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Languages

The title of this book, The Sounds of the World's Langunges, implies two very
significant claims. One is that if makes sense 0 tatk about entities that can be
labeled ‘sounds’. The other is that we know enough about the languages of the
warld fo be able to write a book that covers them ali. We would like to explain
our thinking in selecting this title.

Most of the phonetic literature of the last two centuries assumes that a mean-
ingful apalysis can be made by dividing speech irto small chunks that ¢an be
czlted speech sounds. These may be described in formalized terms as pho-
nemes, root nodes, or some other theoretical entity, or discussed in more gen-
eral terms as ‘segments’. The tredition of segmental description has proven its
atility in reany ways. Nonetheless, linguists’ views on what segments are have
varied greatly. Al ore extrame are those who regard them as descriptive fic.
tiors, invented solely by the linguistc anaiyst At an opposite extreme are
those who hypothesize that the organization of speech production, and the
structure of words in memory are based directly on segments. We do not fzel
it riecessary in this book to take a stand on either side of this issue, but choose
o employ segmental descriptions of languages as the most suitable way of
communicating the resulis of phonetic analyses to a wide range of veaders.

The second part of the title, the world's lan guages, alse deserves some com-
ment. We believe that enough 15 now known to attempt a description of the
sounds in all the langnages of the world. Professional lingnisis have some
knowledge of the great majority of the languages now saokep This is a siate of
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affairs which has never exisied at any #ime prior to the iatter part of this cen-
tary. The ‘global village' effect means that few societies remain outside the
scope of scholarty scrutiny. In all probability there will be 2 sharp decrease in
the rate at which previously wnknows sounds are drawn to the attention of
phoneticians. We aze, of course, aware that thers are phonetic phenomena in
every language that have yet to be described. Speech varies in response to
many different circumnstances, and we de not have a complete knowledge of
the phonetic structure of any language. In addition, langnages are always
evoiving. Thus there can never be a fnal description of the seunds of any one
language. The next generation of speakers will always speak 2 little differently
from their predecessors, and may even create scunds that have never been
used in a human language before. We think it probable, however, that any
new sounds will be similar to those that now have a linguistc function and will
be formed by re-arrangements of properties of sounds that have been previ-
ously ohserved in lingnistic usage. In other words, we feel that 2 basis exists
for discriminating between lnguistic and non-linguistic sounds.

Using this basis and owr intuitions we have sometimes posited the existerice
of sounds fhat have not yet been reported in the linguistic literature. These aze
scunds which we feel reflect accidental gaps in the currently available data, or
are absent only by chance from any currently spoken language. Other possi-
hilities are not mentionad at all since we believe they will never have arole in
iinguishc structure. There are, of course, many sounds that can be made with
the vocal organs that are not known to be used in any language. People can
whistie, click their teeth, wag their tongues from side to side, and perform a
vartety of other maneuvers to produce sounds that have never been reported
to have a linguistic fenction. But linguistic phonetics does not have 1o account
for all the sounds that humans are capable of making, or even all of those
which can be made just in the vocal act.

The primary data we will try to describe are ail the segiments that are known
teo distinguish lexical items within a language. We have in this way deter-
mined the level of description at which we will operate. We are concerned
with the lexical segments that account for minimal pairs. (We must admit that
in a number of cases we have insufficient knowledge of the phonology of the
language being described to be absolutely sure of the nature of all apparent
contrasts; but in general, information at the level of mindinal pairs is relatively
accassible to both the native speaker and the linguist) The segments we have
chosen o describe may not be the same as the underlying phonmogxcai seg-
ments. Thus standard varieties of English have minimal sets such as rum, run,
rurg, and hence a contrastive inventory that includes three nasal segments, m,
f, 5. The third of these, the velar nasal ), has a different distribulionai pattern
from the other two. It never appears initially in a morpheme and it alternates
with yg before the comparative adjeciival suffix -zr in words ke long, longer.
Vords like dim. dimmer; thin, thinser do not show a parallel alternation be-
tween nasal and nasal plus stop. For several reasons of this sort the segment g
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can be said to be absent fiom the underlying inventory of English, although it
serves to establish minimal contrasts. The different status of i is not of concern
to phonetics. We want to acceunt for all the contrasts that occur between dis-
sinct segments, and in English that includes 4.

There are, of course, other sifizations which are harder to resolve in this way.
In particular it is ofter difficult to decide how to divide a particular phonetic
string into segments. There are well-known cases such as the affricates #f and
ds in English, which some linguists regard as one segrnent and others as a se-
quence of two segments. From our peint of view it does not really matter
which of these solutions is chosen. The phonetic facts to be described remain
the same in either case. English also provides a useful illustration of another
form of this problem in words such as mew and besuty. Obviously these words
differ from rwo and booty, but the difference could be interpreted as a contrast
petween the presence and absence of the semivowel §, or as a contrast between
the different vowel nuclei {u and u {(wheve i represents a diphthong with a
rising amplitude contour). However, again the phonetic facts would not differ
according to which view is taken. Our approach in similar situations is fo
adopt the phonetic description which yields the simplest segment bypes. Thus,
in this case, we would prefer the interpretation with the simpler segment j 1o
the complex one 1.

Although our primary data are the contrasts within languages, we also take
note of differences between languages. We hope that the phonetie events ob-
served will be sufficient to form the basis for an overall phonetic theory. This
needs to be rich enough to describe those segmerntal events which distinguish
one langnage or accent from another and which are also sufficiently distinct 1o
serve as potential conveyers of lexical contrasts for speakers of other lan-
guages. We will, however, mainly restrict the discussion o those segments
that distinguisk words in some language.

As we wiil be discussing only segments, prosedic features such as tone,
stress and accent fali outside the scope of the book, even though they distin-
guish words. 5o also do most of the variations in segmentis that resalt from
differences in their prosodic context. Furthermore, variations due to sylistic
choices and changes in speech tempo are disregarded. We are implicitly re-
stricling our atfention to a careful spesch stvie, and many of our exampies are
drawn from citation forms, or words spoken in carrier phrases. For the task
we have in mind this choice is appropriate as these forms are likely to be the
most differentiated at the segmental level. )

Our idea of what a phonetic description of these events should be like in-
volves the establishment of parameters along which variation can be measured
and a set of categorial vaiues along these parameters. The categorial labels
provide a vocabulary that can be usad to classify distinctions within a lan-
guage and to describe cases where aounds in different fanguages are suffi-
ciently similar to be equated with one another. The parameters and categories

§ [ . .
. that we use are mostly quite familiar ones from the phonetic literature, but we
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have i each case tried to rethink, through our exarnination of conirests in lan-
guages, the basis on which any given one is justified. Wae also discuss the rela-
tionship tha: exists befween the phonetic categories we esfablish and the
classificatory features emploved in phonological theory, In drese discussions
we take as our asual point of reference the featuires that have been used in
recent models of feature geomeiry (see the review by McCarthy 1988), al-
though we aiso pay some attention to some older proposals and certain newer
suggestions. We do not attempt fo present our cwn competing phonclogical
feature system, as we are Nt examining phonoicgical processes and con-
strainis, but only contrasts (and even these from a largely phoretic point of
view). We do, however, point to some areas where we believe that some
elabpration or darification of the usual featuze schemre might be advisabie. In
the Coda at the end of the book we summarize the rmalior fndings on segmental
contrasts which 2 phonological theory must address.

We aiso maintain that a distinctien can be drawn between those phonetic
parameters that are likely o serve as a basis for e organization of knguistic
behavior, and others that can be used to provide a physical characterization of
sounds, but which do not relate well to the sound patterns of languages. We
could, for example, consider place of articulation to be defined in terms of a
single continucus parameler such as the distance of the stricture om the glot-
tis. However, this description would overlook, ameng other things, the func-
tonat and anatomical separation that exdsts between the lips and the tongue.
A wore insightful description is therefore one that partitions place of articula-
tion inte a number of major zones, within each of which certain categories can
be distinguished.

Asis detailed in our discussior of place of articalation in chapter 2, this does
not mean that boundaries between each category can be easily determined.
For example, the tongue has no dearly defined regions, and neither does the
roof of the mouth; and there are, of course, similar problems in dividing the
confinua which underlie other phonefic parameters. Nonetheless, 12 is very
striking that languages often seem to cut the continua in similar ways so that i
is possible to equate a scund Iin one language with a similar sound in another.
Our procedure in trying to bulid up 2 description of the sounds of the world's
languages is to procead primarily by a series of such equivalences.

Thus, we might encounter two languages A and B, each of which has a set of
tnree sounds that differ only by differences along a single parameter. In each
language it will be possible to rank the three sounds according to thelr values
on the parameter in guestion, A, A2, A3 and Bi, B2, B3. Now, if Al is judged
to be equivalent to B2, and AZ equivalent to B3, there must be (a2 keast) four
values of the parameter in question which suffice to distinguish contrastive
sourds. The equivalences can be displayed as follows:
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H Bl
2 Al = B2
3 AZ = B3
4 A3

The likely tolal of contrastive categories along a given parameter is estab-
lished by considering a set of such eguivalences. Of course, indging which two
sounds in different languages are equivalent rests on both the evaluation of
gaiz and expetience. _

A particaiar speech sound 15 not characterized by a value on only ome pa-
rametar, but by the set of specified vahies on 2ll the relevant parameters. We
prganize our discussion primarily on the basis of integral sounds, not accord-
ing to single parameters or groups of reiated parameters. For example, there
are chapters devoted to stops, nasals, fricatives, and vowets, rather than chap-
ters which discuss topics such as degrees of strichare, Iypes of phonation, and
lip position. Therels one significant exception to this general practice: In chap-
ter 2 we survey the places of articulation reeded to characterize the sounds of
the world's languages, focussing on place contrasts found in stops and nasals.
This chapter provides a framework for description of place contrasts among
other classes of segments.

The next chapter, chapter 3, describes the remaining aspects of the various
types of stops that occar (apart from dlicks, to which a separate chapler is de-
voied]. This chapler contains the principal discussion of distinctions in laryn-
geal actlvity between segments. The four succeeding chapters discuss other
major types of cansonants - nasals, fricatives, laterais and rhotics —in terms of
the distinctions in place and iaryngeal activity previously established, as weil
as any additional parameters that relate to the specific class of consonants cov-
ered by the chapter. Chapter 8 is devoted to clicks. Although sounds of this
type occur In relatively few of the world’s languages, there is great varieiy
among clicks due to the fact that a large number of ways of modifying them are
empioyed in the languages that use them. The survey then continues with a
chapter on the vowsls and semivowels observed in the wozld's langnages. A
Einal‘ chapter, on myuitipie articulations, discusses single segments prodaced by
combining several articulations each of which on its own could have formed a
segment. This chapter includes discussion of what are traditionally called
secondary articulations. :

In these chapters we treat as separate categories only those differences be-
tween sounds that occur within the same language and those differences
betvresn sounds in different languages ihat we believe are great enough to be
potertially distinctive. However, a descriptive system of phonetic parameters
should also be able to characterize many differences at the phonetic leve; that
are unreiated to phonological contrast. Differences in regional or social
accenis can be maintained by, for example, subfle shifts in vowel quality that
are noticeable over a long stretch of speech, but which are not sufficient for
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distinguishing the meanings of words or phrases. That is. a pnonetic theory
should be able to make a distinction between those properties of sounds that
can or couid convey linguistic information {the difference between one form
and ancther within a possible language} and those that convey only sociolin-
guistic information {the difference between one language or dialect and an-
other). We believe that it is possible fo set up a system of phonetic parametes
each of which contains categories that taken as a whole, will distinguish all the
potential contrasts within human langueges. The systerm also atlows for differ-
ences between one language and ancther to be described by different values
along the parameters.

In addition to the categories and parameters of our descriptions we some-
times refer to targets or gestures in our accounts of segments. We would like
to make rlear that we are using these terms without implying any specific theo-
retical framework. A target can pe thought of as either a specific localion to-
wards which an arficulator is moving oF as a more general notion including
several properties such as the rate of the movement or ifs acoustic results. In
gither case, a target is an abstract goal at which one aims but which one does
rot mecessarily hit. A gesture in our usage is a movement of a single
articulator, which may by itself form the basis of a segment, or may require
coordination with other articulatery movements for the formation of the
sound. This is not the same concept as used in Articulatory Phonology
(Browman and Goidstein 1992) but is based on similar insights. We adopt this
usage to provide a framework within which to discuss dynamic aspects of
speech. Speech is not a siatic process, but an active one, and 1t is clear that
many properties cannot be understood unless we axamine their dynarmic as-
pects.

Although the discussion in this introductory chapter and the general layout
of this book are in terms of articulatory properties of sounds, throughou$ the
book we have alse taken note of acoustic properiies. It is pexfectly possible to
deseribe all the systematic phonetic contrasts that ccocur among languages in
terms of the sound-producing mechanism. But this is often not the appropria‘e
way of characterizing contrasts; some phonclogical staternents depend more
on the acoustic properties of sounds. In any feature theory that is eventually
develaped, some features wifl classify sounds in terms of their acoustic prop-
erties, which are presumed to be in a simpie relation with the auditcry param-
eters that the perceptual mechanism uses. There is also growing evidence that
the mental targets of some sounds (notably vowels) are best described in terms
of ap auditory theory of speech production {Johnson, Ladefoged and Lindau
1993).

There are many other points that should be taken inte account in a theory of
linguistic phopetics. We should note that some places of articulation (or some
areas within He contintum) are used more often than others. Similarty certain
manners of articulation {such as stops) ave comrzon, but others (such as trilis)
accur less often; and within the vowel contipuum, some vowels are found in a
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far wider range of languages than others. We do not at the moment have a
complete theory that will account for these facts. There is no deubt that some
articulations are easier to make than others. Thusal though it is perfectly possi-
ble for anybedy to make a closure between the blade of the tongue and the
upper lip, this gesture is not used in many languages, perhaps because it is
harder to integrate into the stream of speech thar, say, a bilabial stop. There is
also no doubt that some auditory distinctions are easier to maintain than oth-
ers; the set of vowels i e, a, o, u are more digtinet than the set Y. @, 8, ¥, iL
Furthermore, as Stevens (1989) has pointed out, some articulatory ges mres’can
vary over a fairly wide range without producing much acoustic éhange, result-
irng in what he calls quantal articulations. But white pursuing these tapics is
unddoubtedly of great importance for an adeguate fheory of phonetics, our aim
in: this book is more limited, and we wili comment on them only in passing.

We have atternpted 1o provide a great deal of documentation of the con-

rrasts we discuss. As a result, we believe that a part of the valae of the book
fies in {45 exemplification of a wide varfety of types of phonetic data coilected
by a range of techniques. The data incdludes still and cine x-ray photograply,
patatography, spectrograms, waveforms, aerodynamic data, and articulatory
movement data obtained by a number of different methods. We have not at-
tempted to explain how o use these methods, as this book is not a hendbaok of
phonetics, but we hope that we have provided sufficient pointers so that read-
£ers *:«rill understand the significant aspects of the documentation provided.
Readers are presumed to be familiar with basic phonetic concepts as ex-
poonded in standard textbooks. We are, however, aware that we refer o so
many languages that readers are unlikely to be familiar with all of them. With
this in mind, we provide an appendix identifying the location and classifica-
tion of all languages mentioned. In the text itself languages will usually be
cited withonut further identification.

As with any jointly authored work, this book represents the results of some
compromises between the authors. Had only one of us been writing the ook,
some data would have been interpreted differently, and certain arguments
wouid undoubtedly have been stated more forcefully than they appear here
while others wouid Lkave been omitted aitogether. But we both believe that the;
combination of our efforts has produced a more complete survey than either of
us couid have produced alone. When we started this project we krew that we
were being ambitious. But we did not realize the extraordinary amount of
physiological and acoustic data that 15 available on the little known languages
?Jf the worid. Our library research has led us to hundreds of books and, pa}:;;rs
that contain wonderful instrumental data that has never been summarized or
at‘herwise made available to the general phoneticlan who s not concerned
*:vzth t}}e particular languages being described in the original work, We aiso
found that our own files and the UCLA phonetic archives accurmulated over
many years contained a great deal of previsusly unpublished material. We
were often pleased to find that illustrative z:ecardings and analyses of
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particuiar sounds cited could be obtained from our own resqurces. The great
wealth of material availabie 0 us led fo some problems in trying to decide
which of many pieces of data we should include. We wanted fo write a book
that would advance linguistic and phonetic theory. Accordingly we have Hm-
ited curselves to discussing just the data required for this purpose. We have
not inclnded a number of things that are well known and readily available,
such as acoustic dafa ifustragng the contrasting stop consonanis in English, or
extended discussions of voice onsel time.

As our research went on, we also uncovered sotrze notable gaps in the avail-
able published data and our own resources. This led o an interesting problem
it research management. To what extent should we try to £ these gaps by
extending our own investigations? Qusr solution to this problem was to sef a
date for the completion of this book, and do what we could within this time
limit, As a result we are woefully aware that much more could have been
done. We have been able to provide a large number of new anaiyses of our
owsn previcusly unpublished data, and to summarize much of the literature.
But we can stll foresee a lifetime of work ahead of us.

This iz the present state of our knowledge about ihe linguistic phonetic
events that occur in the languages of the world.

laces of
Articulation

o o

in this chapter we wil describe the range of different locations within the oral
cavity at which the major articulatory evenis invelved in consanant produc-
tHen may occur. This is, in traditional terms, the place of articulation. We will
be concerned mainly with stops and nasals, in that we will usually be consider
ing complete closures of the vocal tract. This is in part because i is more
straightiorward to characterize the location of 2 closure than to describe the
location of & stricture of lesser degree. However, some additional locations ave
used for fricatives, and where necessary we will supplement our account by
describing these scunds. We will also note in Chapter 5, in which we discuss
fricatives in more detatl, that there are some interrelationships between place
of articulation and manner of constriction. In the present chapter we will de-
scribe the primary components of each movement, neglecting any secondary
articuiations. We wiil also negiect aspects of the vocal fract that are associated
with the phonatory activity of the glottis or with the velic opening. All these
additional components of sounds will be discussed in subsequent chapters.

Tiie place of an articulation Is one necessary pararmeter in describing the pat-
ters of controlled movements required to generate a sound. The specification
of articulatory movements requires three different kinds of statement. We
must say what moves, in which direction it moves, and how fast is it moving,
This means that we must first characterize the parts of the vocal apparatus that
can move; we must then state the possible directions of movement (where the
a‘l'ticyiafors are moving from, and where they are going o), and thirdly we
Pl specify the timing of the movements in these directions.

