0 " 20 40 0 " 20 40
REGISTER
i short
2601 mid fall delay_red <topped
240 low rise low rise
220
lower | 2097
180+
1601
1401 low rise
0 20 40 0 20 40 0 20 40 0 20 40

The Changyinsha data indicate that it behaves in the same way with respect to truncation and register as Tongxiang, whi
is not surprising as the two locations agh within the same lingsiic area of Taihudowever, unlike Tongxiang, there is

not complete pairing by contour between the maahal nonmodal register toned.he high level and low rise tones look to

be paired bydepressionwith the low rising tondavinga depressed high targ The same appligsutatis mutandiso the
truncated tones (MH target].he high rise and corresponding delayed low rising tane an interesting case. Thagh

rising tone is clearly a MHarget. But itdower register counterpgralthough it sharesésing portion, isclearly not just a
depressed MHPerhaps thisndicatesthe need for an additional type @élayedrising targeti MMH i encoded in mora
structure? The final pair afelayed high risand low convex tone, however, are clearly not ataimse of the same target
differentially realised irupperandlower registersThe low convex tone would have to be an instancedefpeessed falling
target (HL)1 as in Tongxiangthe initial FO rise is a giveawdywhereas th&elayed high risingone might be another
instance of a delayedMH targd. The theoretical implications of having paired tones across register with different targets
need to be explored.

9. LONGYOU CITATION TONES

Fig. 9.1shows the acoustics of tleéght citationtones of amale speaker from Huzhen , in the county ot.ongyou
, from the Chugquinguistic area, well inthe westof the Wu areaThe location of Huzhen is shown ¢ime map in fig. 1.
The speaker was 33 year old when recordgdProf. Ballardin 1988.The tones are arranged accordingrtmcation and
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regster. Table 9.3jives examples, together withe descriptions of Longyou tones in Fu et al. (1985: 111) and Cao (2002;
facing page 100

The Huzherpitch values agrewell with those forLongyoucountyin Cao (2002 facing page 100the only discrepancy

being that @o describes a highphing [434] pitch shape for the Huzherp e a k e r 6 s  rnThede istlightlyevbrset o n e
agreement with theavl ues i n Fu et al . (1985), who t Iovafalsdelayeddosv d i f
riseand low convex tone#\s mentioned above, one cannot be sure as to the cause of these discrepancies.

Truncation is realised in the sammaultidimensionalway as in Tongxiang and Changyinsha,dhonation offsetRhyme
duration,vowel qualityand number of contrast§he lower registerin the bottom rowones is realisetiothin phonatim
type andF0 and segmentally, in incidence and realisation of voiced obstruent pharngmeason modal phonation type
mostly whispery, théow falling tonehas more noiseHarsh voice (transcnbeﬁ can also be heard on more open vowels.
As far as FO is concerned, fig. 9shows the FO values of thewer registertones lying largely in the lower half of the
speaker's FO range, but still olagping with theFO of the upper registéones.The FO feature thahost clearly defines the
nortmodaltones is their low onset, itself probably a function feé honmodal phonation typdn contrast to thdower

Table 9.1 Phonetically transcribed examplestloé eight citation tones of a speaker from Long
[V9 = harsh voice, [l = (degrees of) keathy voice

Huzhen speaker (g)%%) F(Ll‘gegs"’;"
mid level to/E east kud| close | 434 | 44
high rise tee dot [A]o) grass 45 45
high fall pew back t A0 jump 52 54
low fall dés) field dza0| tea 21 212
delayed low rise in five 2 ascend | 213 13
low convex K ll déha ground | 231 31

short stopped high | QA out pRA north 5 5

short stopped low rise|  bE%A white ze5A real 23 12

Fig 9.1 The Wu tonatiortemplate exemplified with acoustics of eight citation tones from a speaker of Long
Vertical axis = fundamental frequency (Hz), horizontal axis = duration (csec.)

