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ABSTRACT An acoustic description and tonological analysis are .presented for some

ronotooicallv interesting rexiJion,iilnohi data in a Jubset of tbnal combinations involving the

L-nt"niq idne categoi in the Southern wu dialect of Wenzhou'

INTRODUCTION
Th;;;;;";.ribes and anatyses a part of the lexical tone.sandhi in the Southem Wu Ouiiang dialect

ot t4ftnznou (Wz). The Wu diatects'are well known for their complex tone sandhi, and Wz is no

exception'oneofthe'-y.ou'.""olthecomplexityistheottenopaquemorphotonemic
relationship between a diatect's isolation tones, and the tones when they occur on morphemes within

a word. ft b a goal to try to m;ke tonological sense of. these relationships. An account ol the

i1orpnoton"ri.."in about a third ot tn" w to-n" sandhi can be found in Rose (in press); Zhengzhang

ii6&l-"oni"in" an auditory o"""rption ol tone sandhi.in avariety of wenzhou dialect. wenzhou

dialect contrasts eight tones on monosyttaoic words or cjtation forms, but as a result of neutralisation

commoniy touno in-Wu there are mucn jess than (8'? = ) 64 combinations to be explained. This paper

to","""onsandhicombinationsspecificallyinvolvingtwoofthetonesonthefirstsyllable.

The upper ("a") and lower ("b") Wz citation tones
are distributed in typical Wu fashion with respect
to several segmental and suprasegmental
features of the syllable, in particular the manner
of articulation of syllable-initial obstruents. Like
other Wu dialects, Wz has three
morphophonemically separate sets of syllable-
iniiial stops (voiceless aspirated; voiceless
unaspirated; and voiced), and two sets of
syllable-initial fricatives (voiceless and voiced).
The first two sets of stops occur on syllables with
the upper ("a") tones and are realised by
voiceless aspirated and voiceless unaspirated
allophones. The third set of stops, which co-
occurs with the lower ("b") tones, has different
realisation depending on position in the word-
Word-internally the realisation is modally voiced.
Word-initially, the third series of stops is realised
in this corpus predominantly by voiceless,
coincident VOT articulations, but there is a smail
amount of free variation with modal, VOT le€d
tokens. The same applies mutatis mutaMis lo
the two sets of fricatives: voiceless in upper, "a"
tones, voiced word-internally, and voiceless in
free variation with volced word-initially in lower,
"b" tones. ln this paper, the morphophonemically
voiced series are transcribed with voiced
symbols both word-initially and word-internally.

TONE SANDHI
Table 2 shows the pitch of tones in disyllabic
words with input complex tones lva and lvb on
the first syllables, and all tones on the second.
The particular tonal combination, e.g. "lva + la",
is given at the left, and under it an actual
example. Thus it can be seen that a word like

Jly lovc moonlight with an input low dipping tone
lvb on the first syllable and an input mid level
tone la on the second has a short low pitch on
the first syllable and a mid level pitch on the
second thus: t1 331. By convention, thetones are
shown grouped by historical pairs (lallb etc).
lnterestingly, the synchronic register pairing
sometimes does not refled this. Thus on the
second syllable, la pairs phonetically with lllb.
both are [33]. lt can be seen that the
combinations in table 2 have, with one exception,
two main characteristics. The first syllable is very
short and located in various positions in the pitch
range, and the pitch of the tone on the second
syllable closely resembles that of the input
citation tone. The exception to this is where the
second syllable has mid-falling tone lb; in this
case the tone on the first syllable is of normal
length - not short - and the (low level-rising) pitch
of the tone on the second syllable does not

CITATION TONES
Fnon"iL o"r.ription, tonotogicat representation in yip's (19.80) framework, and names of the eight wz

A B ".-'pb Yinpins mld-leY9l !911. 1Y l-,. Iio 
".or"ti" 