We should also note that not every aspect of a movement is of equal signifi-
cance. Although the change of position of each point in the vocal tract in the
course of some particuiar arficulation could, in principle, be given by an
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equation describing its motion, this would not be very insightful. What 1s of
prime importance in the phonetic patterning of langiages is the sufcome of a set
of movements. For example, closing the lips always invelves some movement
of the lower lip. However, the extent to which the lower Hp is moved inde-
pendently or is moved by raising the jaw may vary, and the amount that the
uppesx lip is lowered to meet the lower lip may vary as well. Although under-
standing how the trade-off between these different possibilities is managed is
very important for building a model of how speech activity is actually control-
led, such detail is not of any linguistic significance. What matters is the fact
that the lips close - the important variable might be labeled lip aperture.

A set of possible linguistically relevant variables of this kind has been pro-
posed by Browman and Goldstein {1986, 1992) in their Articulatory Fhonology
model, The most significant part of the Articnlatory Phonology research pro-
gram is the central role that s assigned to the dyramics of the articulation.
Movements are described in terms of abstract gestural prototypes. These have
an inherent time-course and are coordinated with other gestures se that diffez-
ent degrees of temporal overlap can be specified, Our view of speech activity s
colored by Browman and Geldstein’s work, although we believe that the
numiber of variables needs to be larger in order to deal with the full range of
distinct sound types used in the languages of the world, and our use of the
tern ‘gesture’ {5 not exactly the same as theixs. We do not assign any format
theoretical status to gestures, but use the temn gesture o refer to a generalized
patterr. of movement for a family of inguistically equivalent articulations. In
what follows we will concentrate on describing the articulators used and the
directions of the movements in each gesture undesstood in this sense.

We will describe articulations in terms of the five major parts of the vocal
tract that move. These are shown in figure 2.1 in a sagittal section of the voca
tract. These moveable paris can be called the active articulators. The first set of
articulators consists of both the upper and lower lip. There is no doubt that
movements of the upper lip play a prominent role in some articutatory ges-
tures, but the larger movements are those of the lower iip, which is ofteni raised
and lowered with the assistance of movements of the jaw, Becanse the two lips
usually act togather as articulators, we have joined the peints indicating what
we take to be the approximate centers of their masses by dashed lines. Ges-
tures mvolving the lips are said ta be Labial.

The next set of articulators is the tip and the blade of the tongue. These are
the highly mobile parts of the tongue that are forward of the frenalam {the
attachment of the tongue to the floor of the mouth). These two parts of the
tongue have somewhat different ranges of motion and therefore their move-
ments need to be separately described, but because they are so closely con-
nected only one or the other can be the primary articalator in any given speech
sound. The Hp of the tongue at rest is just the part that has a mainly vertical
aspect (Le. is largely parallel to the surfaces of the incisors) phus a siall area
about 2 mm wide on the upper surface. Sounds made with the tip of the tongue
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are said te be apical. The underside of the tip of the tongue s used in some
srifculatinns; sounds made In this way are said to be sub-apical. Behind the tin
is the blade, which is the defining part of the tongue for sounds that are said to
be jaminal. It is difficull to say how far back the blade extends. Probably the
most useful definition of the blade of the fongue from a Hnguistic phonetic
poirtt of view is in terms of its relation to the roof of the mouth. It is the part of
the rongue below the center of the alveolar ridge when the tongue is at rest.
This, of course, requires us to define the alveolar ridge — an equally difficult
task. The center of the ridge is the point of maximum slope in the curvature of
that part of the midline sagittal section of the veocal tract which is behind the
upper teeth. In practice this is often difficult to determine but it is probably the
mest pseful point that can be approximated in a wide selection of individuals.
Laminal sounds are made with the part of the tongue that has its center, when
the tengue is at rest, inmediately below the center of the alveolar ridge. The
laminal area extends forward to about 2 mun behind the Hp of the tongueg, and
backward to a point about 2 mm behind the point on the tongue belmf;r the
center of the aiveolar ridge. The tip and blads of the tongue form Coronal ar-
tizulations.

The body of the tongue is the mass of the tongue behind the blade which can
be taken to have 1fs effective center in the neighborhood of the point labeled
‘body’ on figure 2.1, From an articulatory point of view, it is the surface of this
mass that has to be considered. Arficulations made with this surface are said to
be Dorsal articuiations. It is sometimes useful to distinguish between the front
and back regions of this surface, the front being that part which is at rest below
the hard palate and the back that part which is at zest below the velunt. These
regions cannot be moved separately from each other.

Fhe root of the tongue and the epiglottis can be moved independentiy of the
body Otfh the tongue, ai;h&;ugh, as with other articulations involving the Eongue,
when they are mnoved the rest of th gue will be maov rith t ;
zelation between the root of the miiznﬁg :;::;Ieb? :‘f 0‘184 " -‘th‘fhﬂ?‘n ?h?
: : _ g piglottis is similar to that
between the tip and blade of the tongue. They can be moved separatzly, but
because r:nf their proximity only one or the other can be the principal articulator
i any gven sound, Gestures made by either of them are considered to be
Radical articulations.
~ Lastly, as we will see later, the glottis has to be recognized as an arficulator
It some cocamstances, forming Glottal articulations.

o f i‘: j:::rtif:g point E)f the movement for a consonant depends on the position
Gphe v ahract m the previous soannd. The r;l_cst convenient apprga{:h in this
capier is to consider the movement of an active articuiator from its pasition
N 2 neutral state of the vocal tract towards some articulatory target on the
?}?P@‘f ot rear sgrface of the vocal tract in the midline. These surfaces are calied
::1 jsgdt?l;;e :\f;fujig?i: The a«;tuajl target position may be gnvisaged as being
patntal e n, i1 ae ca:?e g ai :_tsp, J‘ust amové a_hg passive a?:tzcuiator, The

L thought invelved in this latter possibility is achieved without
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Figure 2.1 The five eroups of moveable structures forming the ackive articenlators in the vocal kract.
ke g £

bloodshed becanse we never actually achieve these targets. But it is neverthe-
less often useful o think of the forceful contact of the tongue or Iips in a stop
ronsonant as being programmed in the brain {or in a computer) as an attempt
i throw one part of the vocal tract through another. In many other types of
consonants, such as fricatives, trills and laterals, the articiators have o be
positioned more precisely and this is not the appropriate way fo envisage the
actorn.

Although the pesition of moveable structures away from the midline can be
important in differentiating between sounds, the most significant articulatory
characteristics can be determired if the midline position is known. Theories of
phonetics have virtually always included some notion of place of articuiabion
which is very comparable to the notion of an articulatory target as we have
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Uvuolar
Pharyngeal
/i 15
T Epigloftal
Glotta

bVogr

.1‘13;”13_2.2 The nine regions of the vecal frast that can be considered us target areas for the moveable
arkicuiatoss, The numbered lines show somie of the 17 named articulatory gestures, induding those
in the ghottal ragion. Seme addifional gestares are shown in the more detailed diagrams of the ante-
chor past of the voca) tract in Figure 2.3, )

F}utiir}e L it above. But the raditional terms are more powerful in that they can
oe taken fo describe both the principal moving articulator and the principal
él.:r‘achon of movement. They also, by default, refer specifically to the most
l’flgzlly constricted articulation involved in the production of a sound. We will
cescribe articalations that are produced with more than one constriction in
chapter 10,
h’i’he t;ad?tiomal termis that specify the iarget and what moves fowards it are
; fwa in f;gures 22 and 2.3, which provide an overview of most of the terms
t :af‘:‘ we will use in the remainder of this chapter. There are nine target regions
;Ual‘; 1;‘1;:\‘ splper or back surface of the vc?cal tract, which we will term Iabial,oden—
. eolar, post-alveolar, palatal, velar, uvular, pharyngeal and epigintial. in
HioR, sounds produced by the voeal folds acting as articulaters wiil be con-
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alveolar

Alveplar
Alveolar

Dental

Labial
Tabial

Fiswre 2.3 More detailed diagrams of the anterior part of the vocai tractin figere 2.2, showing axdicu-
lations invoiving the tongue tip and blade,

sidered to have glotial targets. Note that we use the term aiveolar to denote
only the front part of the alveolar ridge. This seems to be the practice of most
phoneticians, although it is sumewhat confusing in that it means that the point
of maximum curvature in the alveolar ridge forms the boundary between what
we call the aiveoiar as opposed to the post-alveoiar region.

Most of the traditional place tezms specify both the moving articulator and
the articulatery target or the upper or back surface of the vocal tract. It is these
paizings befween active articulator and articulatory target that are indicated
by the numbers on figures 2.2 and 2.3, and net specific positions. Thus velar’
implies an action involving the body of the tengue and the velar region, and
‘epiglottal’ implies an action involving part of the root of the tongue (specifi-
cally the epiglottis) and the back wall of the pharynx.

In somte cases ihe traditional term does not make a complete specification of
the pairing. The tezm alveolar by itself can refer to sounds that involve the
alveolar ridge and either the tip or blade of the tongue, and thus can describe
either an apicai or a laminal articulation. For some of the sounds in the alveolar
region there is a fraditienal rerm that incorporates both the apicaif tarninal
distinction and a more precise description of the target region. Thus dentl-

. alveclar is often used to refer 30 sounds that are articulated in the dental region
and involve the blade of the tongue. The name is appropriate in that it seems
that laminal dental sounds always involve contact in the frant part of the ab-
veolar region as well as on the teeth. Apical postaiveolar sounds are often
calied fapical) retroflexes: and laminal post-alveolar sounds are called palato-
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Tekie 2.1, Temtncdegy summearizing the place of srdculatery gesases

AR OE SRACLRATIN ARTCULATERY Maoving SynaRc,
TANGEY REGION ARTICLLATOR EXARMTLES
i, Bilaiial Labial Lower lip phm
2. Labicdental Denkal Loweslip g dbm
1. Linguo-labial Lalial Tongue blade tdn
4. interdental Drental Tongue blade tdn
3. Apicel dental Trental nngue tip tdn
4. {Laminal} denti-alveclar Dentzl and sfeeciar Tongueblade i c:l 1:‘5
7. Apical alvectar Advaglar Tomgue Hp tdn
5. Laminal alvealar Alvaclar Tongueblade tdan
9, Apical retrailex Post.zlveclar Tongue tip { d ra
10. (Lamiral} paiato-glvealar Post-alveclar Tongueblade ida
11, Sub-apical (reteoflex) Palatal Tongue underbiads [ c[ 1_1,
13. Palatal Pzlatal Frontof tongae Crp
13. Velar Velar Back of tongue kgn
18, livuias thealar Back of tongue gow
15. Pharyngeal Pharyngeal Rooi of kongie Y
16. Epiglottal Eplgiotial Eptgloths 2uk
17, Clottal Glottal Vocai folds ?

alveolars. Sounds in ar area behind the alveolar ridge can also be made with
the underside of the Hy of the tongue, in which case they are called subeapical
refroflex sounds. Articulatory pairings involving the tongue tp and blade are
showr in figure 2.3, Tabie 2.7 presents some of the terminoclogy that is used for
labeling articulatory gestures, together with examples of the symbols used for
their representation.

The 17 possiviiities listed in table 2.1 indicate the major movements of part
of the voca) tract from a newiral position towards the center of each target In
the next section of this chapter we will show that each of these possibilities
represents one of the differeny articalatory movements that are used in conso-
nant gestures (all of them, witl: the exception of the pharvngeal articulation,
.b-eing,: used for stop consonants). The final section will consider whether there
is & discrete set of places of articulation, which is one possible interpretation of
the listing in table 2.1, or whether the 17 possibilities we have been discussing
s_houié be considered as terms describing exemplars with which other articula-
tions may be compared.

2.1 Places of Articulation by Target Region

rom the inguistic point of view the places of arficulation in table 2.1 can uge-
fully be classified into a smaller number of groups based on the articulators
they share and on the patterns of linguistic behavior they exhibit. If consonants
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Figtive 2.4 Mean veriicel movement trajectories sver fime of the upper ard lower Hps and the jaw
during ten repegticns of the Ewe word ahaa ‘mat’ (from Maddizson 19931 Electromepgnetic receivars
were placed on the cutstde surface of the bips, henee a gap remaies betweer them even during cle-
EE

in which either the upper or lower lip is involved as an articulator are classi-
fied as Labiais then there are three place classes among Labial sounds: the
lower lip can arficulate with the upper Lp (bilabial), or the upper teeth
{(labiodental); and, as we wiil see, the upper lip can also be the targe! for the
tongue (linguo-labial). If the location of the target on the upper vocal tract
surface is taken to define an arfcnlatory group, then only bilabial and tinguo-
labial places would be incuded in the Labial group. And if only the jower
articulator is used to define & group, then the Labial group would incude only
bilabiat and labiodental places. We will return o consideraion of which of
these three possible groupings seems most natural in the final section of this
chapter.

As we noted earlier. bilabial stops differ from stops at the majority of other
places of articulation in that they involve an active movement of the articulator
on the upper surface of the vocal tract. The upper lip moves down to meet the

Places of Articudation i

upward-moving lower lip to form the closure and moves back up at the re-
fease. A typical movement pattern for the lips in producing a bilabial stop is
shown in figure 2.4, This figure tracks the vertical position of the Hps over time.
Partiy because both articulators are in motion. and therefore the increase in the
cross-sectional area of the oral escape channel occurs more rapidly, the release
phase of a bilabial stop is typically shorter than that of stops at other places of
articulazion. On many occasions (but not noticeably sa in the stop shown in
figure 2.4), aerodynamic forces may also cause the ¥ips to separate more rap-
idly tnan they close (Fujimura 1961). The fact that botk articulators are soft
tissue may explain why bilabial stops are more likely to be produced with in-
cemplete closure than stops in which the active arficulator contacts a less flex-
ible surface. This results in patterns such as that in Japanese, where in native
and Sino-japanese vocabulary /p/ is pronounced word-initially as § or h {de-
pending on the foliowing vowel). and as p in a cluster with anather consonard,
whereas f, k do not alternate with fricatives (McCawley 1968, Shibatani 199¢;
16877,

The use of the labiodental place of articulation is largely restricted fo frica-
tives, so we will defer most of the discussion of that place until chapter 5.
Tnere is, however, no doubt that at least for fricatives there is a conirast be-
tween bilabial and lablodental articclations. We do not know whether friue
jabiodental staps oecur in any language, aithough they have been reported
among languages of Southern Africa, where the symbols [ and [¢b] have
beert used for their transcription since at least Doke's 1926 stady of Zubu.
Guthrie reports that “therz is a labindental piosive which is distinct from the
bilabial plosive, e.g. -dhar- “shine', -bar- ‘give birth to' in a Janguage in the
Nyanja-Tumbuka grovp that he called Tonga (Guihrie 1948: 61). We have not
heard this language, and are unsure how it relates to languages with similar
names in the region. In the nearby Tsonga dialects of South Africa, Baumbach
{1974, 1987} reports labiodental affricates. Significantly, when an assimilated
nasal octurs before these affricates Bawmbach affirms that i shares the
fabiodental place, fust as a nasal before the labiodental fricatives v, £ doss.
Therefore, these sounds are not sequences of a bilabial plosive foilowed by &
labiodental frtcative. If they are indeed true affricates with a complete siop
dosure, then the stop portion of the affricate must be labiodental in place.
Wards illustrating these sounds, together with some other contrasting labials.
are given in fable 2.2,

We have heard labicdental stops made by a Shubi speaker whose teeth were
sufficiently close together to allow him to make an airtight labiodental closure.
For this speaker this sound was clearly in contrast with a bilabtal stop: but we
suspect that the majority of Shubi speakers make the contrast one of bilabial
stop versus labiai-labiodental affricate (i.e. bilabial stop ciosure followed by &
labiodental fricative}, rather than bilabial versus labiodental stop. Sounds de-
scribed as labiodental affricates also occuz, for example in German, in which
the stop ciosure is bilabtal. although the ficative release is labiodental.
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Tablz 2.2 Words ilustrabng sorme of the izbial consonants of the XiNkuna dialect of Tsoags {from
Bavmmbach 1974, 1357

Dl aBlAL Brasal L ABICDENTAL LARDDENTAL

Puosive Fricanve Arspicats Fricative
VOiCELEss papa du tinpfufu mf uisu
UNASFIRATER ‘cheud’ ‘Grishad” ‘hippos’ “brtoise’
pRaptatani mgtaka
busterfty’ "distance’
kuba kuPafia JHedyvn kuvumba
‘b dui” “to be painkal’ ‘chin’ o guess’
Breatesy jimbe mbvtufu Kuvieta
VOICED ‘aatrichy’ ‘tree {spY ‘e eerakch”

Labindental nasals occur in many languages. As in Tsonga they are usually
the result of coarticulation with a following labiodental fricative. The Yorubza
word mfé ‘want, like {imperfective) is formed by preposing an imperfective
marker consisting of a syliabic nasal with no inherent place to the verb stem f&.
Labiodental nasals have, however, been reported as segments confrasting with
hoth bilabial nasals and lablodental fricatives in the Kukuya dialect of Teke.
Paulian (1975) describes these sounds as “realized as a lablodental nasal
occlusive, invariably voiced; the occlusion is formed between the upper teeth
and the lower iip, and is accompanied by strong progrusion of both Hps.” {our
transiation) We do not know if a true occlusive could be made with this ges-
ture, when we take into account the gaps that often occur between the incisors.

The third known possibility for an articulation concerning the Labial region
involves moving the tongue forward to contact the upper lip. A series of
linguo-labial segments has developad in a group of languages from the islands
of Hspiritz Santo and Malekula in Vanuata {Maddieson 198%a). These lan-
guages have stops and nasals with a linguo-labial gesture, conkrasting with
bilabial and alveclar gestures, as illustraied by the Tangoa words in table 2.3
Some of the eardier literature on these languages (e.g. Tryon 1976, Fox 1979}
describes these sounds as ‘apico-labials” but, as they are often not apical, we
have adepied the term Hnguo-labial suggested by Lounsbury {personal coms-
munication} for a similar articulation reported in Umectina. The IPA transcrip-
tion for sounds of this type is the diacritic |} placed under a symbel for a
coronal sound of the appropriate manner ¢lass. In recommending this tran-
scripton, the IPA implicitly classifies this place of articulation among the
Coranals, and not int the Labial group.