TRUNCATION
non-truncated | truncated
2757 ; . . .
a9 Mmid level high rise PaII h
2251 ~
200 /
upper 175 1% short
1501 stogped
125
100+
7S¢ 10 20 30 6 10 20 30 O 10 20 30 0 10 20 30
REGISTER
2757
s5g low fall delayed low short
low fise convex
225 Rahee
i J
lower 1751
150- /\ /
1251
1007
?5_0 10 20 30 0O 10 20 30 O 10 20 30 O 10 20 30
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registertones, tones in the uppemw®f fig. 9.1 have nodal phonation typejonlow onset FO, and lie largely in the upper
FO range Segmentally, as in Changyinsha and Tongxiang, the voiced phonemic obstruents are restricted to the low registe
tones and have voiceless lenes allophones-mitielly and voicel allophones wordhternally.

The Huzhen data indicate that it behaves in the same way with resgrgtdation and register as pinevious examples.
However, like Changyinsha, there is not complete pairing by contour. The truncatedaterclearly peed by depressign

with the short low rising tonbavinga depressed short high target. The same appligatis mutandiso the high fall and

low convex, which isa depressed high falling targetd to the high rise and delayed low rise, which is aedsed high

rising target. The low falling tone, however, is clearly not an instance of a depressed M target, and must have anothe
underlying target, presumably Note that the_ongyou high fall ~low convex pairing is a reflex & different historical

tonal category than in Tongxiang: *llla/lllb in Longyou; *lladllin Tongxiang This example of ifferent historical
categories realised by thensa toness a feature of Wu (Steed & Rose 2009

10.PINGYANG CITATION TONES

Fig. 10.1shows the acoustics dié eightcitation tones of ayoungfemale speaker from the county of Pingyang

which lies in thevery southeastof the Wu area, in it9Oujianglinguistic area The location ofPingyangis shown orthe

map in fig.1. Thespeaker wasecordedby mein 2016 The tones are arranged according to register, as Oujiang varieties
typically lack truncaion. Of note is the falsetto phonation type for the high rising tone, the FO of which starts at the top of
the speaker 8s mordbiell0.1gies exanmplesaintlidding descptons of Pingyang tones from Fu et al.
(1985: 110) ad Cao (2002: facing page 100)he speaker 6s pitch values gI®85ee f o
110), although they do not mention falsetto for the high rising tone, and show the delayed low dekaged low rising

tones differing in pitchheight only: [23]vs [12]. They also indicate a higher onset for the delayed low rise tone: [34].

C a 0 20982) descriptions show greater discrepancies in contour. He notes a high fall [54] instead of a high rise; and a lov
concave [243] pitchforthespa k er 6 s d e IAameeatidned abavehe reasom for these differences is unclear.

The lower register in the bottom row tones is realised both in phonation type grah&G&Gegmentally, in incidence and
realisation of voiced obstruent phonemEse lower registephonation type idreathy.As far as FO is concerned, fig. 10.1
shows the FO values of th@wer register tones lying largely in the lower half of the speaker's FO raemy about 230
Hz, butthere isstill overlappingbetween the tonesf the two registersThe FO of the mid dipping tone for example lies in
the lower register range, and a considerable portion of the high fallTdded-0 feature that most clearly defines the-non
modal tones isas usualtheir low onset, itself probapla function of the nomodal phonation type. In contrast to the
lower registertones,upper register tonelsave modabr falsettophonation typeand norlow onset FO. Segmentalthe
voiced phonemic obstruents are restricted to the low register tondmaadioiceless lenes allophones wonitially and
voiced allophones worthternally.

Clearly, the low level tone, which must have a L target, is not a low register depressed version of its high falling tone
counterpart, which must be HL. The same asplnutatis mutandigor the high level and mid falling pair, the former of
which must have a H target and the latter HL (although the lower register mid fall clearly shows depression). The
relationship between the high rise falsetto and the delayed $ewhowever, is very similar to that in Changyinsha in fig.

8.1. This suggests that the high rise falsetto has a MH target, which would belghiatithe MMH target for the nen

modal register delayed low rise. Only the mid and low dipping tones woeitd teshare the same MLM targets. Even this

pair, however, does not seem directly parallel to previous examples, in that the lower register tone appears to be uniform
shifted downwards, rather than just instantiate depression.
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Table 10.1Phonettally transcribed examples tife eight citation tones of Pingyang.
[..] = (degrees of) breathy voice. Italicisation = falsetto.