(F0, duraiion, amplitude)
lb Yangping mid{alling t:9,1I -Y, L: characterisrics oi the tones can be found in

lb Yinshang high-rising Y^ iY iX iose (199a). Figure 1, from Rose (1994),
llb Yangshang lo'r,-rising 1111J -Y, i,T shows the Fb vatues ot the eight Wz citation
llla Yinqu high{alling l??i. iY llt rones ot a mde speaker plotted as a

il: Vil3" lffili[?'"' [63?!' *', L, y]"ji"J"?';::i'1'i.31!"'",1;,'ff1,""Til:
lvb Yangru low-dipping -[22121 

-u, _n:t fiqure .1, it can be seen that the eight Wz
Table 1 . Wenzhou cilation tones. A: ,on9,l1ll"'^l^i to-nes comprise upper ("a", [+ upper
Middte Chinese lonal category,.Y--:^:1?':-pl"l regisrerl) and tower'f'b,', l-upper register])
descriptor, D = Chao integer. pitch. transcnpllon' E = uair". ot the same four pitch shapes: level
tonological register, F = tonological melody'

. la olb Ylla v llb (tones h and lllb); rlslng

^ ,,,6 A rrrh I lva tr lvb (tones lh and llb); falling
I lllaN+-

a illb (tones llla and lb); and
dipping (tones lva and lvb).20ol t*k I I I -l 1 I I r-Jnsth';rsoappearstobe

lso an important auditory
dimension for some tones.
Thus the high-rising tone lb

14o | - r - 
is notable for its shortness,

tto l and the low-level tone lllb

and especiallY the diPPingtoo tones iva 
"no 

lvb sound
eol | { I I F I T k; I I I rons. rhe combinations

*l l, I' I ' I' I ' I ' I' l-' l''!':l' examinedinthispapercan
rb rb n 2s 30 35 4 /ts s0 now be nominated as those

\ .4.

_-t - n- \

o

;lfi :lt:,'." e is ht wenzhou citation 
"1JTrJ|; 

:'ll?i, ?fl"I"ffj
tones. and lVb on the first syllable'

and all eight tones on the second. These combinations are examined because they constitute a

,rir"i i'iitn one exception) ftot in" point of view of their coherent tone sandhi behaviour' Tones

lVa/b also belong to the historical category of Ru, or entering tone'

lva + la
tse33l2 + krvc 33
pl. nome rirter
lvb + la

Jly2212 + kwc33
moon light
lva + lb

kai 3312 + dzT 331
country Jlag
lvb + lb

ny 2212 + de 331

moon lerrace

lva + lla
p]?12 + ku gq

hundred filil
lvb + lla

ba 2212 + ku 34
white fait
lysj llb
tci 3312 + daallll4
to conlact neor
lvb + llb

wu22l2 + du{ ll4
to live to move

lVa + llla
pa33l2 + fus2
hundred goods
lvb + llla
mn2212 + tsh4 52
wood articles
lva + lllb
tqa33l2 + b(E?22

= tse k\ 'r Zhejiang
1 33 province

'lfrtt
= ny ku't moon-

_t 33 tight

nN.
> kaidz. national

3t rrl flsg
wffi;

= ny de plarform
2r ilt Ae

= pa ku all kinds
| 34 offuis

TR
= ba ku ginko

,l 34 hR

= tAidZaq nap-
! lt4 proach

1*{,
+ w! du4 activity

1 rr4 'ttei

= pa fu general
3f 52 goods

EH
+ mlolshz ,rooden

2 52 articles

^-?i+ tga be foor-
i4 --!l rr steps

tNy
:- VU Cey b Sene

t2 33 F.k#

+ hu tse rule
4 rrrf gqrl

= le ky rib
n 21ft M|fr

lvb + lllb
!1J 2212
to serve

lva + lva
hu 33 12

low

lvb + lva
le z2r2
rib
lVa + lVb
tshz 33 12
eal

lvb + lvb
de 2212
special

sleps

+ @y222
afair

+ tse 3312

rule

+ ky 3312
bone

+ lezztz + tsh4le tired
strength 4 3trI sL h

+ biz2tz + de bi specnl
orher 23 zrtI *4 et-t'1 &J

Table 2. Examples of Wenzhou tone sandhi in
disyllabic words with input complex tones lva

on the first
resemble the (mid-falling) lb citation tone pitch at ail.
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The acoustics corresponding to the
l40 combinations in table 2 are shown in figure

rro I a I ior-r-Jr-*--J_ 2' This figure shows F0 on the first and
-- I I YI,--T'A$ | second syllable rhymes, and on their