The production of these scunds involves a movement of the tongue Dlade
forwards s that it contacts the lower edge of the upper lip, which is drawn
back somewhat 1o meet the advancing tongue. The time-course of this move-
ment can be seen in the three frames in figure 2.5, taken from a videotape of a
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Figurel § Three fames fom 2 videotape showing the tonguee and Ep contact in the preduction of the

weed napdalks bow’ by a speaker of Vao.

fbie2.3 Words llustrating bilabial, inguo-labiat and alveolar places of articulation in Tangoa (from
Misddieson 1589, Camden 1975}

HiLagial Lmvcuo-Lamal, ALVECLAR
PLosive peta tara’ teie bultarfiy’ Eagia “father’
MasaL mata  ‘snake’ nata ‘eye’ nunua  Tnessenger spidd
BRICHTIVE Pitia ‘dog’ datn “stone’ sasafi  “bad’

speaker of Vac. The first frame shows the starting position of the upper lip, as
the torymee beging its forward movement. The second frame, 60 ms later, shows
a downward and backward motion of the upper lip toward the advancing
tongue. The third frame, another 60 ms later, illusirates the calminating phase
of the articulation, with a complets occlusion formed between upper lip and
tongue blade.

An even more unusual sound occurs in Pirahi, a Mura language spoken by
approximately 2530 people in Brazil. According to Everett (1982) this language
has “a veiced, lateralized apicai-alveolar/sublaminal-labial double flap with
egressive lung air. In the formation of this sound the tongue tip first touches
the alveolar ridge and then comes out of the mouth, almost touching the upper
chin as the underblade of the tongue touches the lower lip.” We have seena
videotape of this sound, which confirms the general description provided by
Everett. However, this sound is only used in certain special tvpes of speech
performance and it is not clear to us that i# should be included in the present
enumerabion of articulations.

The second group of places of articulation contains those made with a con-
tact against the upper feeth or that part of the roof of the mouth relatively near
the teeth. As a group, these articulations are known as Coronal. The group
includes most articulations made in the dental, alveolar and post-aivestar re-
gions shown in figure 2.1, but the group is often most usefully limited to those
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articulaiions ir which the fongue tip or biade makes the constriction. If the
group is defined by the use of the tengue tip or blade a3 the active articulaior,
then linguo-labiais and at least some articulations In the palatal region will be
included. Again, we wiil discuss the linguistic merits of different groupings in
the final section of this chapter. _

Apart from labiodentals, azticulations in the dental region can be made only
with the tongue tip or blade as the active articulator. The longue more corm-
monly contacts the back of the leeth, but the tip may @s0 project between the
sgefh so that the biade makes contact with the underside of the upper teeth.
The special term for this articilation is interdental. We have included a distine-
sion hetween dental and interdental places of articulation in table 2.1 and fig-
wre 2.2, but we do not know of any use of this distinction to form phonemic
conirasts. It seems that some languages may consistent]y use one or the other
possibility while others permit the use of gither of them. As we will discuss in
chapter 5, speakers of American English from California typically use an
interdental fricative in words such as ‘think’, but nearly all speakers of British
nglish use a dental fricative in such wozds. A similar variation between den-
tal and interdentals is apparent wher we examine Australian languages. Dixorn
{1980} notes that Australian languages offen have inierdental stops in which
the “teeth are stightly apars, and the blade of the tongue projects between and
fouches both sets of teeth,” whereas Butcher {in progress) notes that both
postdenta) and intexdental articuiations occuy among speakers of the same lan-
guage. In postdental stops the tip of ihe tongue may be turned down so that it
fouches the back of the lower teeth, while a closure is formed by the tengue
blade contacting the upper teeth.

A difference between apical dental and interdental gestures with different
manners of articelation ncaurs in Malayatam. Some of the speakers we invests-
gated used an interdental nasal g in words such as punpi 'pig, but they made
£ as a dental stop without tongue profrusion in words such as kuttl ‘stabbed’.
This may be related to the fact that Malayalam has a contrast between dentals
and alveolars for both stops and nasals. Acoustically, both dental and inter-
dental stops are quite distinct from the conirasting alveolar stops inl thetr
bursts as well as their formant transitions. The nasals have virtually no barsts,
and are distinguished aimost entirely by their formani transitions {the differ-
ences in the nasal murmur itself are not at ali salient). Those speakers of
Malayalare who have interdental nasals might thus increase the difference
by producing moere distinct formant transitions as a result of the interdental
articulation.

Marty janguages contzast dental and aivesiar siops. This difference {s almost
always accompanied by a difference in laminality. All four of the possibiiities,
apical dental, laminal dental, apical alveoiar and laminal alveolar pocur, bud
languages rarely have contrasts in which one sound is apical and the other
lamiral with the contact being made at the same place on fhe roof of the
nouth. In the languages we have investigated. dental stops are usually laminal
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Tz 5.4 Words iilustrazing dental, alveolar and sub-apical setro 4§ H tral i
e 2 dental, an sus-apical retreflex stops in sylable fnal positon

WOICELESS VOuE
[anaL poi Cten’ med  dhumingstick
AVEDLAR pot  ‘cockroach’ mod  viliage with daiey”
ReTROFLE taf  churning vessel mod  Thea d )

rather than apical, with contact on both the teeth and the front part of the ai-
veolar ridge. whereas the alveclar stops are often apical, with centact usuali‘y
on the center of the alveolar ridge. This is the pattern in widely dispersed lan.
guages such as Malayalam. Tiwi, Ewe, and Dahalo. In many languages (in-
cluding &l those just mentioned} the dental stops fypically have a long contact
region in the sagittal plane, and might better be L'r:egard;ed as jaminal denti-
atveolars rather than pure dentals. Similarly, in these languages in which there
is & Ccm‘traséing coranal articulation, it is always apical with a smaller contact
area. It is somefimes in the region in front of the center of the alveclar ridge
making it what we have defined as an alveelar articulation, but it may be on
the center of the alveciar ridge, making it what we have called posbalveoiar.‘
Some Dravidian languages have a thres way contrast between places invole-
ing the tongue tp or blade, distinguishing dental, alveclar and what for the
time being we will iabel retrofiex stops. Toda examples are given in table 2.4.
We inves tigated the articulatory characteristics of the Toda stops using palato-
grapnic analysis lechnigues which are fully described elsewhere ( Laﬁefoged
i press). The basic procedure was to paint the tip, blade and Emn‘z of thé
rongue with a mixture of edible oil and finely powdered charcoal. The speaker
then_aaid the ward to be investigated, which was alwavs carefully chosen so
tha% %t had only one coronal consonant. The pronunciati(;n was recarded using
a video camera, which was also used to photograph a mirror placed in :hz
mauth 80 as o show the area of e upper part of the vocal hact that had been
contacted. The procedure was then reversed, painting the upper part of the
vocal raci, and observing which part of the tongue had made the ‘contact. In
palatograms and Unguograms made in this fashion the area of contact is indi-
cated by a datkened area where the medium is transferred. This is the opposite
of what i3 seen in some of the other palategrams reproduced in this book in
‘_Whicifz the area of contact is indicated by an area that s wiped clean. Dental
Impressions were made of each speaker’s upper teeth and iaaiate, so thai an
accurate scale could be applied to the photographs, and sagittal sections of
part of the upper surface of the vocal fract could be drawn. We have records of
five speakers of Toda {three men and two women) made in this way.
m; five speakers made the dental stops with the tip and blade of the tongue
zf.a.!cl‘ng contact with the upper front teeth and the alveolar ridge. as exempii-
fied in the upper pair of photographs in figure 2.6, Often, a3 in the case of the
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retroflex
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Figure2.6 Palatographic and Iinguographicrecords of the Toda words pof “ten’, peif “coclavach’, put
‘Gigging stick’. The photogrephs have been retouched sp as to remove retlestive highlighis The dark
azeas on.the backs of the subiact’s Front teeth are stains and nit tha result of tongues contact duzing the

artinulation.

speaker illusirated, a considerabie part of the alveolar ridge was invelved. We
noted above that denlal siops are often formed in this way, making them
laminal denti-alveolar stops. The middie pair of shotoaravns in the figure il-
hasirate the alveolar stops. Note that the dark areas on the backs of the sub-
ject’s front feeth in the left-hand photograph are stains and not the result of
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tongue contacts. These stops were always made with the tip of the tongue con-
tacting the middle of the alveolar ridge, making them clearly apical alveolars.
The retrofiex stops, exemplified in the lower pair of photogmphs, show very
little contact on the tip of the tongue, as, instead of the tip itself, it was the
underside of the fip that was invelved, making these sounds sub-apical. The
contact was betwsen the curled back tp of the tongue and the roof of the
mouth well behind the alveolar ridge, in the region of the haed palate. We will
compare this retroflex ar*zculaﬁon with others that have been labeled retroflex
in a later section.

In general, if a language has oniy a dental or an alveolar stop, then that stop
will be laminal if it is dental and apical if it is abveolar. But generalizations such
as these should be treated with reserve. Most textbooks deseribe French t, 4, n,
! as laminal dental and English t, d, n, | as apical alveolar. But Dazt (1991} has
showrn that 20-30% of her sample of 20 speakers of French used alveolar ges-
tures for some of these sounds (the percentage differing for different members
of the set}, and similar percentages of Californian English speakers used dental
articulations.

There are comparatively few languages in which a dental stop is required to
be apical. This is, however, the case in Ternne, a West Atlantic langmage spoken
in Sierya Lecne, which breaks the generalization that languages that contrast
denial and alveclar stops have laminal dentals and apical alveclars. In Temne
the stop made on the teeth is articulated with the tip of the tongue, and the one
made on the alveolar ridge, which is slightly affricated, involves the blade of
the fongue.

Stmilarly there are not many clear cases inn which a laminal articulation is
re'}uireq far alveolar gastures for stops or nasals; but, from the x-ray tracings
in Stojkov {1942, 1961}, it seems as i the major part of the difference between
pigin t, ¢, n and what are fraditicnally called palatalized t, d, n in Balgarian is
that the former are produced with an apical alveolar gesture, and the latter
with & laminal alveolar gesture, i.e. as . d. n. As Scatton {1984: 60) remarks
“the extent to which the mid-body of the tongue is raised is not very much
greater than that of their non-palatalized counterparts.” The difference be-
tween nand n may be seen in figure 2.7, Whereas in o the contact s formed just
behind the teeth and has a rejatively small area, in n the contact area is larger,
extending a little further forward and alse further back towards the palatal
region. Stojkov's iracings show even less difference in the tongue profile be-
hind the closure for the stops than appears in these nasals.

Another generalization is that if 2 language has both an apical and a laminal
stop consonant, then the laminal consonant is itkely to be more affricated. This
can be demonstrated by reference to Isoko, which contragts laminal dental and
apical alveolar stops. Spectrograms of words illustrating this difference are
shown in figure 2.8. The affrication which ecours with the laminal articulation
is quite evident. There are also clear differences in the formant transitions
which are due {o using the blade of the tongue in the dental {denti-alveolar) as
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Figure 17 Tracings feom x-ray photographs and palatograms of zpical and Jaminal aiveplar nasals in
Buigaman (after Sofkoy 1961).

4060
3000

2600

] 200 400 0 200 400 ms

Figure 2.8 Spectegrams Hiustrating the differenca betiwvesr alaminal dental d and an apical abveclar
d in Isoko in the words 660 "farm’ and 0di chasy,

oppuosed to the tip of the tongue in the alveolar articulations. The locus of the
second formant is lower for the laminal dental stop. The closely similar fre-
quencles of the third and fourth formants at the stop release, and the unusual
secarnd formant which can be seen in the first part of the lapninal dental closure,
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Figure 2.8 Spectrograms of Dehalota?adi Trait of shizinks” and fami 'grass, thatehy, ilustrating longer
and ndsler release fox alveolar than for dental plosives.

occurred i a number of utterances of this word by this speaker. Dart (1991,
1993) alsy found a significantly higher F2 prior to closure and lower F3 and F4
at bath closure and release of apical alveolar stops in "O’odham, in comparison
with the laminal dentals.

AR exception fo the generalization that laminal consonants are likely to be
mwore affricated is provided by Dahalo. The contrast befween the laminal den-
tal stops and the apical alveolar stops in this language is illusirated by the
spectrograms in figure 2.9. The noisy part of the release of the alveolars is
roughly three dmes as long as that of the dentals. In having greater affrication
in the alveoliar stops, Dahalo s uniike most of those languages of India, Aus-
trzifa and the Americas in which dental/alveolar contrasts are found.

‘The next question that we should consider is the nature of refroflex articuia-
tions. We illustrated a retroflex articulation in Toda in figure 2.6, but there is
censiderably moere to be said shout such articulations. The ferm ‘retrofiex’ has
been used for a variety of different articulations, which are linked as much by
the shape of the tongue involved as the region on the upper surface of the
mouth. A retroflex articulation is one in which the tip of the tongue is curded
up to some extent. In addition to the sub-apical palatal articulagons that ocour
inToda, there are also retroflex gestures in which the tip of the tongne is curled
oniy slightly upwards, forming an articulation in the alveolar or, more nsually,
post-alveolar region. We will symbolize articulations of this kind by a sub-
sczipt dot beneath the symbel for the alveolar sound. This usage has been ex-
plicitly disavowed by the International Phonetic Association (1989), but we
have retained it so that we cen differentiate between two degrees of
retroflexion, using t, 4, n for articulations of the Toda type, but ¢ d, n for those
with a less retroflexed tongue shape.
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Fignre 210 Spectrograms and palatograms illustrating the difference between laminal denti-atveo-
lar 4 and apical retroBex f in Ewe In the phiases & da "he throws' and & di “he cooks’, Fased on
Ladafoged {1968}

We examined the contrast between g and d in two dialects of Ewe {Kpando
and Peki) and in some of the neighboring Central Togo languages. Instrumen-
tal records were obtained from a total of six speakers using this contrast. The
principal articulatory difference between these two sounds is in the part of the
tongue that is used. The denti-alveolar d fs articulated with the blade of the
tangue against the teeth and alveolar ridge, much as in the majority of other
dental sounds we have been considering. The sound represented here as ¢ is
articulated with the tip of the tongte against the aiveclar ridge {usually but not
always, the posterior part}, making it similar to the alveclar stop in Teda, but
with a slightly more retracted articulation. Figure 2.10 shows palafograms of a
speaker of the Kpando dialect of Ewe saying the phrases € da 'he throws” and é
da ‘he cooks’. The other five speakers investigated all produced very similar
sounds. The palatograms show that the area of contact between the tongue and
the roof of the mouth is smaller in the second phrase than in the frst
Examination of the speaker’s tongue after the pronunciation of each phrase
alse made it elear that in the case of & di only a small part of the tip about 3 nm
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Fignre 2,37 Xoray tracings of the apical retroflex d in Mindiand the sub-apical retro fexd in Tamil and
Teiugu (after Ladefoged and Bhaskararao 1983)

Tamil

iong in the sagittel plane had touched the roof of the mouth. As the area of
contact on the roof of the mouth is longer than 5 mm the tip of the tongue must
have moved as it made contact, an action that we find typical of refroflex
sounds, Spectrograms for these words are shown in the lower part of the fgure.
The acoustic difference produced by these slightly different articulations is
very small, consisting mainly of a greater lowering of ¥2 and F3 before the
closure in € da.

Ladefoged (1968) suggested that the Ewe retroflex ¢ might not be the same
as the similarly symboiized sound in Hindi, a suggestion that still seems likely
to us. Ewe ¢ does not sound as retroflex as Hind: d. We do not have Compara-
bie data on the two languages, so we have no way of deciding this issue. But
Ladefoged and Bhaskararao {1983) have shown that languages can differ in the
kind of retroflexion that they employ. Figure 2.11 shows typical tongue posi-
tions for the retroflex consonants in Tamil and Telugy, two Dravidian lan-
guages, and Hindi, an Indo-Aryan language. The Dravidian languages typi-
cally have sub-apical consonants in which the underside of the tongue contacts
the anterior part of the hard palate, whereas Hindi speakers do not usually
have the tongue tip curled so far back and therefore the contact is on the apical
edge of the tongue. We use the approved IPA retrofiex symbals such as 4 for
sub-apical palatal {retroflex) sounds, and dotted symbols such as d for apical
post-aiveslar {retroflex) sounds. We do not know of any language with bwo
contrasting retroflex stops, apical and sub-apical. The Dravidian languages are
tHe best known langmages that have sub-apical retrofiex stops, but Butcher's
work {in progress) shows that sub-apical palatal articulations also occur in
Australian languages, and Khanty may also have a sound of this kind (Gulya
1966}, In several of the Nalive American languages of the southwestern 1JSA
what is important in the contrast between dental and alveolar sounds is that
the shape of the tongue should be what we might call slightly retroflex, with
the part of the tongue behind the Hp hollowed to some extent {Langdon, per-
sonal communication).

The acoustic resuits of retroflexion have been studied by a number of
authors. The general concensus seems to be that retroflexion affects mainiy the
higher formants. Fant (1968) notes that a retroflex modification of alveolar
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sounds lowers Fd so that it comes close 1o ¥3; but a retroflex modification of
palatal sounds modifies F3 50 that it comes close to F2. Stevens and Blumsteln
{1975) remark that "the overall acoustic pattern is characterized by a clustering
of P2, F3 and P4 in a relatively narrow frequency region.” The latter point is
confirmed by Dave {1677}, who also notes that in both his data and that of
Stevens and Blumstein (1975} thers are much geeater formant transitions going
from a vowel into a retroflex consonant than going from a retrofiex consonant
into a following vowel. This effect, which is alzo evident in our dats, indicates
that the tongue Hp first bends back into the retroflex position, and then, during
the closure phase, straightens out somewhat, so that by the time of the release
of the closure it is in a less exfreme position.

We have now considered 23l the articulatory gestures required for siops
made in the denfal and alveclar reglons, and those made with the tip and the
upderside of the tongue in the post-alveolar region {the apical and sub-zpical
retroflex sounds). Laminal sounds rrade with the upper side of the tongue in
the post-alveoclar region are usually called palato-alveolar.