Pingyang speaker (2%?)()2) F(ligeésil
high level tQ/E east t0 knife 44 | 44
high rise falsetto tarE understand tH, island 54 45
high fall to/E cold to arrive 42 | 42
mid fall delE together RE o ball 31 | 31
delayed low rise dey/E move RE o uncle 243 | 34
low level deyE hole ¥ shared | 22 | 11
lower-mid dipping fu fortune wyO foot 34 23
low dipping de read Wy office 213 | 12

Figure 10.1.The Wu tonation template exemplified with acoustics of eight citation tones from a speaker of
Pingyang. Vertical axis = fundamental frequency (Hz), horizontal axis = duration (csec.)
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11. YONGKANG CITAT ION TONES

Fig. 11.1. shows the acoustics of the siitationtones of ayoung fenale speaker from the town of Shizhuzhen in

thecounty ofYongkang . Yongkang varieties belong to the Wuzhou linguistic anddch lies in themiddle of the Wu
area. Its location is shown in fig. The speaker wasecorded by Prof. Zhu in 1997, when she was 21 year§ bkltones
are aranged according to register, \Waizhouvarieties typically lack trunden. The fall in pitch in the high falling tone
sounds to be produced by an abrupt-Rid/melarynx lowering.Before this the pitch sounds levelhis gestureusually
changeghonationto creak or glottal stop, whence its abruptly dropping FO to values below thmaaal range of about
150 Hz.The rise in pitch of the fallise tones is only slight.

Table 11.1gives examples. It includes foother descriptions of Yongkang tones,nfrd-u et al. (1985: 110), Cao (2002:
facing page 100), Qian (1992: 68) and Yuan (1983: 88 main difference betwa the transcriptions in tablel.1
concerns the tones correspondi ng -risedones,iwhich $hree¢ thehsourchsehave s p e
as | acking a falling component. Si nce trisetonésad nuchnngre ¢ 0o m
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salient than the rise, this is a big differen&one of the other sources mentghonation type.

Table 11.1 Phoneically transcribed examples of the songkang citation tones.

. ian | Cao | Fuet | Yuan

Shizhuzhen speaker (1902) (2002)al (1985) (1983)
mid level pQ wave tad) knife | 544 | 44 | 44 | 44
mid falkrise pQ} eight tadt island | 434 | 35 | 334 | 35
high fall pO & cloth tat= arrive | 54 | 52 53 | 52
low level ehy uproot daf] flee | 322 | 22 22 22
low fallrise by white dﬁﬂ rice | 323 | 13 113 13

delayed low rise b€§r step mi ‘,Sﬁ temple| 214 | 24(1) 24 | 24(2)

Figure 11.1.The Wu tonation template exyplified with acoustics of eight citation tones from a speaker of
Shizhuzhen. Vertical axis = fundamental frequency (Hz), horizontal axis = duration (csec.)

upper

REGISTER

lower

550 high
775 ] fall
1751
1501 upper-mid mid
125{ level fall-rise
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»50 ] low level low low rise
575 | fall-rise
200
78] S— \/ \/
150
1251
100-
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The lower register in the bottom row tonés fig. 11.1is realisedboth in phonation type and Fand segmentally, in
incidence and realisation of voiced obstruent phonefftes.nonmodal phonation type imarkedlybreathy, especially in

the low fallrise tone.

Fig. 11.2illustrates the acoustics of the register contoasthe level tones in the worfis § & knife and [ﬂaﬁ(]

flee.