169 I ^ Ll,. I I I I intervocalic consonant if voiced, in Wz

shapes of these tones, and the two values each ol lllb lVa and lVb were then z-score normalised and
compared with the corresponding normalised citation tone shapes. Az-score normalisation requires
normalisation parameters (ol mean and standard deviation) to be calculated lrom comparable items
(Rose 1987). ln this case, then, the parameters were calculaled lrom all seven data points in the tones
which sounded to have the same pitch shape both in citation and after tones lva and lvb, viz: tones la
lla, llb, and llla. The values of the normalisation pararneters - mean and standard deviation respectively -
were 139.9, sd = 32.1 tor lhe citation tones, and 120.0, sd = 26.0 for the tones after tones lVa and
lvb, with n = 28 in both cases. These values show that tones after lva/lvb are realised in a narrower
range and around a lower mean F0 than tones in citation form.

disyllabic words spoken by the same male
native speaker as in figure 1. Each curve is
the mean ot three different words. ln each of
these ligures, two F0 curves are shown
corresponding to each second syllable

160 | = | I I I tone: one lor the mean value after tone lva

'.1 I *H ll)* :il'#i"':'",'""Hsi"ll;"::*T:;,";';
ao I I I I I voyel,. in.order to best show the degree ol
"" similarity between them- Expected inlrinsic
60 duration differences in the first syllable F0

shapes associated with the intervocalic
consonant can be seen in the figure. Thus

160 | : | - | ^t I F0 shapes before "b" tones are slightly

r+o I .. Y I I A*f I longer; and F0 shapes before "a' tones
I I I tr .l I show asharper negative offset perturbation

no I I A # I I (these leatures are also noted for the Wu

14

Fortones la lla, llb, and llla, the normalisation
showed agreement in considerable detail
behveen the citation F0 shapes and the
shapes after tones lva and lvb. For tones
lllb, lVa and lvb, however, the agreement
between citation form and allotones atler
tones lva/b was not quite so close. These
are shown in figure 3, together with the
normalised curves for tone b lor
comparison. Figure 3a shows that the
normalised lllb F0 shape after lVb is lower
than the citation lllb shape, and that the lllb
shape after lVa is higher, and that the
higher lllb allotone is in fact very close to the
curves for tone la The auditory description
of lllb after lva as [33] is of course
consistent with this, but the [22] description
of lhe lower allotone pitch is not consistent,
since the citation tone pitch is also [22]. A
glance at figure 2b shows that the shifting
relative to citation lllb might well be due to
the welFknown progressive assimilation
etlect lrom lhe previous syllable, since lva
is clearly high before llla and lvb low. lt can
be noted here that the F0 shape and
duration of lllb afier lVa are effectively the
same as for lone la after tones lva & b. This
does not result in any confusion however,
because morphemes with tone lllb on the
second syllable are still distinguishable from
morphemes with b by the voicing value of
an initial obstruent (before lllb they are
voiced), and by the pitch oJ the first syllable

(before lllb, tone lva on the firsl
syllable has a higher pitch [4 33] vs. [1
331 lor lVa + la)).

The same kind ol assimilatory

1n

tm

conditioning occurs with tones lva and
lvb on the second syllable, but with
slightly ditferent consequences.
Figure 3b presents the normalised F0
shapes ol citation tones lva/b
together with the normalised shapes

oi the same tones after lva and lvb on the iirst syllable. Firstly some small contour diiferences are
visible. h is clear from figure 3 that the second syllable lVa/b shapes have higher onsets than in

citalron lorm- As a possible consequence, they also lall to a later trough, at 80% ot equalised
duration compared to 60% in citation torm, and the slight rise at lhe end is not as great as in citation

180

160

1q

1n

100

80

60

160

dialect of Zhenhai in Rose (1990)). The
too l* ffi shortdurationofthefirst syllable tones - ca.

eol ..T I I I 10csec.-canalsobeseen.