Australian languages are particularly well known for the large number of
confrasting coronal articulations they use. Many Australian languages contrast
laminai dental, apical alveociar, apical post-alveclar {refroflex), and laminal
post-aiveolar (palato-alveniar) stops. In the Auvstralianist literature, sounds
made with this last articulation are usually referred to as ‘palatal’, but as we
will show, the articaiation is further forward than the sounds bradifionaily
called palatal. Words Hlustrating the four coronal places for stops and nasals in
Eastern Arrernte are given in fable 2.5,

Palatograms of the words in the first row of table 2.3, made availeble to us
by Andrew Buicher. are shown in figure 212 Above each paiafogram is a
sketch of the articulatory position in the sagittal plane Inferred by Buicher
from a combination of paiafog.raphi’ and linguographic evidence. Gridlines on
the palatograms and sagittal sections correspond. The laminal dental involves
a coniact over the entire denti-alveolar region. The apical alveolar articuladon
is made directly on the alveolar ridge. The articulation here designated apical
post-alveolar. conventionally calied ‘retroflex’. involves a sub-apical contact
well behind the alveclar ridge; in fact this particular example is so far back that
the location of the contact could be described as on the palate. The midiine
contact for the fourth category. the laminal post-alveolar, is considerably fur-
ther forward, and extends over the alveolar and post-alveolar regions. The

Tabie 2.5 Words llustrating the plain coronal stops and nasals of Eastern Arrernls

Lanilnesr APICAL AZICAL POST- Taniranl

DENTAL ALVEDL AR ALVESL AR POST.ALYED AZ
Prosvzs  atemd ‘gind’  afsma burst kwata “smoke’  atormdja ‘molher’s father”
Nasais  afiaje siting ansme siding  3Be e alane “tongue’
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Apical alveolar Laminal dental

[

2,

yi

)

Apical post-alveotar

Laminai post-alveolar

o,

Figrrz 232 Palatograms and inferred asticulatory positions for intervocatic coronal stops in Eastern
Arvernle foouriesy of sndrew Butcher). The words dlustzated are (1) alama Burst’. (2) atome "grind’.
{3 hwots smoke’. {£) afamajs meather s father

large arnournt of contact along e sides seen i the palatogram of this sound
indicates that the tongue body Is high, as shown in the sagittal section.

Mean specira of the bursts of ten repeiitions of the four coronal stops in
Arrernte are shown in figure 2.13. These data are from our own meagurements
on a different speaker. A natural grouping of these four specira inte fwo sets
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Apical alveolar Taminal dental
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Apical post-alveolar Laminal post-alvenlar

o
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Figure 2,15 Mear speoiza of the release bursis of the four Coronal stops of Eastem Arrernée. Ei_ith
panel of the figure Is caiculated from ten tokens of words containing the stop in question in varied
vontexis.

according ‘o the active articulator shape, rather than p}a_ce of artculation, is
apparent in these data. The spectra of the bwo laminal stops shgw & geaerTaJ
tendency for amplitude to decrease monofenically as frequency increases. In
contrast, the specira of the twe apical stops show a strong mid-frequency peak.
This is narrower in bandwidth for the post-alveolar (retrofiex] than for the al-
veolar. Further differences also appear when the time-course of the articula-
tions is cansidered. The closure duration of the alveolar is significantly shorter
than that of the oiher three, whereas the frication noise following the release of
closure is significantly longer for the laminal post-alveolar. The voice onset
time s shortest for the retroflex. A combination of duration and spectral cues
thus serves to separate all four of thege segmends acoustiaallj_x,

There is considerable variation in the ariculation of laminal post—aiveolla;r
stope. This can be exgmplified by reference to Ghzmai‘an ia_ng&agei fo’r ‘wh:clﬂ
we have dafa from a number of speakers. In the sounds writter as 'Ky ’ gy’ in
tne local orthography, some speakers made the stop closure with the _bzade of
the tongue, and others with the front of the fongue. In ali cases tkze tip of the
tongue was down behingd the lower front teeih, and the center of 'Ehg tongue
was raised towards the hard palate. There was usually considerable
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stfrication. These scunds are therefore laminat posi-ziveolar affricates te¢, du or
palatal stops ¢ 3 or palatal affricates ¢¢, di. It most of the Wast African lan-
guages in which these sounds occur there is a contrast between non-iahialized
and lablalized counterparts (written ‘dw’ and ‘tw’ as in the name of the Akan
diatect "Twi'). But the jabialized and non-labialized sounds do not recessarily
have the same tongue gesture. Thus our main speaker of the Fante dialect of
Akan had the same mid-point of articuiation in the voiced labialized consonant
in 3d"¢ 'he caims’ as in the voiceless non-labialized conscnant in Sted ‘he
catches’; but the extent of the contact was greater during the labialized conso-
rant. Qur main speaker of the Akwapem Twi dialect of Akan had very litde
atfrication in the corresponding sounds, and had the same cerer poini of ar-
Hewlation In ot ‘he cufs’ and cacd ‘mattress”; but in this case the contact was
greater in the non-labiatized consonant. In Nzima we found the articilations to
be affricated palaal stops in both gt 'he divides’ and peg™s ‘he pulls”.

Some of the variations noted above may not be differences among diajects of
Akar, as we have been implying, but siinply diffevences among individual
speakers. The problem is further complicated by the facs that there are large
individual anatomical differences in the coronal region, making it hard to
make precise remarks about aridicuiation. Keatin g and Lahiri (1993}, who have
surnrnarized arvticulatory descriptions based on x-ravs of speech sounds in the
palatal and velar regions, note that different sousces provide quite different
articalatory pictures of what are claimed to be the same sound.

As we have noted in the case of the West A frican langunages the actual area of
confact in sounds of this type may vary over a wide range, so that i is often
fard fo decide whether a given sound should be classified as a palato-alveolar
or a palatal. Languages seldom distinguish between sounds simply by one be-
ing a palatal and the other a palaio-alveolar, preferring instead either to have
affricates in the one position and stops in the other, or in some other way to
supplement the contrasis in place of articulation with additional variaZons in
the manner of articulation. For example Ngwo has palatal stops and laminal
post-alveolar affricates in a stop systern which includes d. dz. ds, 4 9. The mid-
dle tiree terms in this series are illustrated in Figure 2.14, which shows that
there are three distingt places of articulation, which we would now classify as
being laminal dental {denti-atveolar), laminal post-alveolar {palato-alveolar),
ard palatal. {Other palatograms show that g is also distincily different, bat the
confact area for d is the same as that for dz.) .

When places of articuiation are grouped according to the active articalator
used, palatal articulations, which use the kody of the tonigue rather than the
blade, fall outside the Coronal class of articulations. Rather, they are connected
to the velar and wvular places. We use the term Dorsal for this group. A good
example of a palatal ariiculation of this kind from Hungarian is illustrated by
the linguogram and x-ray fracing in figure 2.15, which is based on data that
Bolla (1980} provides as an iflustration of 5. As these records indicate, there i
no contaci at ell on the blade of the tongue. The Linguogram shows a rather
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Figure 2.14 Palatograms, linguagrams, and inferred arficulatory positions of laminal denti-alveolar,
tarinal patato-aivesiar and palalal stopsia the Ngweo words &dze "dance’, dsé {a species of [rnaig}, 838
‘posipone’ (besed on Ladefoged, 1968). The contact area on the roof of the mouth is the area from
which the rmarking medinm has been wiped away. The dotted lines on the palatal sagittal section
correspand to the (sckid) contour lines superimposed on the palatogram.

\

Figure 3,15 Linguogram and x-ray tracing of Mungarian voiced palatal stop (after Bolla 1988} The
black tongne sutine is e midiine; the grey line shows the edge of the tongue.
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wide contact area on the tongue front. In the tracing based on cineradiopraphy,
the contact on the upper surface is on the sloping arza of the palate. Comparing
this figure with the laminal post-aiveclar from Arrernte illusirated in Hgure
2.12 above, both the active and passive surfaces involved are distingt in the
swo cases. Thus, among articulations that have loosely been called ‘palatal’
there are bwo quite distinet types involved, as well as a number of intermediate
cases, such as scine of the Akan types and perhaps the palatals of Czech (see
the discussion in Keating and Lahin 1993).

Lahiri and Blumstein (1984) have argued that phonological thearies need not
recognize the distinction between palato-alveolars and palatals, because the
differences are always, as in Ngwo, supplemented by differences in manner of
articulation. However, there are counterexampies. According te both Bubrikh
(1949} and Lytkin {1966}, Komi has both post-alveclar and palatal affricates (as
well as palatal stops). So in this case differences in place of articulation are not
supplemented by differences in manner. In addition, some dialects of
Melayalam contrast laminal post-alveolar, palatal, and velar nasais. Although
the more well-known dialects of this language contrast only six places of are
ticalation, Mohanan and Mohanan {1984) note that there is a dialect that distin-
guishies seven places on the surface by having both g and p.

It is customary to distinguish three places within the Dorsal region, as indi-
cated in figure 2.2. We have already iHustrated the palatal place, and will dis-
cuss the contrast between velar and uvuiar sounds below. The central member
of the Dorsal class is the velar place. Virtually every language has velar stops.
By definition, these inveolve a contact on the velum, or soft palate. However,
since the active articulator invoived is the body of the tongue and this is also
involved in the production of front/back contrasts in vowels, the effect of
vowel environment on velar stops 1s different from that seen with other places.
Rather than primarily modifving the shape of the tongue behind or in front of
the constriction, the lecation of the constriction itself is affected. In view of this
it ks possible to distinguish front, central and back velass. Fronted velars may
actzally make contact on the hard palate. Figure 2,36 Hllustrates the different
lecation of the constriction in the Ewe words akd “sand’ and eké ‘charcoal’.
This fgure shows the movement of a point on the tongae dorsum during the
whote of these words. Compared with the movement seen in the central vowel
environument in akd, the entire tongue body is displaced about 8 mm further
forward for the execution of eké. This figure also shows & forward looping
motion of the tongue as the consonant closure is formed and then released.
This seems to be characteristic of velars. Similar results to those in figure 2.16
have been shown for English by Houde {1967, Kent and Moll (1972} and
others, and for German by Maooshammer (19923,

In most languages the variation between front and back velars is dependent
on the vowel, but evidence that this distinction can be conirastive comes from
Austrelian languages that have scunds that are definitely further back than
the common faminal post-alveolars, but nevertheless further forward than
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Figus2 216 Movement trajectosies for a point ars ihe tongue rear imean of 10 repetiions) during the
Fwe words aké sand’ and eké ‘charcos]’ (based on Maddieson 1993). Scales are in am {rom arbitrary
origins. Samples laken approximately 3 ms apart, Acurve indicating the estimased lecation ol part
of the roof of the moush has been drawn on the figare.

contzasting sounds that are more nearly in the veiar region. These stops are
apparenily also further back than Hungarian pajatals and have been described
as palatovelar in Dijingili (Chadwick 1975) and Garawa {Furby 1974).
Chadwick (personal communication) and Kirton and Charlie (1978) suggest
that they may have arisen from a simplification of consonant clusters such as
dg and ng, which cecur in many of the neighboring languages. Ins at least one of
these languages, Yanyuwa, the palatal stops are in contrast with both laminal
post-alveslar and velar stops, so that there are seven places of articulation, as
exemplified in table 2.6. (Date from our own field observations with Jean
Kirton, supplemented by that in Kirton and Charlie 1978.}

The terms in table 2.6 differ from those used by Kirton and Charlie (1978},
notably by the use of laminal dental {denti-alveolar} in place of their apical
dental. Their term notes the contact between the tip of the tongue and the up-
per front teeth, whereas we want to note not only this contact, but aiso the
conzact between the blade of the tongue and the froni part of the alveolarridge.
There is no doubt that this sound is like that in many other Ausfraiian lan-
puages, invelving what is in our terminelogy a laminal arficulation. We have
also used the term palatal (and the regular palatai symbels 3 and p) int piace of

Flaces of Artficdation 33

—

—ia N P [T . ) s . -
Ty 2.5 Words illustrating contrasts between intervoualic stops and nasals in Yanvuwa

Bu.Amal L Arcar, AFlzas L, Palaral WiLaR

DENTAL ATVELAR BOCT.

(g Tee ERY ALVEOLAR

ALYETE AR} HEHERSSY (FALAT

ALYEOLAR]

wubuwingu  wudurumaja  wodars wudujo wudula  gupsly wagage
‘s asmall taugly” hell of in the ‘inte the  sacred” “grand-
ane { female} fzad” stosnacly’ grass’ ;élrarzt‘
wumuwadaia  wanonu wunsala WARDUEA napalu fuwanu  waguk
‘in thecanoe”  “cooked” ‘kangamo’  Cwhiseegret” e’ :s%rip‘cﬁ “adoigscent

turtie fai boy’

their term palatovelar, although we agree that these sounds are made further
back than the scunds that are usually cailed pajatal. In additior: the velar stops
in Yanyuwa appear {0 us to be made slighily further back than those in other
languages; bul they are in no way equivalent to stops classified as uvalar in
oiher languages.

A simndlar distinction to that In Yanyuwa may appear in some languages in
the northwest of North America. Both Nuxalk (Nater 1984) and Kwakw'ala
{Grubb 1977} are described as distinguishing ‘palatovelars’ from “back velars'.
Nater compares the ‘palatovelar” stop of Nuxalk to the initial scund of the Eng-
lish word “cube’.

While discussing scunds in the central oral region, we must nol another
problem in deciding precisely what is meant by a palatal articulation. In sey-
eral langnages our palatograms {and those of others, e.g. Doke 1931b) show
that palated sounds may have fwo contacis. a tongue tip {or blade) and alveslar
ridge confact, and, probably simultaneousiy. a contact between the tongue
front and rear of the hard palate. These contacts are best considered o be due
to accidents of the shapes involved, and perhaps in the case of some of the
older records made with an artificial palate. due to a less than perfect fit o the
subject’'s mouth. The center of the target arficulation can be considered to be in
the palatal region, but the farget is not reacked, and there is only alveoclar and
postpalatal contact instead.

We have not ourselves heard any language that contrasts palatal stops with
both velars and uvulars. Usually, when there are three stops in this area the

most forward of the three is a laminal post-alveolar {palato-alveolar) affricate
rather than a palatal stop, as is the case in the Quechua words in table 2.7 (note
Fhat this is contra Ladefoged 1971 and 1982). There are, however, a few reports
in the lizerature of languages that contrast palatal, velar and uvular stops with-
out making the first of these ari affricate. The most convincing case of this kind
is that of Jagarn, a language fairly closely related to Quechua. Hardman {1965)
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Table 2.7 Words lustrating contrasts involving palzto-aiveclar {laminal post-abveolar) affricates, and
]
velar and wvular stops tn Qrrectuea

LAl POST-ALVECLAR

(PR ATO-4LVEOLAR) VELAR Dhvisar
Untaspinates tfaka kujuj qady
“bridge’ ‘o move’ tongus’
ASPRATED t"aka KPujuj gFadu
Targe ant ‘4o whistle’ “shiawl’
Erecmve tf'aka K'ujuj ¢'aiu
‘hoarse’ 'to twist’ ‘tomaio and locoio sauce’

Tubiz 2.8 Words ilusirating contrasting velar and uweular plogives and sjectives in K'ekehi

VELAR PLOSIVE VELAR BIECTIVE Uyt ai pLosive TIvuL AR BIRCTIVE
kag k'a aa g'an
‘grindstone’ “bitter’ ‘oue” ‘bridge’

describes this language as contrasting not only ¢, k. g but alse ts, tf, ts, making
it plain that the palatal stop is not an affricate, but actually contrasts with a
series of alfricates, as well as with velar and nvular stops.

There is very little published data on the difference bebween velar and wvu-
tar stops. AlAnd (1970) hes provided data for a single speaker of Arabic He
notes that the uvular stop lowers F2 for a following 1 or a, He also suggests that
F2 is slightly raised in u following a uvular stop, but this is not so apparent in
his spectrogams. What is evident, which he also notes, 1s that the major energy
i the burst of the stop consonant is lower for ¢ than for k.

We analyzed recordings of 12 speakers of K'ekehi that had been made for us
by Ava Berinstein, Each of these speakers sald (among many other words) the
four words shown in table 2.8 each within a frame sentence. Spectrograms of
the four words as pronounced by one speaker are shown in figure 2.17, The
bursts that eccnr on the release of the stop closure are particularly clear for the
ejective stops. We found that for all 12 speakers the major energy in the burst
was lower for the uvular stops than for the velars, However, F2 was lower at
the onset of the vowel for anly @ of the 12 speakers. For these 9 speakers there
was also a noticeable lowering of F2 throughout most of the vowel {as may be
seen. in the case of the speaker in figure 2.17). We found no significant differ-
ence with respect to Voice Onset Time for the plosives; the mean VOT for the
velars was 32 ms {3.d. 18} and for the uvulazs 36 ms (s.4. 23} Nor was there
any significant difference in the length of the glottal closure after the release of
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Figwre 2.17. Spectrograms of contrasting velar and wvular plosives and ejectives in the Kekehi words
in Teble 2.3,

the ejectives, which was 97 ms {s.d. 38} for the velars and 92 ms {5.d. 38) for the
uvulars.

Pharyngeal and epiglottal sounds are roade in the Radical region, below the
uvula. No language makes stops consistently in the upper part of the pharynx,
and it is logically impossible to make pharyngeal nasals (as we define nasals),
since air cannot come out through the nose while the articuiators make a com-
plete closure in the pharyngeal region. Pharyngeal fricatives do oecur, but they
are not as common as might be supposed from the literature, as most of the
sounds to which this label is attached (e.g. in Arabic and Hebrew) are actually
what we would call epiglottal fricatives. We will consider this point further in
chapter 5, when we discuss fricatives. Meanwhile we will note that there is
justification for disbinguishing between pharyngeal and epiglottal fricatives, as
they contrast in the Burkikhan dialect of Agul. Examples are Hsted in table 2.9,

Asis evident from table 2.9, stops also occur in the epigiottal region. Catford
{1983) has suggested that the Chechen ‘pharyngeal stop” may be produced by
“the epiglottis actively folding back and down to produce an epiglotio-
arytenoidal constriction, or closure.” We will regard this sound as an epiglottal
stop, for which the TPA symbol is 2. Epiglottal stops have also been observed
by Laufer ard Condax {1981}, who point out that they occur as allophones of
so-called pharymgeal fricatives in Semnitic languages. We have also observed
epigioltal stops in the Cushitic language Dahalo (Maddieson, Spaiié, Sands
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Table 2.5 Wordsillustrating contrasting pharyngeal and spiglotial fricabives, and epigiottal plosives,
in the Buridkhan dialectof Agal (data from 5. Kodzasow, personal communicadon)

WVORCED PHARYNGEAL FRICATIVE mut  Cbridge’ mutar ‘bridges’
VOICR,ER3 PHARYRGEAL TRICATIVE muh ‘bam' mubhar  ‘baens
VOUCELESS EF1GLOTTAL FRICATIVE meR  “whey' meHer  wheys'
VGICE 658 EPGLOTTAL ST0P ja? ‘center’ Jatar ‘centers’
$e7 ‘rreasee’ seRer ‘measares’

and Ladefoged 1993). Spectrograms of medial single and geminate # are shown
in Figure 2.18, Note that thiz segment usually involves less than a complete
closure when it is single and intervocalic, but the geminate involves a full do-
sure. The IPA does not provide distinet symbols for voiced and volceless
epiglotial stops, having accepted the argument that the cavity between the
glottis and the epiglottis is Too small to permit volcing., We do not know of any
fanguage which makes sach a distinetion, but there are good reasons o con-
sider the epiglottal stop in Dahalo to be phonolegically voiced, for example,
other single voiced slops also tend to undergo lenifion when they are
intervocalic,

The larynx, among its many other functions can also serve as a place of ar-
ficulation for stops. Glottal stops occur in many languages. They frequently
pattern with other consonants as in the complex clusters of Tsou (Wright and
Ladefoged forthcoming), making it clear that glotial gestures must be taken
into consideration when discussing places of articulation that are possible for
stop consonants. We will exemplify glottal stops and consider their relation-
ships to other sounds in chapter 3.