The difference in the FO is clear, acmiresponds tthat in fig. 11.11t can be seen that the breathiness in the low level tone
is manifestedmostly in a stong subglottal formant at abb400 Hz which runs through the whole Rhyme. All energy
above the first formant is noisyhese features can be also seen spectrally, in the corresponding ffts.
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Figure 11.2 Acoustic differences between upgerd lower register level tone on a minimal pair t h Lefta[@ /4 .4

knife, right =[dafi]

flee Top row = wideband spectrogramith superimposed FO (rdohe). Bottom row = fft

over the first 20 centiseconds of tReyme.X axes: top row = duration (csec.), bottom row = spectral frequency (H
Y axes: top row left = spectrographic frequency (Hz), top row right = fundamental frequency (Hz), bottom row =

spectralamplitude (dB).

As far as FO is concerned, fig. 11shows the FO values of thewer register tones lyingakgely in the lower half of the
speaker's FO rangbelow about 200z, but there isstill overlappingbetween the tones of the two registdrise FO of the

mid fall-rise tone for example lies mostilye lower register range, and a considerable portiothefhigh fall alsoThe FO

feature that most clearly defines the fmondal tones i®nce agairtheir low onset, itself probably a function of the non
modal phonation type. In contrast to tbever registetones, ones in the upper row of fig. 11hihve malal phonation type,

and nonrlow onsetF0. Segmentallythe voiced phonemic obstruents are restricted to the low register tones and have
voiceless lenes allophones wenitially and voiced allophones woiidternally. Pairingby-contour is clear in the levaid
fall-rise tones. However, the effect of phonatory register on pitch is clearly not one of depression. Rather, the whole of thi

pitch of the nommodal tones appears to be shifted lower, in a similar fashion tBitlyggyang dipping tones in fig. 10.1

This effect might be achievedith the enhancedFujisaki commaneresponse model by prolonging the depression

command (cfig. 5.5).

12. ZHENHAI CITATION TONES and YON GJIANG GROWL

There isawell-known Chinese saying from the Wu area declarifmgiter to ague with someone from Suzhou than speak

with someone from Ningbo

as soundingtonebone hard

.(Ningbo isa
linguistic area of NortHeastern ZhejiangSuzhouis a Wucity in Jiangsu, traditionally known for its refineme8ee map,
fig. 1). It is possible that the origins of thsayimg lie in voice quality, as Yongjizg varieties are often localktereotyped
. In his 198 survey of the Wu dialec8hao YuerRenalreadyobserved that the low

|l arge

onset of two hgbo tones contributed tn especially indistinct and heavy Ningbo resonance

The phonationin lower register toness indeed found exaggerated, presumahdy a socigohonetc marker, in some
v alffirst@encaouetered this unstakable phonation type when doing field work for my Ph.D. on Zhenhai

YAn@n g

city

i n

t he
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dialect(Rose 1982)l dubbed itgrowl, for reasons that are obvious if you heaWith my first informant | assumed
it was a speech defect. When my second informantgiswled | thought | had been doubly unluckwith the third
informantit dawned on me that ivas somehowpart of the accent, andstarted growling backA nice instantiation of
persondés voice

Ladef 01983 @50)dbonmo tOnfe

di ssored er

is another

p

| made sme initial speculationss to its production in Rose (1989), but a much better understanding had to await the
conception of the larynx as articulator in the work of Moisik and Eslimdj associatedsling et al. 20197 arguablyone
of the most important developments in Phonetics in recent .yEeom inferences based omore recent investigation of

Yongjiang speakers (Rose015, it appears thes@ Ni n gtereotypes relate to a harsh phonation type often accompanied

with epilaryngeatltrilling. Growl shows many features of a sodileguistic marker It may have indexethe speaker as
modern r espons e smahtoa |ltksdmportamtto bvoidthe i t

impression that growk obligatay on each syllable. What actually conditions its appearance is presumably a combination

someone from the Yongjig area. M r e

of factors associated with communicative intent like interlocutor and prominence.