60 Tones on the second syllables will be
-zo o zo 40 discussed first, since they have simpler

166r r r r r phoneticsandmorphophonemics.Thenfirst
I I i I I svllable tones are discussed. As noted

140 I I I ns I airove, combinations with input lb on the

80

second syllable input tones are an exception,
120 | | I al "l lrom the realisation of both first and second

syllable tones, and these are addressed last
100 1 F-r, * .'l { eign.

"" Second syllable tones The auditory

ool I L I L impressionfromtable2suggeststhat,apart
-20 0 20 4b fto,P.,ton9 l?' the,.l9!T, ,g Jhe .s990ld

svllable after tones lva and lvb are similar to
Figure 2. Mean F0 shapes lor disyllabic Wz words tieir citation values. Four ot them - tones la,
with tones lva and lvb on the tirst syllable and tones lla, llb and llla - have a single allotone with the
la(A), lllb(B), lla (C), llb (D), llh (E), IVa (F) and lW (G) same pitch as in citation form. Three tones -

on lhe second. lllb, lva and lvb - appearto have two allotones
conditioned by the first syllable, one of which has the same pitch as in citation. Thus tone lllb is [33]
after lva, which is higher than citation, but [22], the same as citation, after lvb. A glance at figure 2b, f
and g shows that these allotonic ditferences are probably due to persevatory assimilation from the first
syllable.

The F0 of the seven tones which relate directly to the citation forms were compared with the citation
form acoustics by normalisation. Specifically it was examined to what extent the F0 shapes of tones 14

lla, llb and llla could be considered instances of the same target, and what the nature of the assimilatory
process was tor tones lllb, lva and lvb. Normalisalion involved, firstly, pooling values tor both tokens ol
each of the tones 14 lla, llb and llla to give a mean F0 shape lor the respective tonal target in the
environmenl after tone lva/lvb. These are the tones for which it was shown there is negligible
difterence between the F0 shapes and durations after tones IVa and lvb on the iirst syllable. The

160
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n
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form. Secondly, it can be seen that the F0 ot lvb has been raised after lva on the first syllable so that
it is the same as the F0 of lva after lva, whilst the opposite has happened to the FO oi lVa after lVb: it
has been lowered so that it is in iact slightly lower than the F0 of lVb after lVb. The magnitude of this
effect is big enough to swamp the difference between the lva and lVb tones. The effect of this is to
neutralise tones lva and lVb on the second syllable, although the identity of the morphemes is still
clear fronn their initial consonant.

The tonological interpretation for all the second syllable cases just discussed is one of a 'citation
target', This is one of the categories ol relation between citation tones and tones in sandhi, and
refers to cases where a tone in sandhi 'can be identified as one ol the citation tones, once allowance
is made for intrinsic influence of various conditioning lactors...' (Rose and Toda 1994: 271\. The
analytical implication is therefore that no tonological change in the derivation is required for any of the
tonesla, lla, llb, lllalllb, lvaandlVb.(fhereis,forexamplenoparadigmatic changetoanothertone,as
commonly happens in Chinesetone sandhi.) It is interesting to note that this is somewhat parallel to
the situation in the Northern Wu dialect of Zhenhai, where after tone lVb on the iirst syllable, citation
targets occur. The main phonetic conditioning tactor here, apart from the narrowing and lowering of
range menlioned above, is the perseverative assimilation jrom the preceding syllable. ft is interesting
to note, however, that the assimilation is not totally systematic. Figure 2 shows no assimilatory
conditioning of second syllable tones la lla and llb, presumably because there is no diflerence
between the first syllable tones to condition it. However, tone llla also shows no conditioning, despite
a large difference in the potential conditioning lactor on the first syllable. Tones lva lVb and lllb show
less coarticulation resistance than llla, therefore.