-

pu 2 u

1,

8100 200 300 400 500 600 O 108 200 300 400 500 me

Fioure 2,18, Specirograms of infervocalic single and geminate ¥ In the Dahale words ndéde "floor”
and pra?s “plerce”.
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Lasily we must mention consonants made with more than one place of ar-
ficulation, involving twe simulianegus articulatory gestures. These gestures
will be discussed in chapter 10 which is specifieally concerned with multiple
gestures.

2.2. Contrasting Places of Articulation

We have now described some (we hope most) of the phonetic events that are
significant in characterizing the place of articulation (the moving articulator
and the target location for the movement in the articulatory gesturs} of con-
sonants. Table 2.10 summarizes the contrasts among the majority of the
articulatory gestures mentioned in this chapter that we know to occur within
languages. We have heard ali these conirasts ourselves, except for those in
Jagaru {Hardman 1966) and Kuvi [Zvelebil 1970}, which are accordingly
named in italics. In addition, we have heard some, but not all, of the contrasts
in Agul; the one italicized contrast is from Magometov (1967). If the 17 ges-
tures specified in table 2.1 are all individually contraliabls, each of them mright
be expected to contrast with each of the others. This would make a total of 134
possivle contrasts, for which only 80 have an exemplifying language in table
216, Our next task is to consider the status of the missing items.

Six of the missing slats on the chart are in the labiodental row and have been
marked ssssss. In this row the contrasts all involve fricatives. It would be comn-
paratively easy to name languages in which sibilant fricatives of different
kinds contrast with f or v, and so fill in these gaps. But, as we will see in chap-
ter 7, it is not always clear how the articulations in sibilants should be charae-
terized, so we thought it better to feave these sounds out of consideration at
this stage of the discussion. However, we do not consider the gaps marked
s5$555 0 be truly missing conkrasts.

Of the remaining 48 contrasts that have not been noted, 11 are associated
with missing linguo-labials (marked with ##44), and one with a MESBINE
epiglottal contrast (marked ****7). It seems likely that ali 12 of the missing con-
frasts associated with these gestures arve accidental gaps due to the very small
number of languages that contain exarmples of any of these possibilities. If it
had so chanced that, for example, Veren Taut had developed a giottal stop, or
one of the languages with an epiglottal fricative had aiso had a palatal frica-
tive, the gaps would have had a different distribution.

_ Similar considerations apply to the gaps associated with pharyngeal frica-
tives, marked ppppp. Agulis the only language we know of that definitely has
contrastive pharyngeal fricatives. As we noted, Arabic and other similar
languages are regarded as having epiglottai Ericatives. Even if the radical frica-
tives in these languages are cansiderd to be pharyngeal, they are not in con-
rast with epiglottal fricatives, as they are in Agul, and therefore would not
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serve to diminish the number of gaps in the tabie. There are 11 missing
pharyngeals (marked ppppp). but at least two could be filled in, a3 Aguil has
bwe sibilants which we are not considering at this point. Similatly in the
apiglottal column. we could have filled in the contrast in the laminal alveolar
row, if we had considered the Arabic sibilant s to be faminal alveolar, as it is
when pharyngealized (see discussion in chapter 10}

There are three cases, marked 7 1 v r, involving retroflex sounds, witn either
apical post-alveclar or sub-apical gestures. Ladsfoged and Bhaskararao (1983}
showed that some languages use one of these possibilities and others the other,
making this a reliable phonetic contrast. We conclude that the massing con-
trasts involving retroflex stops of either kind are also accidental gaps, due to
the fact that enly a comparatively small number of languages have these
sounds, Further evidence to this effect is provided by the case of Kuvi. The best
known languages with sab-apical retroflex stops belong to the Dravidian fam-
ily. Contrastive glottal stops do not occtr in most of these languages. 50 there
might well have been a gap in the chart for the { vs 7 contrast. But phonemic
giottal stops do occur in Kavi (Zvelebil 1970, Reddy, Upadhyaya and Reddy
1974}, & Kttle known Central Dravidian language, aliowing this gap to be filled
1.

Tt is not clear whether the remaining gaps are accidental or not. These geps,
wiich are marked with dashed lines, are associafed with the lamirai
interdental, apical dental and laminal alveciar gestures. Confrasts among
these gestures ave very rare. [n our own data. laminal interdental stops do not
confrast with either apical dental or laminal aiveolars; and these latter bwo ges-
tures contrast only in Temne and Limba. There is only limited evidence for
within Janiguage contrasts among apical dental, apical aiveoiar and laminal
dental sounds. We do not know of any within language contrasts of this kind

among plosives or nasals, although Albanian seems to contrast apical dental
end apical alveclar laterals (Bothorel 1369-70). The clearest evidence for the
necessity of distinguishing between apical dental and apical alveolar sounds
comes from the specification of the place of articulation in clicks. In many
Khoisan languages such as X683 there are two dlicks, symbolized § L We will
discuss these {and other) clicks more extensively in chapter §, but here we
should note that, at the moment just befcre the release of the anterior closure,
some speaiers have an apical dental contact for L and an apical alveolar con-
tact for 1. There is thus some evidence for a contrast between apical dental and
apical aiveolar sounds.

We must wow consider the guestion we asked eariier, namely, arg the 17
places of articutation we have been discussing discrete categories such that all
consonants fall into one or ancther of them, or do they simply stand as a set of
prototypes against which other articulations can be compared? Putfing this an-
other way we can ask whether there 13 a fixed set of larguage independent
phonetic categeries for places of articulation, or whether there 13 oaly a pho-
neti¢ space, definable in terms of general phenetic parameters? The answer 1s
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somewhere between these two extremes. The movesble articulators shown in
figure 2.1 are ihe basis for setting up a classificatory system in which there a;'E;
fve active ariiculator classes: Labial, Coronal, I}orsai: Radical and Laryzwea:l
Broader classes of this sort predict quite well the types of articulations tha? can:
be combined in complex segments, as Halle (1983) pointed out. We also note
that, in the normal Aow of speech, when segments drawn from two differert
articulator c‘la‘sses adjoin each other they will often overiap in their prod‘uc‘rio;
whereas adjoining segments from the same class tend to produce a blepdeé‘
arficulation. We have extended Halle's original set of three active a:ticu%‘ato;
ciasses 50 as to aliow a distinction between Dorsal and Radical arficulations, as
it is quite possible for epigiottal articuiations to oceur simultaneously with {v:::
lar articulafions. We have also added Laryngeal because of the similarity be.
fween giottal stops and stops made at other places of articuiation, and bégaase
giotia: SLops can co-ocour with ali the other possibifities. We will discuss the
various combw‘aations between these classes in chapter 10. but there is another
important prediction that the broad classification makes. In a very high pro-
portion of the world's languages, segments with the same manner -n?;xst he
drawn from different active articuiator classes. Thus a typical stog inventory is
far more likely o contain p, ¢ K rather than ttiorek q ey
The five distinct iypes of articulatory gestures based on independence of
articulators can be regarded as establishing a set of maior place features ”;ach
of the larger number of individual places we have been discussing Ic‘a; be
grouped under one of these major place features. as shown in ta’sie% i1 We
kave placed the linguo-labial place under the Coronal group, as %h&; at‘:tive
articulator in this case is the tongue biade. As this place carmc?:! be simultane-
ously comained with another Coronal articulation, the classification is anpm
priate. However, linguo-labial place carnot be combined with another Labial
articuiation either. There would thus be good reason to place it under the
Labial class a5 well. This case (Hustrates the fact that the béunda£i85 between
g!a;s&s are not rigid. Lik‘ewis:e, the nanibered elements in figure 2.2 and tables
%; ‘arzd 2,,'11 are rore like the modal possibilities ywithin sets of articulations.
U :g c::h:ifiy ‘I{siie_-:s f?r comjmonly Iounc% a:figuiatary pos‘sibiiitigs wjithin
. un the Labial range, articulations are typically bilabial or
leblodental In the case of stops, simple mechanical, physiclogical, reasons
make a bilabial ure 2 bet s ion Js likely to consi
gesture a better target as no population is likely to consist of
onty people with perfect dentition. But for fricatives, in which the physiology
fc:f the Ivm:ai tract aflows either a bilabial or lebiodenial gesture, the usuai ar-
teulation is oiten somewhere between the two with the lgwer Hp positioned ‘in
front of the upper teeth (rather than below them) so that air is directed up-
wards. In languages such as Ewe, in which there is a phonological cortrast
between these two possibilities. bilabial and iabicdental fricatives may be more
clearly distinguished. ’
ar:?c[:il; the E.ﬂm?ai‘ art‘iculat‘ions,fhere is a range of both lamingl and apical
t ons. Linguo-labial articulations can be made with varying degrees of
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Taile 2.1 The relatignship between the major place featizres and individusl placss of articulation

Lasial i- Eilabial
2 Labindental
3 Lirygmo-labial
EN Interdental
1. Laminal 3 Taminal dental
[ Laminai alveolar
SORNAL ¥ Larninal post-atvedlar {palatc-alvealar;
8. Apical denatal
i Apical 4. Apies] alveclar
iR Apical post-aiveolar
3 Sub-apical il Sub-apical palazal (retroflex)
Palatal
Dorsar 3. aar
14, Flwizlar
Fatias s Pharyngas
16 Epigioital
LAmyHCEAL 17, Glota!

tongue protrusion, invelving an articulation between the upper surface of the
tip or blade of the tongue and the upper lip. In these sounds there is usually
active retraction of the upper lip t¢ meet the protruded tongue, but some na-
tive speakers of languages contrasting these sounds ise very iittie upper lip
movement. In this case the gestures are very similar to some of the interdental
gestures that we have cbserved in Maiayvalam, in which the interdental nasal
involves not only tongue profrusion betwesn the teeth but also incidental
tongue conzact with the upper lip. There is thus some shading between linguo-
iabial and interdental articulations. Similarly the terms interdental, dental, al
veolar, and post-alveolar all refer to points within a continuurm rather than
discrete locations. As has been clearly shown by Dart (1991}, when examining
the results of a palatographic investigation, it rapidly becomes obvious that the
dental region is not clearly separated from the alveolar region; the upper edges
of the front teeth are curved, and blend into the alveolar susface. The location
of the alveolar ridge itself is also hard to defing; many peopie do not have
protruberances of the kind seen in textbook illustrations. In the case of Coronal
articulations there are two interacting continua, in that not only 15 there a range
of possibilities for the upper articulator, but alse the part of the tongue in-
volved may be anywhere from the underside of the blade of the tongue to
semewhere fairly far back on the upper surface of the blade. It might seem as it
it should be comparatively simple to determine at least an apical point within
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this range. But investigatars {e.g. Bladon and Nolan 1977) who have mied to
catggorize x-1ay data on articulations have reported that the apical-laminal
distinctlon is often by no means self-evident. In searching the literature in or-
der to find x-ray tracings representing these different possibilities we Lave
found similar difficulties.

Within the Dorsal region, arficulations ail involve gestures in which the
body of the tongue is raised. But some languages (.8 Yanyuws) may have an
articulation that is between what is usually called palatal and what s usually
calted velar, while velars in some languages are dearly produced further back
{eg Kwakw'ala) than in others; again there is a conlinuous range of possible
articulations within this category. Even among Radical sounds there are vari-
ous phonetic possibilities exemplified among different speakers of Arabic. We
have observed some so-called pharyngeal fricatives in which the constriction is
in the upper part of the pharynx, although in most cases it is closer to the epi-
glotiis,

Stevens {1973, 1989) has proposed that certain points within an articulatory
range are faveored in the interest of exploiting the best match between distine-
tve acoustic structure and the possible articulatory gestures. In this theory,
which he cails the quantzl theory, these favored places would be the modal
places of articulation. A related concep: is that some gestures are easier io
make than others for physiclogical reasons. The notions of ease of articulation
and auditory distinctiveness as Influences on the sphonetic structure of lan-
guages were suggested by Martinet {1964) and have been given considerable
prominence by Lindbiom (1990 and Lindbiom and Maddieson {1988). Consid-
erations of this kind probably account for the comparative lack of palawd
sounds among the world’s larguages. The quantal theory and somie ease of
articulation principle together may account for the preference for use of the
modal articulations listed in table 2.11, and for the preference for certain of
these articulations over others.

Ladefoged (1993} has suggested considerations that may be relevant in the
production of somre non-modal places of articulation. Fis notion is that in situ-
ations where there is a contrast between two similar articulations, speakers
will tend to use more extreme forms of the gestures involved. In this view, the
use of dorsal articuiations at non-modal places in Yanyuwa may be a response
i the linguistic pressures assoclated with conlrasting seven places of articula-
Hon. We will describe in the next chapter another example of what Ladefoged
{1990} viewed as the use of more extreme gestures due to the presence of a
confrast with a similar arbenlation i conmection with the distinetion between
bifabial and labiodental fricatives. If this view is correct, the situation for ar-
Heulatory gestures may be analogous to that described by Keating {1984a) for
Voice Onset Time. Keating noted that within the continuur of possible VOTs,
languages choose among three modal possibilities: voiced, voiceless
tnaspirated, and aspirated. She also proposed that there is a polarization prin-
ciple by which languages keep adjacent pairs within these possibilities further
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apart. She claims that this polarization principle causes the second possibility,
voiceless unaspirated stops, to be realized in two different ways. if a language
contrasts a voiced stop series with one other stop series, then that second series
will probably be slightly aspirated; whereas, if a lamguagfe contrasts an aspl-
rated stop series with one other stop series, the second series Wlil\pmbgbi}\r be
slightly voiced. We might also hypothesize that the same poﬁlarzzatt\lon principle
aceurs in the realization of some differences in places of arficulation.

o

Stops

in this chapter we will consider the stops that occur in the world’s languages.
Stops are the only kind of consonants that ocenr ip all languages. They may be
distinguished from one another by place of articulation, as we discussed in
chapter 2, and by variations in the glottal state, the airstream mechanism, and
the asticuiatory activity during onset and offset. They may also vary in length,
and possibly in strength. All these variations, which are suminarized in table
3.1, will be discussed in this chapter, except for those associated with nasality
and laterality {which are discussed in chapters 4 and 6, respectively). This
chapter also contains an account of the different types of glottal stops that have
been observed in the world's languages. We should also note that taps or flaps,
which might be considered to be very short stops, are discussed in chapter 7.
There is a separate discussion of dlicks (in chapter 8}, which are types of stops
in which an oral closuze plays 2 part in forming the airsiream mechanism.

3.1 Laryngeal Sething

Most languages have phonemic contrasts berween classes of stops which differ
in the mode of action of the larynx, or in the timing of laryngeal activity in
relation to the oral articulation. Differences of this kind may be considered to
be variations in the laryngeal setting. Because some of the terms listed in table
31 have been used inconsistently by different authors (ourselves among
them), it is important that we describe with some care how we intend them to
e understood in this book. We provide brief definitions in table 3.2. These will
be expanded and darified in the more detailed discussions that follow.
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Tnblz 3.0 Varations among stop consenants with example languages

LARYM{EAL SETTING

ATRSIREA M MECHANISM

ARTICULATIEN

LENSTH

SERenGTH

wiiced most ianguages
wiriceless moshjangnages
creaky veiced Hausa, Mazatec
s ff lingpho, Korean
{post-faspirated Dranish, Thai

{pre-aspiratee {eelandic, Gaelic
Breathy voiced Hindi, Marathi
clack Tavanese, Wa

afl janguzges

puimonic {piagive)
Flaida, Uduk

[voiegless! gjecive

voiced impiosive Izbo, Sindhi

viiceless implosive Igbo
duringonset pre-nasaiized Fijian, Fuia
during offset affricated German, Navaje

nasally released Yeletnye, Arrernte

latevaliv released Navajo, Mixtec

long Luanda, Pattani Maley
articulsiory force fortis Agul

Korean

respiratory force

Table 3.2 Short definitons of terms used in this book concerning variations in the laryngeal safting

WAL vice

VICELESS

ASFIRATER

BREATHY V0L
Lo MURMUR)

L AL VO

CREAKY VOICE
(= LARYNGEALIZED}

STIFF wiuCE

Regutar vibrations of the voca folds at sny frequancy within the speaker’s
noermal range.

N vibration of the vogat folds;
arytencid cartiiages usuaily apart {bus they may be together, as for 2}

Having 2 greater rate of airflow than octurs in modal veice For a period
before or after a strickare;
aryteraid cartilages may be farther apart than for voiceless sounds.

Yocal foids vibrating but without appreciabls comtacs;
aryiensid cartilages further apart than in modal voice;
higher rate of alzflow than in modai voice,

Woeal folds vibrating but more loosely than i medal voics;
slighily higher rate of aieilow tan in modal voice.

Vocal folds vibrating anteriorly, but with the arytenoid cartilages prassad

togather
considerabiy lower rate of airfiow than in medal vaice.