To describe the salient features of growl, we first need exaraptég citation taes. Figure 12.8hows the citation tones
of an elderly male speaker from Zhenhai taavrangedaccording to truncation and regist&@he speaker was ca. 69 years
old whenl recordechim in 1977.Fig. 12.1showshe has six citation tones. Table 1Bitesexamples, together with Fu et
d eSsowlrisitranscribedt], atief Eslind (299¢haad Moisilo (2043yto imply
epilaryngeal, as opposed to specifically aryepiglottal vibratdote, however, that the trilling is halways present: the
phonatory quality may just be harsh. Moreover, growl is sensitive to vowel height: higher vowels usually occur with
whispery voiceFu et al @&ranscriptiong1985)do not mention phonation type add not note a low onset to the low

al .6s (1985:

109)

pitch

convex tone, but otherwighey are similatot he Zhenhai speakerés tonal
Table 12.1 Examples of the six Zhenhai town isolation tones.
Theosymbol after the vowel indicates gro{d either trilling or harsh voice)
Zhenhai town speaker F(Llj;ggl)
high fall t0 knife SO poem | (i time 53
mid dipping to island | SO history | ¢ chicken | 433
short stopped high | tgA virtue | SOA lose | Q@A agitated 5

low convex ae° flee z& time o4 ride 31

delayed low rise | @&° way | z& event | ®H he sheit| 13

short stopped low ris¢ - d&fA special | zeA real | oA straight 12

Fig 12.1 shows four netruncated tones: high fall, low concave, mid dipping delhyed low riseThere are two truncated
tones: short stopped high and short staplosv rise. The same pairingpy-depression of pitch contours can be seen as in
Tongxiang except that the high fall tow convex pairing is a reflex of different historical tonal categories: *la/lb in
Zhenhd& *llla/lllb in Tongxiang (different historicalcategories realised by thensa tones is a feature of Wu (Steed &
Rose 2009 Thus the Zhenhai high falling and the low convex tones instantiate a HL target with modal amddain
phonation; and the same appliesitatis mutandiso the middipping andddayed low risetones (target: MLM ), and the

truncated (target: H) tones.
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Fig 12.1 The Wu tonation template exemplified with acoustics of six citation tones from a speaker of Zher
town. Vertical axis = fundamental frequency (Hz), hontal axis = duration (csec.)

TRUNCATION
nonrtruncated | truncated
3307 high fall mid short stopped
300- dipping N\ high
upper | 2507 \/
200
150
120- : : : : : : : : : : : :
0 10 20 30 40 0 10 20 30 40 O 10 20 30 40
REGISTER
350 low convex delayed short stopped
low rise low rise
300
250
lower
150+
120-
10 20 30 40 10 20 30 40 10 20 30 40

Growl is realised over the initial paof the Rhyne in the normodal registerfFig 12.2shows, with mean acoustics of the
citation tones from another mafdenhaispeaker, it@pproximateextent. This speaker was 30 years old wHercorded

him in 1977; a quarter of a ckmy later he is still growlingAs in fig. 12.1 the noamodaltones can be seen to have a
common low onset, and overall lower FO thaa thodal. Growl obtains on low FO values and dies out when they rise out

of the lower 1/3 of his FO range. That it does not return with the falling FO values of the low convex tone shows that it is
associateavith Rhyme onset

7 high fall

mid
dipping

150 200 250 300 350
|

Figure 12.2 Mean citatio tonalacoustics for a male Zhenhspeaker showing extent of grow-axis = duration
(csec.), yaxis = FO (Hz). Normodal tones are plotted with thicker lines. Triangles indicate growled portions.

Fig. 12.3shows some timdomain characteristics tfilled growl in the three nomodal registr tones of the speakaer fig

12.1 It can be seen that, from the onset of phonation, the waveform typically shows modulation of the glottal pulse
amplitude contributing a periodicity in addition to the fundameinégjuency. For example, in the first 15 centiseconds

of the waveform of thelelayed low ris¢oken in the top left panel of fig2.3 a pattern can be seen of two relatively strong
glottal pulses followed by a weaker pulse. This is similar to the feawveseen in trills and means something is vibrating in
addition to the vocal folds. The stromgeak modulation frequency can differ. For example, in the middle ofieteyed

low rise token in the top right panaf fig. 12.3 (from about csec. 30 to csef0) it repeats every two glottal pulses,
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whereas at the onset of the low concave tokethénmiddle left panel of fig. 12.8 repeats every four pulses. The