-1

Fhst syllable tones
The auditory
descriptions show
that input tones lVa
and lvb differ
markedly in pitch and
length from
prepausal position,
showing the widest
extremes of allotonic
realisation of the
Wenzhou tones. ln
contrast to their
prepausal
bidirectional, over-
long allotones they
have in initial position
very short
unidirectional
allotones located in
various positions in
the pitch range.
(There is also the
exception beiore lb,
which is not short.) ln
three cases the tonal
contrast between lva
and lvb appears
neutralised. Thus
before tones 14 lh or

llb there is no audible difference in pitch or duration between tones lva and lVb, which both have
short low level pitches. Beiore the other tones, there is an audible difference in pitch between lVa
and lvb morphemes. Before llla, the ditference is one of pitch height, tone lvb being (short and) low,
and tone lVa (short and) mid. Before tones lllb, lVa and lvb the lva/lvb ditference includes pilch
contour too. Before these tones, tone lvb has a low slightly rising pitch shape which is slightly lower
before lllb than before lva/b, and tone lva has a (short) high or mid level pitch.

\\\.2 ,tvb / tv

lVa \ >>
.tva I tv
-tvb / tv

cit
\ \

tvb A
-\? 

z'iE t

The tonological interpretation of these first syllable forms is complicated. lt is probably best to
understand the rather large difference in length between tones lVa and lvb on the first syllable and
their overlong prepausal forms in terms of a shortening of the prepausal iorm of tones lVa and lVb
betore ali second syllables except when they cary tone lb. ln this way the idiosyncratic fall and tinal
rise on the prepausal allotones are conventionally accounted for as being underlying. ln the
tonological lramework adopted for this paper, this must be expressed as the loss, in iirit syllable
position, of the last two tonal autosegments ot tones lva,/b (which have an underlyingly HLH melody,
see table 1). lnterestingly, this appears in lact to be the opposite of the historical development. The
proto-Wu cognates of Wz tones lva/b were short and occurred on syllables with a final stop, and
these features have been retained in most of the Modern wu dialects. For example, proto-wu 'fat lLE
putfotthhas become Zhenhai ta? 5, but VVz hu:: 3312. Thus it is the short first-syllable forms in Wz
that most resemble Proto-Wu, and the proto-Wu short tones 'lVa/b have grown ralher long tails in Wz,
which is perhaps related to the loss of the syllable{inal stop.

ln order to account for the neutralisation ot lva/b to lll belore la lh and llb, it is best to first posit,
before tones la, la and lb, a categorical shift of lva to lvb, and then change the H in lvb, which is [H, -
Ulto L, which then becomes [L, -U], or Fl. A separate derivation by rule of lVa would otherwise be
too complex. Note that it is very difficult to motivate these changes, the conditioning ol which is totally
opaque. The remaining short tirst-syllable forms, betore tones llla/b and lVarb, can be understood as
retaining the contrast between lVa and lVb, which themselves show conditioning by the twin factors
of anticipatory assimilation ol the second syllable tone, and the voicing speciiication on the
intervocalic consonant. Both of these factors have been shown to be operative in lhe phonetic
realisation oi the sandhi of other Wu dialects (Rose 1990).

combinations with lb on second syllable Finally, the combination of lva/b and lb has to be
considered. ln this combination, the acoustics oI which are shown in figure 2h, the lkst syllable is not
short, and has a mid (lVa) or low (lvb) ialling pitch, and the second syllable, with tone lb, has a low level
and slightly rising pitch very ditterent from its mid falling input tone. There are tlvo plausible analyses
of this. The first involves aconventional tone spreading of the first syllable pitch contour over both
syllables (with prior loss of the tone on the second syllable). The second involves a loss of the final H
on the underlyingly HLH iirst syllable tone, and an extrinsic allotonic realisation of lb as [112] atter
lva/b. Although the first accounts rather well for the low pitch of the second syllable with its small final
rise, and the equalised F0 contours agree well, tone lb actually has a low level-rising prepausal
allotone after tones lalb, where first-syllable contour spreading is not plausible, and so the second
solution is preferable.
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Figure 3. Above: normalised F0 shapes lor Wz tones h and lllb in citation
form (solid symbols), and after tones lVa and lVb (empty symbols). Below:
normalised F0 shapes lor Wz citation tones lVa/b (solid symbols) and after
tones lva./b (empty symbols).
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