Vocal foids vibrating but more siiffiy than in modal voies;
sghtly lower rate of airfiow then in modal voice.
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The detailed study of vocal fold activity shows that it is a very complax
phenomenon abpu‘: which much stll remains to be learned. Most of the tim‘e
when someone 1s speaking, the vocal folds are vibrating in one or other of
several possible modes. These modes vary according to how closely together
the folds are held. It is useful to divide the continuum of shiffing modes o‘f
vibration into a number of steps which will be discussed below. ﬁi"w state in
whiC%l vibration oceuss is a form of voicing. Vibration can be srevented by
opening fche' giqttis widely enough so that the folds are too far ap‘art to vibrate,
or by pressing the folds together, as for a giottal stop. Vibration will also fail
to occur if subglottal pressure is too low (e.g. the speaker is out of breath)
or supraglottal pressure is too high {e.z. because air is impounded in the ca="ag
cavity by an articulatory closure), even if the vocal folds are in a pos%tic;r; tr:al
would induce vibration under other conditions. In these latter sifuations vocal
fold vibration mav be absent from some part of a spoken utterance without
ary alteration from a laryngeal setting appropriate for vaicing havir;g oo
cux;efj_. 48 a result there is a conflict bebween an acoustic and an articulaio
definition of voicelessness. For some linguists, voicelessness invariably impii?sr
ar open glottls, whereas for others it means the absence of vibration, whether
pmciucec_l by active laryngeal control or not. Since stops, by definitior! are pro-
duced with 2 supraglottal articutatory closure {unless they are gioté} stcp 5)
It 3t important to bear this distinction between active and passive devoic?né
m mmc% as we describe the phonatory differences that accompany their
production. o

We will recogrize five steps in the continuum of modes of vibration of the
glottis, starting from breathy voice ~ the most open setting of the vocal folds in
which vibration will ocour, passing through slack voice, modal voice, and stiﬂ;
v?me,_and ending with creaky voice - the mosi constricted settingrin which
varatg}n will eccur. An open voiceless state, in which the vocal folds are ;wg
':?1?rat1ng because they are t0o far apart, may be zegarded as the extension of
this continuum in one direction; and glottal closure, in which the vecal folds
are even more tightly together than in creaky voice, may be regarded as aﬁ
extension in tbc other. We have chosen to name only these seven major pho-
refic categories, which, generally speaking, will be sufficient ‘o Enéﬂle 1?: -tc
deseribe the surface phonetic contrasts that we have observed: but we ;wobuld
also emphasize that there is a continuum of glottal opening }and a different
number of steps might have been named. ] o e

& further term that needs to be noted is aspiration; in at Jeast some cases
vmce}ess aspiration invelves a wider opening between the vocal folds than oc
cars for open vaiceiessness. This position can be considered as vet a furt}:er
step along the continuum of vocal fold opening. However, aspiraEiep invclm;s*s
matters of refative tHiming between laryngea) and oral articuiationsh and the
X*ﬁcier opening can be viewed as an aspect of the control of this timing We will
‘a’ez;Irn to this issne in the detailed discussion of asplration below, - ‘

ote that we are not distinguishing between murmur and breathy voice, nor
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between creaky voice and jaryngealization. These pairs of terms have been
used somewhat confusingly, and it seems best not to try to attach specific
meanings to sach term. We may approximately quantify the differences be-
tween the phonation fypes by comparing the rates of airflow through the glot-
tis, assuming no significant supraglottal constriction is present. For a maie
speaker with a subglottal pressure of about 8 e 20, during an open voice-
fess sound there may be a flow rate of as high as 1000 ml/s {(niflititers per
second); breathy voice will have flow rates nearer 500 mi/s; slack voice might
be approximately 250 ml/s; modal voice is usually around 120 ml/s; stif voice
around 100 ml/s; and creaky voice even lower. Obviously, when the gloftis is
closed there is no airflow.

Madal volce

We will discuss each phonation type in turn, beginning with modal voice, The
physiclogical position for modal veoice can be regarded as one in which the
arytenoid certilages are in a neutral position for speech, neither pulled apart
nor pushed together (Stevens 1988). The vocal folds would be very slightly
apart, if there were no air flow. We assume that the same DOSHION a8 GoouTs in
ordinary voiced vowels and in voiced continuant consonants such as nasals 1§
normally maintained in siops that are phonologically voiced. It is well known
that in some languages, English being a familar example, the vocal folds may
not vibrate throughout the closure for a voiced stop. Even when surrounded
by other voiced sounds, such as vowels, the vocal fold vibration often ceases
shortly after the closure is made and only resummes shortly after the closure i3
relessed. Most English speakers appear to leave the vocal felds in a constant
position throughout sach & sequence, but passive devoicing occurs as the
supralaryngeal pressure builds up behind the oral closure. There are a number
of maneuvers that can be made to assist the confinuation of vocal fold vibra-
tion during an oral stop closure by expanding the size of the cavity behind the
locatien of the closure; these inciude a relaxation of the cheeks and other soft
tissues around the cropharyngeal cavity so that the pressure will passively ex-
pand the volume, as well as active gestuyes, such as moving the arficulatory
constriction forwards during the closure, moving the root of the tongue for-
wards, Jowering the jaw, or lowering the laryrx (Hudgins and Stetson 1935,
Bell.Berti 1975, Ohala and Riordan 1979, Keating 1984¢). Some English speak-
ers utilize such gestures ro a sufficient degree to produce vacal fold vibration
during their voiced stop closures (Westbury 1983), but similar gestures are of-
ten executed by speakers producing intervecalic phanologically voiced stops
without sustained vocal fold vibration {noted by Kent and Moll 1969). Flege
{1982} has shown that the variation in the time at which vacal fold vibration
ctarts riear the release of utterance-initial voiced stops in English does not de-
pend on how long before the release the vocat folds are adducted. The target
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Figure 3.1 ISE?c?ctrG gram of the dwana word budda “pelican’ showing vecal feld vibragion during beth
utterance-initial b and intervocaiic geminake d4d. o

for voiced stops in English can therefore be said to include the maintenance of
a position: of the vocal folds appropriate for voicing, but not o require the
empioyment of other strategies to sustain vocal fold vibration.

In contrast to English and several other Germante languages, a considerabls
number of languages have voiced stops which require more energetic efforts to
produce sustained vecal fold vibration. $uch langeages include well-known
ones such as French and Thai, as well as more obscure ones such as Ilwana, In
languages qf this type, the target in the production of voiced stops must'be
clefmed_as including the presence of actual vocal fold vibration through the
articulatory closure period. Figure 3.1 shows the word budda ‘pelican’ from
I}m‘:ana. This word contains an initial veiced stop and an intervocalic geminate
voiced stop which are both produced with full vocal fold vibration. Th*s oc-
curs despite ?%?e fact that these are both positions in which sustaining vc;icing
;?E;;iz ggg;z;ular additional effort, as has been shown by Westbury and
§hin seme of the.ianguages in which sustained vocal foid vibration is part of
the farget for voiced stops, the downward movement of the Jarynx and the
other cavity-enlarging movements used are sufficient to actually z:arefy the air
i the oropharynx. On the release of the oral closure, some inward airfiow oc-
curs. That Is, there is a continuum between fully voiced stops and implosives
We wili discuss this latter type of stop more fully below; here we mezely waz\;
to note that implosives and fully voiced stops are not the same thin g For ex-
ample, they confrast in llwana, as a comparison of the intervocalic stops in
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Figure 3.2 Spectrogram of the iwana word hady “spred’.

figure 3.1 and figure 3.2 iilustrates. We do want to emphasize, however, that
voiced stops will have a range of acoustic patterns. But, as far as we know, no
language makes use of the difference between stops with the same laryngeal
setting for voice but differing solely in the presence or absence of gestures to
sustain vocal fold vibratien. Thus, although English and flwana voiced stops
are different, this difference is not one that is available for meaningful contrast
within a language.

Of course, a phonologically voiced stop will not necessarily maintain the
same laryngeal articulation in all positions. For example, there are phonologi-
cal processes that result in changing a voiced stop in a particular environment
into its voiceless counterpart. Rules of this type are well kaown in German and
Russian. Phonetic studies indicate that such processes often show some
gradience. But the acoustically measured variation in the voicing of stops in
languages such as English probably does not reflect varjation in the actual
iaryngeal setting.

Voiceless

The great majority of languages of the world have a series of stops in which the
vocal folds are not vibrating because they are separated by too wide an aper-
ture. In stops of this kind in intervocalic position, it is gquite commen to find
that the vocal folds conlinue to vibrate for a short time afier the oral closure is
formed. This is because the folds have not vet separated widely enough by the
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ame the eral closure is reached. A combination of factors, including the active
glottal opening movement and active and passive factors affecting the airflow
through the glottls will determine the actual moment at which vibration
ceases. )

Most languages with only a single series of stops {from the point of view of
saryngeal setting) are reported to have voiceless stops (Maé.diesog 19684a We
suspect, however, that there may be two major types of stops invelved. 11_1
come languages, such as the Polynesian group {(Hawalian, Maori, Tongan, etc}
actual vocal fold opening seems to be required; in othars, such as most of the
Australian languages, the stops may be produced with no actual opening re-
q;zired, with vibration ceasing due to iack of efforts to sustain it Acoustic
messurements on intervocalic coronal stops of five speakers of Tiwi {Anderson
ard Maddieson 1994} showed voicing continning for approximately 50 ms af-
ter the oral closure is formed; this is longer than usually seen, and congistent
with models of passive cavily expansion. Comparisons are diffienls, but clo-
sure durations may be typically longer in Polynesian than in Australian lans
guages, and Australian stops seem to be more prone to having voiced varants.

Creaky voice (laryngealization)

Creaky voice is the term we will use for a mode of vibration of the vocal folds
in which the arytenoid cartilages are much closer together than in modal voice,
Creaky voice also involves a great deal of tension in the intrinsic laryngeal
musculature, 50 that the vocal folds ne longer vibrate as a whole. Sometimes
the parts of the vocal folds close to the arytencid are held too tighily together
to be able to vibrate at ail; on other occasions the ligamental and arytencid
parts vibrate separately, so that they are out of phase with one another. This
can produce pulses with alternating high and jow amplitudes. If they are al-
mest exactly 180° out of phase with one another they may produce an apparent
increase, often an approximate deubling, of the rate of occurrence of glottal
pulses. Languages that exploit some form of creaky voice in the production of
stops are areally diverse. They are reported to include Sedang and Pacch
{Austro-Asiatic); Laklda, Sui and Lungchow (Kam-Tai); Lughara (Nilo-Saha-
rany; Sormali {Cushitic); Hausa, Bura, and Ngizim {Chadic); Karok (MHokan);
and Wapishana (Arawakan). We have not heard all these languages ourselves,
5o we are aet sure if each of them uses what we would term creaky voice. The
published descriptions suggest that there is some variation: in some of these
languages the series of siops in question s described as preglottalized, while in
others they are compared to implosives. There does seem to be a range of tim-
ing options for the relationship between the laryngeal constriction and the oral
articulation. In some languages the laryngeal constricion occurs eazly in rela-
ton to the oral closure, whereas in others it is more delayved. There is aiso
variation in degree of the gicttal constriction invelved.
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Figure 3.3 Waveformns of conssriant closure and portions of adjoining wowels iz Hie Fils utlerances
a dart “he steod (top) andé o da:nike "he slept {bottom), as spoken by a male speaker from Galnée,

Ab one end of the range of timing options are the laryngealized stops of
Serer, in which the larvagealization typically consists of a very rapid change
from normal veicing to 2 glottal stop, followed by 2 rapid change back to nor-
mal voicing again (Ladefoged 1968}, The glottal stop usially ocours a few mil-
Hseconds before the consonant dosure is made. This form of creaky voice is
reminiscent of the glottal catch that occurs in Danish. In this language many
words have a brief superimposed glottal constriction known as 2 sted. This is
clearly not a property of particular stops. It is a suprasegmental or prosodic
feature which applies to words as a whole. A full account of the Danish sted is
iherefore outside the scope of this book, in which we are Hmiting the discus-
sion to the segments of the world’s languages, but a comprehensive descrip-
tion has been given by Fischer-Jargensen {1987).

A creaky voice type of vocal fold vibration persisting through the closure of
& stop is often observed in Fula, a language guite closely related to Serer. The
distinction between modally voiced and creaky voiced stops is dlustrated by
the waveforms in figure 3.3. Both these closures are of short duration, about 50
ms, and contain approxamately five full voicing periods {L.e. they are similar in
fundamental frequency). There are two main differences to note. In the mo-
dally voiced stop the amplinade of the vibrations decreases over time, whereas
the creaky voiced stop shows a generaily increasing amplitnde pattern. The
modal voice pulses are simpler in shape than the creaky voiced pulses, which
show a mincr pulse between the major ones. The difference in the amplitude
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patterns may indicate more cavity expansion in the creaky voiced stop than in
the medally voiced one, perhaps with larynx lowering playing a role. The dif-
ference in the pulse shape is an indication that the laryngeal setfing iself is
different in the two cases.

In other languages the laryngeal constriction occurs closer to the release of
the cansonant. Voicing may be irregular or absent during the closure, and the
first few periods of the vowel foliowing the releass also show non-modal veic-
ing. We will iltusirate a similar phenomenon when wa discuss different types
of implosives.

Stops with areaky voice can be considered to be at the intersection of three
different continua. One concerns the degree of glottal constriction invoived:
this varies along a continuum from modified voidng to a simuitaneously pro-
duced giottal stop. The second corcerns the timing of oral and laryngeal move-
ments; this s a continuwm from a single segment such as d to a sequence such
as 47 o1 ?d. The third concerns oropharvngeal exparsion; his is a confinuum
that links modaily voiced stops to implosives. We will return to these perspec-
tives as we discuss co-produced glottal stops and airstream mechanisms be-
fow. On the first continuum an intermediate state belween modal voice and
creaky voice can be labeled stiff voice.

Stiff voice

We are using the term stiff voice to denote a slight degree of laryngealization
which may be associated with a contraction of the vocalis muscles. Stavens
{1958} has suggested that sHff voice is a distinct state of the glott's. We have
found that it is often difficult to say when the degree of muscular activity is
sufficiently great for a sound to be considered to have stiff voice as opposed to
modal voice. It is also often difficalt to distinguish between stiff voice and
creaky voice, both of them being simply states of increasing glottal consiric-
tion, within a continuum of this kind. There may be guantal states of the gloitis
as suggested by Stavens, but they are not easy to determine in practice. It is
also true that there are no linguistic grounds for pestulating 2 greater number
of types of stiff or creaky voice. Languages contrast modal voice with no more
than one degree of laryngealized voice. Nevertheless there are occasions when
there are clear phonetic differences between siff voice and the kinds of creaky
voice that we have been considering in the previous section. There are a
number of fanguages with stops that have a slight degree of laryngealization.
A good example is Thai, which has a three way contrast among stops as shown
in table 3.3, in which the pair of segments usually symbolized b, d are often
profounced, with stiff, or even creaky, voice at least during the onset of the
closura,

A languaga using a different variety of stiff voice in consonants is Korean. In
word-initial position this language has three different sets of voiceless stops,
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Taile3.3 Comtrasts invohing stops with three different laryngeal sstiings in Thal. The voiced stops
may have & sightly 36if voice, hete symbolized witl a subscript [ ]

BrLakal Deherar AFFCATED VELAR
ALVEOLAR
VoIt ba: da
‘crazy’ to curse’
Woeosless pE: fa: femn ka:
UM ASTIRATED “gunt’ Eye ‘dish oo
VincaLEss g 55 teha:m k3.
AGFIRATED ‘wlodr arding place’ “howl’ Teg”

Table 2.4 Contrasts between the three sete of stops i Korear. The stff veiced stops are rranseribed
P"..l {ﬂ-‘ k’-

Blramat PEvTaL AFFRICATED VELAR
SOETALVECLAR

ASHEATID phul thal tfha kMan

Tgeass ‘mask’ “tea args”
UnatpiRaten pul tal tia kin

‘Ere’ “moon ruler’ ‘measare ob weight
STFFWOISE ptal t*al 1f*a k¥in

"herm’ “davghier ‘salty” ‘eope’

as shown in table 3.4 These three series ave sometimes described as being
aspirated, unaspirated lenis, and unaspirated fortis. The fortis series of stops
differs from the other two series in a number of ways, but, as has been shown
by Dart (1987) many of the obzerved differences can be atiributed to the laryn-
geal activity associated with the stff voice position of the vocal folds. Thus
there is a higher Fp ai voice onset after fortis stops than after lenis stops. In
addition, voice onset after fortls stops is very sharp with zelatively undamped
harmenics in comparison with {he lenis stops (cf. also Han and Weitzman
1970, Hardcastle 1972}, which is due in part to the increased tension of the
vocal foids.

Kagava (1974} has also noted that the three Korean stop types have very
differert laryngeal adjustments. He showed that, for utierance-initial stops,
during ciosure the maximum glottal opening is largest for the aspirated stop,
mtermediate for the lends stop, and smallest for the forfls stop, and the Hming
of the laryngeal gesture relative 1 articulatory release varles between these
stops. For the aspirated steps, release generally occurred near the moment of
maximal cpening of the glottis. For lens stops, although the glottis was still
cuite open at releass, there was a more or less continuous decline in glottal
area throughout the ceclusion. On the other hand, during the fortis occlusion,
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Figure 3.4 Datz redravn from Dart {1987) and Kagaya (2974} llustrating contrasting unaspirated
steps in Rorean. [t should be emphasized thal the data combined here were taken from ditferent
ubieranices. and may net tuly represent any singls speaker.

the vocal folds came together well before release. Forfis closures were also con-
siderably longer than the lenis closures. We shouid also note that Dart's evi-
derce from modeling indicates tenser vocal tract walls for the fortis stops, and
a more rapid ncrease in respiratory musde force. Some speakers may exhibit
laryrx lowering or other supraglottal cavity expansion just before releasing the
fortis stop. It is apparent, therefore, that the Korean forfis stops have many
distinct phonetic characteristics, a particular laryngeal setting being oniv one
of them. Data from Dart (1987} and Kagaya {1974) Hlustrating the unas:pf:ateé
contrasts ave given in figure 3.4,

Breathy voice {murmur)

Justas itds convenient to distinguish between stiff voice amd creaky voice, 5o it
1s aiso convenient to distinguish between slack voice and breathy Voice, using
the term breathy voice io describe sounds that have a higher flow rate and a
sooser form of vibration of the vocal folds than occurs in the sounds with slack
velce, which will be described in the next section.

Breathy voice is most readily audibie as a distinguishing characteristic of
stops only during the release of a closure. The most well-known stops that
have breathy voice during their release are those that oceur in Indo-Arvan lan-
guages such as Hindi and Marathi. However, stops of this kind also ;JCC;.!I in
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Tuble 3.5 Words illustrating confrasts batween stops with breathy voice and three other larvngeal
settings in Hind}

Bieastar DlEniras Rerneriex Patavas VELAR
Vg ek pal tal tal tiel kan
UNASPIRATED ‘take care of “beat’ ‘pestpone’ “waik’ “ear’
VHCELESS poal pant| t"al 1i"e kan
ASFIRATED ‘knife biade’ "plate’ "wond shop” 'Geceit! ‘ming’
Vosen hatl dal dal dzul Gan
“hair’ “tenti¥ “hranch’ “water ‘song
VoiED bfal diar 4851 dzfel ghan
ASHMEATED ‘forehead’ “knife” ‘shigld’ ‘alimmer’ Tandis’

many other language families in the same general area, including Dravidian
languages such as Teluga, Tibeto-Burman languages such as Newari, and
Austro-Asiatic languages such as Muondart. Breathy volced stops also occur in
a nuinber of African languages, some of which will be discussed below.