modulation dies aulater in the (low convex, delayed low risjngontruncated tones, but appeao persist throughout
most of the (low rising) truncated tone.
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Figure 12.3 Aligned waveforms and wideband spectrograms, with superimposed FO, of examples of tones with
epilaryngeal trilling in a speaker of Zhenhai dialect. Top line = delayed low rising tone. k& = [ hug, right =
[IT-|F“] chaotic Middle line = low convex tone. Left =dﬂﬂ hall, right = [d&4 with. Bottom line = short

stopped low rising tone. Left @A special right = [(;)JQPA straight X-axis = duration (csec.),-#xes: left =
spectrographifrequency (Hz); right = FO (Hz).
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Figure 12.4 Examples of noimodal register phonation tyfiem otherYongjiangspeakerskFrom top to bottom row:

(1) young malePutuoshan speaker left = epilaryngeal trill in H}] bed right = harsh phonation ify]
ball. (2) young Zhenhaspeaker fronfig. 38: epilaryngeal trilin [da(i big, right = whispery voice in¢4  group

(3) old male Xiangshan  speakerharshvoicein [zaék()] room for storing firewood

(4) middle-aged Zhenhai female: left = harsh phonatiorﬂé‘ﬁ}] to carry, right = whispery voice indg thick.

(5) old Zhenhai female: left harsh phonation inTI[-a(j diarhoea right = epilaryngal trill in [déqji(i A &
three days hence.

(6) old Zhenhai female: left epilaryngeal trill in[vfP8kT T to get angry right = harsh voice if"H°"@ T how to
write?

Fig. 12.4showsexamples ohon-modalphonation(harsh, whispery voicena epilaryngeal trillfrom six other Yongjiang
speakersThe firstspeake, recordecby Prof Zhuin 2007, isa30y.anal e f r o mmamOdf whose fréims carry a
degree of harshness thmobst clinicians woulaertainlylabel vocal abusélhe other peakers were recordéy meat least
40 years agoand show that femaléso can grow!

Sowhat structuren growl is vibrating in addition tohte vocal folds2t is known that in extreme epilaryngeal constriction,
oscillation can occubetween the bords of the aryepiglottic folds and epiglottis as in the epiglottal trills demonstrated in
Hassan et al. (2011) and Moisik et al. (2Q1@)dthis is what is hypothesisddr growl in Esling at al. (201:974-75 et
pass).
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Figure 12.5 Laryngoscopic view of author's epilarydxring growl. left: epilaryngeal trillright: nil phonation.
Subject faces towards the bottame. =aryepidottic fold, ¢ =cuneiform tuberclgk = cornicluate cartilagev =
vocal fold f = ventricular fold,et =epiglottic tubercle

Figure 12.5shows a still of the laryngeabnfiguration, taken from a fibrescopic examination, ingngwled[D]. (I have
spoken conservative Zherihdialect nonnatively, for over 35 years). A labelled nil phonation configuration is also
provided for orientation. A1 engagement of the laryngegdhincter mechanisncan be seen, involving anteposterior
approximation of the epiglottis and aryepiglottic folds. The degree of epilaryngeal constriction, together with the
arytenoidal adduction for phation, allows but a glimpse of a small portion of the right cord withssibly slightly open
glottis.

Oscillation is clear in the laryngoscopic video from which the still was taken, but not between the borders of the
aryepiglottic folds and epiglottiss in the epiglottarills demonstrated in Hassan et al. (2011) and Moisik et al. (2Q18). |
possible that such trilling is inhibited byymelatively massive cuneiformfather, source modulation appears to come
predominantly from the arytenoidal dtage complex, g=ecially the cuneiform cartilagesvith some sympathetic
vibration around the inner mucosatbé aryepiglottic folds (Moisik 2015 his particular modulatiomwas noted by Trail

(1985: 80 for one of the mangontrastivephonation typesn the BushmatanguageXoo. This is presumably an example

of the betweerspeaker variation in execution of epiyngeal vibration noted in Moisik (2013)

So much for epilaryngeal trill, but is importantto realise that Yongjiang trillharsh voice andhispery voice are really
not three different things, but values on a continuum of epilaglragecture (Esling et al. 201961-164 et pas}.

12.2Growl in tone sandhi

Tone sandhi in Zhenhai is largely lefominant,where tone anghonatory registetend to be preserved onetHeft
morpheme of a word, but lost on the rigB&llard 1984, hang2007) Growl is thus found preservexd a regular part of
left-dominant lexical tone sandim Yongjiang varieties.

This can be nicely demonstrated withexcerpt from a short conversational observation about the nia&rdThe speaker
is explaining that the character face () also appears in the words for mealtimes: breakfast, lunch and dinner. He says

"This [the character ] is pronounceduizf’; (as for example in) breakfast, lunch, dinnerth terms already explained for
Tongxiang, the Zhenhai word fdce has a dippingarget with normodal register, in this case, growlf'113.

Thewordriced first occurrence, as part of a vesbjectphraseisasa nominal object governed by the vecbrl/ > to be

read as.Tone and phonation type also interact as part of dmeptex tone andhi for which Wu is famousTypical Wu

tonal sensitivity to morplgyntactic structure most varieties, for example, use sandhi to distinguish between phonological
word and syntactiphrase, in much the same way as English uses stresssHikablack birdandblackbird Under such

morphosyntactic circumstancess an independentond, it preserves itdelayed low risingoitch and growl{j OGO
(j dthis, c®% is read a3 Fig. 12.5shows spectrogram, waveform and FO for this utterance. The growled portion of

[ulﬂ is clear, the strongveak pulsing extending for about 10 centiseconds from the onset of phonation, to whebe the F
starts to rise.
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Figure 12.5 Aligned waveform and w[deband spectrogram with superimposed FO of the Zhenhai ulfcjen’hi%f’\
this isread &iced showing growl onyi.

Riceoccurs as the final morpheme in the three compound words that fltemkfastt "Q#|v0 44.44.44] , lunch

[eHt STy 24.44.44 , anddinner(i Sy 0n1.34 . In these words thece morphemehas undergone regular
lexical tone sandhi changes to high lejt] and high rising34] pitches, but more importantthe growl has been Igst
restoring modal phonatiocoustics forbreakfastanddinnerare shown in fig 12 ,6where it can be seen that there is no
growl in the fnal syllable. Note also, however, the presence of growl on the first syllaldmrmdr. [i ®u n1. 34

. The morpheme involvedi ° nightt has alow registerdipping target and therefore its growl is preserved word
initially.
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Figure 12.6Aligned waveform and wideband spectrogram with superimposed FO of the Zhenhabveakiast

[s @H U 34.44.44] (left) anddinner[i “u 1.34 , showing modal phonation on the morphemé’{
rice} resulting from lexical tone sandhi

Growl's currency at the time of writing ot clear.The Putuosharpgaker(no.l in fig. 12.4)volubly attes$ to the presence
of growlingY Angj i Ung s p and k édeson the int@&r@tohds,a Ningbo speaker with growl (I thank Dr. Shen
Ruiqing for the reference). However tleesis on phonation types Mingbo written in 200{Whitehead 2007yvas only
able to find speadrs with breathy or whispery nanodal phonation
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13. JINYUN CITATION TONES and CONTRASTING NON -MODAL PHONATION

An additional tonati onal complexity may be f ospolkéknmi n t
Jinydn county §ee map, fig. 1 Wuyunzhen lies in the Chuzhou slitguistic area of Wu. Like other Wu varieties
exemplified, the same phonatemgygister partitioning of tones is found; but unlike them the-mwmilal phonation differs
starkly depending on the tone. Twanesi with low risingand mid falling pitchi have breathy phonation; two tonis

with low dipping and low rising pitch are creaky.

Table 131 Phonetically transcribed examples of the eitihyuncitation tones.