Words hustrating the stop contrasts in Hindi are given in table 3.5, Dixit
{1989} has shown that the breathy voiced plosives in Hindi have less activity of
the cricothyroid muscie, reflecting a relative slackness of the vocal folds; a
moderately open glottis {about 30 percent of that used during aspiration); a
high rate of oral airflow; a rapid and brief drop in subglottal air pressure (a
feature shared with voiceless aspiration); random distribution of noise in the
regions of the npper formants of the following vowel, but with vaice also
present, and comparatively greater concentration of acoustic energy at the fun-
damental freguency than at the second harmonic. Verv sinilar results are ze-
ported by Kagaya and Hirose (1973) and Benguerel and Bhatia (1958) for Hindi
and by Yadav (1984} for Maithill. Their most important findings concem the
timing of the glottal opening. As iHustrated in figure 3.5, both voiceless and
breathy voiced stops are characterized by an abduction of the vocal folds. In
the case of the volceless stops this starts about 80 ms before the release, making
it approximately sirnulianeons with the formation of the closure. For the
breathy veiced siop the glofils beging opening at about the mid-point of the
duration of the orail closure and reaches its maximmum at the time of the release
of the stop closure,

A consequence of this fiming is that breathy voiced stops in Hindi and many
other Indic languages are acoustically distinguished from plain voiced stops
by what happens after the release rather than by audible differences during the
closure. A breathy voiced stop foliowed by a vowel shows an acoustically
notsy but pediodic interval as the glottal gesture overlaps the articulation of the
vowel. The spechograms in figure 3.6 Hlustrate this contrast in the Hindi
words bal ‘hair’ and bflal 'forehead’. During the voiced stop on the Jeft of the
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Figure 3.5 Glottal aperture in Hindi stops, based on fberopic data in Kagaya and Hirose {1975).
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Figure 3.6 Spectrograms ifustrating modal and breathy voiced stops in the Hindi words hal "hair’
and ¥Pal ‘furehead”.

figure there are vocal fold vibrations throughout the stop closure which con-
finue on into the vowel. During the breathy voiced stop on the right
of the figure there are also vocal fold vibrations in the first part of the closure,
but they become lower in amplitude towards the end as the vocal folds come
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Takle 3.5 Words illustrating contrasting bilebial and alveclar stops in Owerri Igho {from Ladefomad,
Witliamsorn, Ehughe and Uwalaka 1878)

WICELESS UeASiRATES ipa b ey

VOICELESS B4TLOSTVE ifa 1o gather’ ida o chew”
VOIcEL £25 ASPIRATRD ip'a “to sguseze’ ita "to blams’
YoIcED i ba w0 get rich 1da "t gasd’
BREATHY VOICED 1hfa ‘to pesl’ Pd%  tefald
VOIER RAPLOSIVE i Ba “to dance’

further apart. For a period of about 100 ms after the closure there are breathy
voiced vocal fold vibrations. It has also been shown that voweis before breathy
voiced stops tend to be a lttie longer than before modally voiced stops
Maddieson and Gandour 1977), which may assist in maintaining the percep-
rmal distinction between them,

The breathy voiced stops that occur in languages outside the Indian sub-
continent are somewhat different. For example, Owerrl Igbe has a four-way
stop contrast that is nominally similar to that in Hindi, {Owers Igbo also has
piher contrasts invoiving the glottalic airstream mechanism which we will dis-
cuss later.) Table 3.6 (from Ladefoged, Williamson, Elugbe and Uwulaka 1978)
shows a set of contrasting stops in this Janguage,

Aserodynamic data illustrating Igho bilabial stops is given in figure 3.7, Here
we will focus on the breathy voice stop, but we will first comment briefly on
the other pulmonic stops. As in Hindi and many other Janguages these sounds
contrast it Voice Onset Time (VOT). In the case of the aspirated stop pf, the
airflow record indicates that immediately after the release of the closure there
is a burst of air without vibration of the vocal folds; in the unaspirated stop p
the veicing vibrations start the instant the closure is released. The pressure
record aiso shows that at the onset of both these voiceless stops the speaker
continues the voicing for a short period of time after the closure of the lips. A3
noted earlier, this sort of delay in the voice offset time in voiceless stops has
been observed in other languages, including English (Ladefoged 1967). The
pressure and larynx microphone records also show that voicing occurs
throughout the closure for the voiced stop b. The implosives in figure 3.7 will
be discussed later in this chapter.

In the case of B the pressure record shows that the vocal folds are vibrating
throughout the closure, and the airflow record shows a slightly higher than
normal fow rate immediately after the release of the closure. In all our records
of this language, the difference in flow rate between the voiced and the breathy
voiced stops is not very grest, but it is sufficent to indicate that during the
release of the breathy voiced stops the vocal folds must be slightly further
apart {in texms of the distance between the arytenoid cartilages) than they are
during normal voiced sounds.

The change from breathy voice to regular veicing often occurs after only a
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Figure 37 Aerodynamic records of six Owerd Igbo bilabial stops.

few vibrations of the vocal folds. It is very difficult to say exactly when the
Ehange occurs from data such as the aerodynamic records in figure 3.7
wpectrograms such as those in figure 3.8 are a litfle more helpful. This figure
SROWS the pronunciation of the voiced velar siop ini ga “to go’ on the left, and
the breathy voiced velar stop in 7 gfa “to thread’ on the right. The voicing
throughout the ciosure is evident for both stops. Specirad components corre-
spending to periodic vibrations of the vocal folds can be seen in the lower fre-
quencies {near the base line) throughout this interval. As in Hindi, their ampli-
tude decreases during the ¢insure for the breathy voiced stop. The waveform
of the breathy voiced stop has greater amplitude in the burst, because of the
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Figure 5.8 Spectrograms ilusirating voiced and breathy voicsd velar stops a3 produced by 2 female
spaaker of the Owertl dlalect of Igbo, ’

greater oral pressure that is being released. Adfter the release, the interval in
which there is obvious breathiness is somewhat shorter (about 30 ms) than in
the Hindi stop shown in figuve 3.6. For this speaker the breathy interval is
clearly detectible, but other speakers only a very small difference hetween the
breathy voiced and the regudarly voiced stop. Generally speaking, the breathy
voiced stops in Owerri Igbo appear to have a shorter breathy voiced period,
and to have stronger voicing than the corresponding sounds in Hindi and
other Indo-Aryan languages. We have no dafa on the degree of opening of the
glotts, but we would expect the glotial area to be less in Owerri Igbo breathy
voiced stops than in Hindi breathy veiced stops.

In these Igho sounds it seems that even during the stop closure the vocal
folds are vibrating more loosely than in the regularly voiced scunds. This fact
can be deduced from the oral pressure records which show consistent differ-
ences between breathy voiced b and regularly voiced b. In most cases {see
Ladefoged et al. 1976), the aral pressure reaches a higher value towards the
end of the closure in bR than in b, We must conclude that during the closure {as
well as during the release) the vocal folds are vibrating more loosely in the
breathy voiced stops, 50 25 to allow more air to flow through the glottis into the
mouth in a shorter period of time. The cosure duration of the breathy voiced
stops is also shorter than that of the voiced stops, which may be an indirect
result of the differences in oral pressure, '

Yet another kind of sound that might be thought to involve breathy voice
occurs in Zha'hoasi which has contrasts as shown in table 3.7 The initial stops
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Tablz 3.7 Words iilustrating some contrasting sings in Zhal hoas:

BilamAL ALVEDLAR VeLan
YOICER ba da gaba
“father’ 'skin {bianket)” ‘walk pigeon-toed
VoestEss pabuy ta kahi
NASPIRATRR ‘puff addey “witd arange’ ‘inspect a trap”
ASPIRATER piepe thig kiaha
‘glution’ ‘beesting’ ‘o descend’
Normn- ML bpte dthy gkbars
ASFIRATED “to spit out’ “Blanjeet’ bed’

in the last row are transcribed bh, dh, gh by Snyman {1975) and thus appear to
be similar to those in Hindi, In fact, they are something more unusfzai. As
Snyman himself has shown, Zhal'hdast has a considerable number of Congo-
nant clusters that have the first element voiced and the second voiceless. The
initial consonant sequences In the last row of this table are examples of such
combinations, We will return to the topic of cbstruent clusters with mixed
voicing in Zhuf'hbast in our discussion of ejectives.

Slack voice

As with stff voice, we should note that slack voice designates a region within
the continuum of glottal aperture. In this section we will conisider stops with
slack voice. These stops have a sli ghily increased glottal aperture beyond that
which octurs in modal voice, and a moderate increase in fow. When thereis a
consiflerable glottal aperture and a high rate of flow of air while the vocal folds
are vibrating, we will say that the sound is prononnced with breathy voice, as
discussed above. J
Ore type of slack voice occurs in Javanese, which has contrasting pairs
of what we will call slack and stiff voiced stops at the bilabial, dental ret'x;ov
flex and velar places of articulation, as shown in fable 3.8. Fagan (195’58} has
noted that these stops have been called light versus heavy, tense versus lax
voiceless unaspirated versus voiceless aspirated, and as%irated VErsus un—r
aspirated. In initial position neither the stiff nor the slack voice stops have
vocal fold vibration during the closure. Hayward {personal communication)
Awestigated these sounds using fiberoptic techniques. She found that t‘né
AIyteroids remained close together during the closure for the stiff voice stops
much as they do in Korean. The stiff and slack voiced stops differ in that ‘zhé
opening between the vocal folds is noticeably preater for slack voice. The
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fable 3.8 Contrasts invelving stops with siiff and siack voice in Javanese, [n this table slack veiced
stops are represendad by the regular voiced symbols with an added subseript [ ]

ST3FF VOICE paku tamu isari? fitid kall
‘nail’ ‘guest’ ‘piece {of paper]’ ‘liggle’ river’
St Ak voiC baku daemn dzarit disi? gali
‘standasst’ “Blow’ ftyoe of women's “first ‘o dig’
clathing}

Tablz 3.4 Contrasts invelving siops released with slack voice in the Shanghai diaters of Wu Chiness.
Ir: this table slack voiced stops are represented by the regular voiced symbels with ars added sub-
sceipt [, ]

ALPIRATIR pinl  wsitke’ M ‘heaven’ kP42 ‘competence’
NASRRATED paT  ‘hundred {17 (partclel ko?  ‘romer’

= ’, I . s 3 T - o -
BLATK VT BA7?  ‘white Al ‘sarth 987 ipossessive marker}

acoustic difference befween these two sounds is manifested at the release.
After detailed acoustic analysis, Fagan concludes that the systematic acoustic
difference between the pairs of stops bes in the frequency of the first formant,
and in the phonation type at the onset of the following vowel (Fagar 1988: 154~
5y, Qur own investigations have also shown that the stops with slack voice
exhibit a lowered F1, indicating that larynx lowering occurs. In vowels fallow-
ing these stops, there is & lower FG, and a reduction of energy in the upper
frequency range of the spectrum, a notable acoustic property of vowsels with
slack or breathy volce {see chapter ). Hayward (personal communication} also
noted a slightly longer VOT for the slack voiced stops, reflecting the greatey
opening between the vocal folds,

Siack voice also occars in the so-calied lenis consonants in Wu dialects of
Chinese, such as Shanghal, where the plosives occur at the bilabial, dentai and
velar places of articulation. As shown in table 3.9, there are three series of stops
in this language. One zerles ig plainly aspirated. The difference between the
other two series has been the subject of some debate. Some accounts view one
series as voiceless unaspirated and the other as voited during closure and re-
iease, but with the release accompanied by weak volced aspiration; other ac-
counts regard the latter series as voiceless during cJosure with some volced
breathiness following. We follow Cac and Maddieson {1992}, who indicate
that the latter account Is more appropiiate, in that the issue is determined not
so much by whether the stops are voiced or voiceless during <losure, but
rather by a phonation difference at the release of the stops. The so-calied
voiced slops have siack voice offsets, a guality detectable in the onset of the
foliowing vowel, whereas the other voiceless stops are not at all breathy in the
comparable portion. Figure 3.9 shows the contrast for the bilabial stops. The
spectrograms in the lower part of the figure indicate that neither of these steps

65

2o |
T0- U
ok 11
so- 4 ¥ i )
a0 WAL
* b

20
10

i

!

i
/ 2@% J

¥

{ { ! | |
0 1000 2000 3000 Hz

-

P

L

0 100 200 300 400 500 o lé(} 200 36}0 400 5(’:}01115

Fagurf\ 4.9 Spectrograms and powsr spectra Hlustrating the difference between Wu Chinese
weaspirated stops. The words are ps “half and bs bowl spokenby & female speaker fro

11 Shanghai.

5 voiced; in both words vocal fold vibration starts 20-30 ms after the stop
zelease,' Tl}e power spectra (4 kHz) of the first fow periods {30 ms) of the
}Io:v:ei in the upper part of the figure show that the difference in amplitude
between the second formant and the fundamental is greater for the lenis stop
mdzcaf{ng that it has a more breathy voice. Breathy voice is typically markecg
by a refative decrease in the amplitude of the harmonics in the middle and
upper parts of the spectrum. While the phonolagical contrast may be thou ght
of a5 inherent in the consonants, the clearest manifestation is in the following
vowel. There is also a greater random noise component in the breathy
spectrurn. )

As Is apparent from the preceding discussion, thers are many differences in
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the forms of slack voice that we have been considering, In Javanese there is a
form of slack voidng in stops that is phonologically contrastive with some
form of stiff voice. In Wa Chinese there is & three-way conirast between stops
with slack voice, and both voiceless aspirated and unaspirated stops. The dis-
tinguishing aspect of the vocal vibration can be called slack voice in each case,
in that in all these seginents the vocal folds are vibrating moere loosely, but the
arytencid cartilages are not drawn apart as they are in breathy voice.

Asprration

Voiceless aspirated stops are too well known to need much discussion herg
and, indeed, they have already been illustrated in the tables of conirasting
stops in Thai, Korean, Hindi and Igbe, and in figures 3.5 and 3.7. In Hindi, as
Dixit and othexs kave shown, veiceless aspirated stops are produced with a
glottal opening gesture that begins at about the moment that the oral closure is
made and reaches its maxdmum at about the moment that the oral closure is
released. This fs in contrast to the unaspirated voiceless stops. In these the glot-
tal opening begins at about the same time, buf the maximum is reached at
about the mid-point of the oral closure duration and the vocal folds return to a
voicing position again at about the moment of release. In the aspirated case the
maximum width of the glottal opening is also much greater than in the
wnaspirated voiceless stops. There are two ways of interpreting this greater
widih; it can be seen as the essential aspect of the production of voiceless aspi-
ration, that is, aspiration is an extra-wide opening of the vocal folds (Kim
1965), or it can be seen as a by-product of the mechanism by which a delay
batween the offset of the oral and glottal gestures is achieved, that is, aspira-
tion is essentiaily a matter of the timing between speech movements controi-
ling laryngeal setting and oral articulation {Goldstein and Browman 1986). We
will discuss this issue further below. Voiceless aspiraied stops are often char-
acrerized as having a long VOT, the length of time after the release of a siop
closure before the start of modal voicing for the following sound. The exten-
sive work of Lisker and Abramson (1964, 1967) has shown that VOT is a highly
effective measure for differentiating stops with different laryngeal actions in a
wide variety of languages.

As ail the examples above are of stops in initial position, it is worth nofing
that contrasts between voiced, voiceless unaspirated and aspirated stops also
occur in final position. Examples in Eastern Armmendan are given in table 3.10.
The differences between the minimal palrs in the first two tows of the table is
principally a matter of voicing. Waveiorms of words with final velar stops of
these three types are shown in figure 3.10. The g 1s voiced throughout the do-
sure and vocal fold vibrations continue after the closure is released, whereas k
has voicing for only a few periods immediately after the beginning of the
closure. As is often the case, the voiceless cosure is longer. In this particular
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Toble 3,10 Words illastrating contrases between voiced, voireless unssoirated and aspizated stopsin
it posifios in Eastern Armenian ’

BiamaL ARRICATED AFBUCATED Weian
ALVEOLAR FOST-ALVECLAR
YoirsD ab bardz Furds hag
{month rare} ‘piilow “envirenst “portion”
OTCELRRS kap barts surtf bak
LA ST ATE B ‘diffoug ‘eoffea “moreh’
volf fak
‘plrase” ‘urd ey’
ViCELESS kap* barts voLf? takh
ASHRATED Reit ‘high o ‘el

pair, fheze 1s virtuaily no difference between the lengths of the vowels befare
voiced and voiceless stops, although, taking our data as a whole, vaweis
vefore voiceless stops are usuaily 2 few milliseconds shorter than t}w;e before
voiced stops.