Wuyunzhen speaker F(li;é;l' (2%%02)

mid level ay0 special nkn Ding 44 334
high fall oid| spread to short 41 53

high convex tedd opposite | k 6Q resist 54 554
low rise (-fall) z0 talent b flat 342 231
mid fall owHn near 1AQ old 31 31
creaky low dippng P prepare V6= rice 213 213
mid falHevel A @ one t A bald 5 423
creaky low rise Z6= mixed tadl read 34 35

Figure 13.1 Acousics of eight citation tones of a speaker fré¥myunzhenThe break in the middle of the
creaky tones indates the creaked portioviertical axis = fundamental frequency (Hz), horizontal axis = dura

(csec.)
300 ) ) )
275, mid level high fall mid
I\ fall-level
2501
UPPer | 251 M
2001 high
1751 convex
0 20 40 0 20 40 0 20 40 0 20 40
REGISTER
300 : . .
2?5_|OW rise (fall) mid fall low low rise
(breathy) (breathy) dipping (creaky)
250 (creaky)
lower 2251
2001 \_/\ N \ A
175- \ /
1501
0 20 40 0 20 40 0 20 40 0 20 40
The speaker 6s tomds graexemplifigd inrablé ¥Buthere transcriptions from two other sources (Fu et al

1985: 110, Cao (2002: facing page 100) are also shown. Fig. 13.1 shows their acoustics. The break in the FO of the crea
tones indicates the location of the creaked porfidre speaker is a 20 y.o. female recortbed Pr o f . Zimuds
1997. It @nbe seen that all but one of hgitch/FO shapes are contour, three of which (high concave, mitk¥all, low

dipping) are complexThe low rising tone has an optional final fall, which might also qualify it as complex. The other
descriptions largelygar ee wi t h t he speakerds pitch shapes (one not



50

l evel; neither shows a rising component in the tones

mentions phonation type.

Wuyunzhen lacks a separate truncation dimension. The tones one would expect to be truncated (i.e. the reflexes of th

Middle Chineseu category are mid falllevel and creaky low risingr( the rightmost column of fig. 13)1A glottalstop
coda can indeed besrd on some, but it is not obligatory; and it can also beisefign 13.1that neither ar¢hese two
tones shorter than the others to the extent shown in varieties with truncation

The lower registerin the bottom rowones is 6 course what is intesting. As with all other sites discussedisitrealised
both in phonation type and FO. Unlike other varieties descrhmglever there are twaery differentnonrmodal phonabn

types: breathy and crealigreaty voice occurs on the low rigefall) and mid fall tones; creaky voice occurs on the low
dipping and low rising tones. Fg13.2 and 13.3show illustrative acoustics(spectrograms and ffts for the first 10

centiseconds of the Rhyme).
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Figure13.2 Acoustics of the Wuyunzhe A} p eold Kleftraddst micud f «
(right). Top row =Waveforms and narrowbandesgirograms with superimposed BEhttom row = fft over first 10
centiseconds of Rhym& axes: top row = duration (csec.), bottom row = spectral frequency (Hz). Y axes: top row
= spectrographic frequency (Hz), top row right = fundamental frequency (Hz), bottom row = spectral ar(gfijude
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Figure13.3 Acoustics of the WuyunzhefAds pﬁea(leféand[aﬁ}ﬁ?ﬂ oGhenr i
(right). Top row =Waveforms and narrowbandesgrograms with superimposed Ebttom row = fft over fist 10

centiseconds of Rhym&. axes: top row = duration (csec.), bottom row = spectral frequency (Hz). Y axes: top row
= spectrographic frequency (Hz), top row right = fundamental frequency (Hz), bottom row = spectral amplitude |

A strong subglottal resonantelow the frequency of thiirst formantcan be seen running throughout the Rhyme in the
spectrograms of all the breathy tokeasd there is chely considerable noise evident also, especially in the low rise tone
token forChenin the right panel of fig. 13.3yhich shows a streh of extremely noisy periodicity between csec. 12 and
csec. 22 The fft spectra show high energy in the region of the fundamesitive to the harmonic closest to the first
formant centre frequency, and much interharmonic noise.

Fig 13.4shows illustative spectrograms for the creaky tones. The expected high jitter and shimmer typical of creaky voice
can be seen in the middle of both tones.