For this speakes, the difference berween the voiceless aspirated and
unaspirated stops (the lower pair of words in figure 3.10) is in the strength of
the release. The voiceless unaspirated stops are weakly released or {in other
data from: this speaker] not released at all, whereas the aspirated stop has a
shorter closure and a noticeable burst followed by noisy airflow that s sus-
tained for some considerable time. Several of our smaklera of Bastern Arme-
nian probably have a glottal closure accompanying final unaspirated stops
anc in some cases these sounds are weakly ejective. It should be noted thaf this
three way contrast exists only in Eastern and not in Western Armerdan, ‘

It has _been suggested that “heightened subglottal pressure s a necessarv but
not su{f‘lcient condition for aspiration” (Chomsky and Halie 1968 326) “This
suggestion was somewhat over-energetically decried when it first aap;eared
(e.g. by Ladefoged 1971). At that time there was evidence that heightened
subg!atta% pressure occurted on sivessed syHables, but no evidence tha%.it ever
F:ha:rac%erxzed a single segment. But Chomsky and Halle were right to invoke
ncressed subglotizl pressure — for some instances of aspiration. In the case of
O‘:’\T@l‘fl Igho discussed above, the voiceless aspirated stops had a heightened
Suagio‘tfai pressiure, despite being shorter than their unaspirated cou;{terpart&
S;:sﬁ}zght fave expected that the stops with the longer closures (the voiceless

Piratec stops) might have had a higher peak pressure; if the subglottal
pressure is produced by a constant decrease in fung cavity size, then the longer
the closure the more the pressure would increase. Nevertheless, at least for
somne speakers, the pressure is significantly higher during the aspir:axted sounds
and there must be greater respiratory acﬂ‘wlty to account for it. There i; there-
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Figure .10 Waveformsillustrating contrasts among £nal velar stops in Eastera Armenian. The words
are those in the finat eolwnn of wbie 3.10,

fore some support for the suggestion that aspirated sounds are in some lan-
guages consistently produced with a heightened subgiottal pressure. The pattern
of inereased oral pressure during the breathy voiced stops of Qwerri Igbp
might aiso indicate that these have the same chja:rtacter‘lsh‘cs, However ‘z.hlS
phonetic attribute is probably never the major distinguishing property in a
phonological contvast. It Is a secondary mechanism that can be ‘cailed on to
enhance (Stevens and Keyser 1989) the high level of transglottal airflow which
a wide open glottal apertwre already ensures.
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Tiple3.11 Aspiration and Burmese causative formation

SInPLEX PG Calsatave fores

pauy “be pierced’ phau? iprce”
€&? ‘be cooked” ché? vk
kw3 ‘peet off kb “separate’
mid “Tee foating” mj “set affost”
nbn “be awsake' ndu “waken”
W “be bare” 1a? “urcover’

We are now ready to consider further the possible alternative meanings of
the term aspiration. We have siggested above that aspiretion is one end of a
continuum of degrees of opening of the vocal folds during speech. This is siai-
lar to the proposal by Kim (1965). Another definition equates aspiration with a
period of voicelessness after the release of an articalation, and before the vocal
foids start vibrating. The first definition says nothing about the timing; the sec-
ond nothing about any specific glotial aperture. There are some rather inteyest-
ing consequences of selecting one or the other of these definitions. The firgt
provides for the occurrence of aspirated segments with no delay of voice onset;
all that is required is that the glottal aperture should be wide. Burmese has
many pairs of verbs and adjectives that show a morphological alternation be-
tween simplex forms with veiceless unaspirated stops and causative forms
with voiceless aspirated stops. The paraliel alternation in nasals and laterals is
usually described as being between voiced and voiceless counterparts. Exam-
ples of these alternations are given in table 3.11.

Patterns such as these have suggested to a number of phonologists that aspi-
rated siops and voiceless sonorants share a common feature of aspiration {or
[spread glottis]} (Cho 1990, Steriade 1993a). The Burmese voiceless nasals and
laterais do not have a voiceless period after their release (see the descriptions
in chapters 4 and 6) but what they could have in common with aspizated plo-
sives and affricates is a wider glottal opening. Unfortunately we do not know if
this is true as there is no data on glottal aperhare in this language. However, we
do have some data on airflow in the voiceless nasals and know that it may be
well over 500 ml/s (Bhaskararao and Ladefoged 1991). This is very kigh for
airflow through the nose and would be compatible with a reiatively wide glot-
tal aperture, '

On the other hand, if the definition ernphasizes $ming, rather than a specific
glottal apertare then pairs of sounds such as p and b in Hindi, {gbo and many
other languages can be grouped together as aspirated. At least in Hindi
(Maddieson and Gandour 1977, Ohala 1983) and ceriain other Indic lanpuages
such sounds have shared phonological behavior. However, sounds such as
b do not have a periad of voicelessniess after the release of the closuze, so
aspiration cannot be defined in terms of such a period. Instead, if we want o
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maintain the passibility of quantifying aspizafion In eIns of VOT, we must
redefine it as follows: aspiration s a period after the release of a stricture and
before the start of regular voicing (or the start of another segment, or the com-
pletion of an uterance) in which the vocal folds are markediy further apart
than they are in modally veiced sounds. This definition would allow for voice-
less aspirated and breathy voiced aspirated sounds to be grouped together.
Note that this does not say that af! breathy voiced sounds are characterized as
aspirated; only those with this particaiar arficulatory tming pattern.

Pre-aspiration

Refore we conclude gur discussion of aspiration we shouid examine pre-aspi-
ration. In pre-aspirated stops thereis a pexied of voicelessness at the end of the
vowel, nasal, or liguid preceding the onset of the stop closure. The best-known
examples of these sounds occur in Scottish Gaelic, and in Icelandic and
Faroese. In Gaelic the pre-aspirated stops ocour only in medial and final posi-
tion, where they are the counterparts of the aspirated stops which occur in
initial position. In leelandic and Faroese, where pre-aspirated stops also oceur
only in medial and final position, they arve realizations of long (geminate)
voiceless aspirated stops. All *hese languages have a contrast between voice-
less unaspirated and voiceless aspirated stops in initial position. The
unaspirated stops are unchanged in medial position, yielding a surface con-
trast between pre-aspirated and unaspirated stops. The paftern in Lule Sami
(Engstrand 1987) is somewhat similar to that in Teelandic, except that there is
no contrast between two series of stops in initial position.

Examples of surface phonetic contrasts involving pre-aspiration in Ieelandic
are given in table 3.12. Following Thréinsson {1978}, we have used h rather
fhan " to indicate pre-aspiration because pre-aspiration is longer than the aspi-
ration after a stop release. We have aiso given the underlying forms according
to ‘Thrainsson's anatysis. Figure 3.11 shows the pafterns of changes over time
i the volume of airflow and the width of the glottis which differentiate
intervocalic aspirated, unaspirated and pre-aspirated voiceless stops in Icelan-
dic {adapted from ni Chasaide 1985). Truainssorn, surveying the asrodynamic
data in Pétursson (1976} and Garnes (1974), notes that “pre-aspiration fypically
has a normal segment length in Icelandie, whereas postaspiration is much
shorter. . .. This suggests that pre-aspiration is not sinply the inverse of
postaspiration, a5 its name and some phonetic descriptions might lead us to
helieve.” In all instrumental studies of Icelandic, the duration of the pre-aspira-
tion and stop closure together in hp, hi, etc.is about egual to the duration of the
stop closure itself in unaspirated geminate siops (L hrainssor’s phonemic /bR,
dd/, etc). The glottal opening gesture for a pre-aspirated veiceless stop 13
wider than for the unaspirated voiceless geminate, but does not take longer. In
the pre-aspirated stop, the oral closure occurs wihen the glottal aperture is near
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aspirated and uraspirated stops are

: frafing pre-aspirated, aspirated
A Ianchc {fmz“rz data provided by nf Chasaide). 'sghe pr"':
phonclogically geminate and have a shorter preceding vewsl

Teble 312 Contrasts filustrating pre-aspirated aned smas

final posttien: ir: leelandic. As vowel fength o oot g medie and

plays z part in distinguishing these SOPS, eoniTasls

betwesn long and short vowels are also il icaii
T realse illastrated. (Fhonological interpretation in aceordance with
Basla ALVEOLAR Vil
B . :
‘k :ufﬁpuz fkoppaz/ minshir  metir/ sahko  /sakla/
small pob fn.pl} ‘may” [2s preuh. “sinkstone’ ,
kPapper  /kobbar/
m ,
o et ot Jrneddic/ sokka  fsagga/

“distressed fm.np:) ‘damnpress fob.sg ]

alim.
%::o:}, p{;r Fhomar/ martr  Smeeti! saka  Ssaka!
ppe ‘meet” [2s prouh “to1 blame® '
mehtnr  /meetnir/ sahkne
L ! ‘ {sakna/
meet’ [3p prind.j “toregret”
5 :
ie:;?p fkapp/ vibt sy tohk  dakk/
‘wide' “dark’ [f.n.sén]
kapp  /gahb/ i
1 ! vitE  fuidd/ ik
he .
hoax “readth’ tgi:i\ fdces!
ka 4 i
‘Gt;e[;n;‘gapf plt - /wit/ the:k /ety
nitg bize® [1s prj ‘grasps’ {mpll




7 Stops

Tebied.13 Surface phonetic contrasts betwesn pre-asplratec (upper rows) and voicelass (fower 10ws)
stops in Seottish Gaelic (Lewis dialect), from Ailbhe ni Thasatde (1985 and personal communication)

Brramal Dairal POSTAIVECLAR PalaTaL Velak
ILehpay] [pahtyai] [aihitiay] iehca] {kr3hk]
fenbihadl: Eofal atiearhik aice Feily
‘bed [gee] boile’ “wolien’ ‘2 ber T
{fepi] [pot vas] [asla] feead fkedk]
ieabaidh wodach (2 's) fhaide aige anog
‘bed {nom.] ‘old feliow ‘farthes” ‘at him” dnock”

it maximum, about halfway through the voiceless period, whereas in the
unaspirated voiceless geminate the oral ¢losure ocours as the glottal opening
gesiures starts. Note also that the glottal aperture 1s no greater for the aspi-
rated thar for the unaspirated stop, again suggesting that greater glottal open-
ing is nol the defining charactexistic of aspiration.

Scottish Gaelic pre-aspirated slops are illusirated in table 3.313. It should be
noted that the extent of pre-aspiration varies in different dialects of this lan-
guage; in Skye Gaelic pre-aspirated stops are comparabie in length fo those in
Icelandic even though there is no reason to analyze them as geminates in
Gaelic, whereas ir Lewis Gaelic they are as short as other stops (nf Chasaide
1985).

Although pre-aspirated and (post) aspirated stops are phonologically ve-
lated in both Gaelic and Icelandic, it is obvious that the glottal gestures in these
two categories differ in their Hming relationships with the associated oral ges-
sures. Further, at least in Ieelandic, the glottal aperture in post-aspirated stops
dees not seem to be wider than that in voiceless unaspirated stops, although
pre-aspirated stops show a wider aperfire than either of the others ffigure
5.1, also o Chasaide 1985, Pétursson 1976). Pre- and post-aspiration share the
characteristic that a substantial part of the Hme during which the glottis is open
is net aligned with the oral closure.

We also note that pre-aspiration is said to occur in Amerindian languages,
sach zs the Algonquian language Ojibwa (Bloomfield, 1956: 8), and the
Arawakan language Guajiro (Holmer 1949). We have not been able to investi-
gate Ofibwa, but it is clear from Bloomfield's account that, much as in Irelan-
dic, the pre-aspiration occurs only before the ‘fortis’ {long) consonants pp, &,
ce, ki, and that these consonanis occur only in mediai position. We have our
selves analyzed a single recording of Guaiiro. In his account of this language,
Helmer (1949: 49) states that, at the time of his investigations, many speakers
did not use pre-aspiration in medial positions {again, the only position m
which it may occur). In a recording of one speaker made approximately 30
years after Holmer's study, we found that the speaker sornetimes uged a
breathy voiced offse? to a vowel that was followed by a long stop, but he did
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rot pre-aspirate consistentiy. In any case pre-aspiration is not used io §
?}-la_no}ogza;ai‘ contrasts in Guajiro {(pace Maddieson 19842 éﬂEGé} ‘ o
Pike gnd Pike (1947} describe the ocotrrence of h p}‘ececiing o ran £ vaic
and voiceless consonants in Huatla Mazatee (a language of Saxafj {11\:;v ey
This might be an‘a}yzecé a5 pre-aspiration and this is essentialiv fh; a: x]z\'fql
proposed I?y Steriade (1993a). However, this case seems d;cffﬂze;:i *oh g ‘f‘.} o
when a voiced consonant follows, there is nee just one giof%s;J ;stllrs o -;130:2,
ing over the pre-aspiration and the eral articulation. Wé m_rouid §~ ree et}Ii ?’qlfﬂ
and P1§<e‘§hat_ these sequences of consonants are clusters. [: is gi?r’terti i
note that_m this language h forms clusters in 2 similar ma:nr;er g7 }_r' tr.es g
? may f—lsﬂr,‘:w as well as precede other consonants in c:i‘ust;er‘s athand
Despile its importance in specifying the phonetic characteristics of some |
guages, we do not know of any language in which it is :;ecesslary ;o re“cre;;c‘iﬂ ?‘nﬂ
;tsplzzghon as 2 feature required for distinguishing underlying forrrgaSt “ e;‘
this kind always occur infervocalically or finally; there are no oc arrences o
nitial pre-aspirated sfops that we are Faware of. ! N Famences of

Glottal closure

;\z ttb,e Spposi?e en_d of the continuum of glottal aperture from the kinds of
estures used 1t voiceless aspirated stops is a full eic . :
: S§ Aspira 1 fuil ciosure of the vocal foid
in @ glottal stop. We will begin by di i ;  there iy an
‘ y discussing oral stops in which there §
: ! e is
zcr:smganymg glottal closure. These can be broadly divided into fwo t ff
T heti : :
c;i;;:dg\% an :}rnsltner or not the glottal stop serves as the initiator of anypai;’
sream. We wil discuss the glottalic afrstream ism b ‘ .
w J rechanism bel H
: s : s the ow, after we
bgjir‘eb?xerlnpkzﬁed. stops with simultaneous glottal closure. These are ’z’“a.mi}av 3
syilable-final variants of phonolegically voicel ¢ .y

; : 1 235 s5tops in variow 3 it
A vartant : € ‘ p 5, mostly Brix
, dialects of English. Fieure 3.12 shows this variation in two atterm};es of

the word : {
fg-la]”frf ‘;oa._ck, slpoken by lan Maddieson. In the spectrogram on the left the
5‘;3 met,;jl slwstm ;elf:ased and there is no accompanying gloteal q%c;p In the
te On the right, the entire velar ¢ e i tapp tetal stop, res
one ght, osure is overiapped by a glodtal st
lng iy the suppressi i When 1t 5 relomees 1
pression of any audible burst or &icat ; it i
‘ 100 &t or xication when it is released
= ‘ 5 sed. In
phzl; ;péggucttzto;s it és c;f;r;n possible to see the occurrence of creakyavoiced
at the end of the vowel. The mov
oo 2t the wel. vement of the second and third
: s each other typical of a velar closure
pants fows | £ ar closure ig very apparent in this
Py ;.{t;dzcagmjg‘ihat the velar gesture is well under way by thergme the vocal
tion;; mzz, W, in f{;}mp;mon with the other token of this word, the transi
ement of the formants | g it t ! ion of
e ot et is trancated a little by the supervention of
Ther ; in
. SOH{; a:_:e ?ithelr ways of combzz‘mmg a glottal closure with an ozal articulation
voiceie‘ss ;(};e aﬁguage; deseribed in the literature as having ’glaftaii.?:ed;
1ce wops, a somewhal similar overlappi radnct fa gl
— ; me apping production of a glottal
he oral closure is what occurs. We have heard this phera%mewcitig
5 - 411
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Figure 3.7} Spectrogrames of the English word pack pronounced with final velar stop with (right) and
withoug {deft} accompanying glottal dosure.

recordings of Stona, a Tucanoan language spoken on the Colombia-Ecuador
border. This language is described by Wheeler and Wheeler (1962} as having a
set of glottalized stops which they transeribe p', ', k', k¥, in contrast with “the
simyple stop sexies p, § k k" They note that "the feature of glottalization is
very light, and the glottalized series can best be distinguished by the
laryngealization which occurs on the following vowels.” Our bmpression is
that there ts a simulfanem:s glotal closure with the ‘glottalized’ series. Both
stop series have a brief delay of voice onset after the release of the oral closure,
but whereas this s filled with an acoustically nolsy interval in the simple stop
series, there is essentially silence between the oral release of a “glottatized” stop
and the beginning of voicing for a following vowel.

Glottal closures can, of course, cocur without accompanying aral closure, in
which case they form glottal stops. Different types of glattal stops have been
cbserved in the world's languages. In several languages they are part of the
regular stop series. This is the case in Hawaiian, in which there are only eight
cantrasting consonants, as shown in table 3.14. Elsewhere, glottal stops serve
1o demarcate the boundaries of phrases or other prosodic units. A frequent
role of this type (for example, in Cermarn) is to indicate the beginning of a word
when no other consonant is present. In other languages, however, glottal stops
function more as a variation in phonation type. In Huatla Mazatec, as P'lke and
Pike {1947: 79) note, the glotial stop is sometimes realized as a complete stop,
and semetimes as laryngealization of the following vowel. In Jalapa Mazatec
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Teble 514 The eight contrasting congonants of Mawaiiar in jnitial positon

paiia "hew’ kaia ko rodl” fata ‘dare’
mana  ‘power’ nata ook hala  dance’
wang “sea archin’ lana ‘proyancy’

the realization is usually entirely as creaky voice on an associated vowel {Xirk,
tadefoged and Ladefoged 1993).

In the great m;'a;cazi{:y of langrages we have heard, glottal stops are apt to
fall short of camplete closure, especially in intervocalic positions. In place of a
true stop, a very compraessed form of creaky voice or some less extreme form
of stiff phonation may be superimposed on the vocalic stream. True 5tops
oceur reliably oniy when it is a matter of gemination. A typical exampie of
these phenomena from a speaker of Lebanese Colloguial Arabic is shown by
the waveforms in figure 3.13. In this figure a long silent closure pericd is

i | i l i [ i ] {

G 300 ms

Figere 3'?.3' Waveforms of Lebanese Arabic geminale and s ngie T in the wards Ja?has ‘make poor
fsbc‘;fom ling} and fatis ‘poor’ (middle ling), An expanded waveform of the word on the middle Ene
® shown on the top line. A vertical bar indirates the point 2t which the expanded portion is aligned
with the main waveforre. “
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“Tabie 315 Worde iRustrating intervocalic glottal consosants and directly adjoining vowels in Gimi
(suggested by Samm dcBride). The segment symbolized by an acterisk is discussed in the text

N NTERVOT AL STOP raho? ctraly hao gl
TNTERVOUALIS ELOTTAL STOP hato  “shut ha®o? Tmany’

appavent for the geminate glottal stop, but the single consonant above i3
proncunced with frregular constricied voicing.

A glottal desure obviously preciudes any variaion in larynigeal aperture, so
we would not expect glatzal stops to differ in this way. But there are languiages
that behave as if they had contrasting voiced and voiceless glottal stops, al-
though, guite obviously, this could not literally be the case. One such language
is Gimi, a Papuan janguage of the Fastern Highlands, Papua New Guinea. Ac-
cording to McBride {personal communication). Gimd has a siop system that
{neludes conirasts between voiced and voiceless unaspirated stops at the bila-
bial and alveolar places of articulation. Where neighboring languages have
cograte forms containing k and g, Gird has a glottal stop corresponding 0 ¥
and another segment, which we will symbolize using an asterisk,
corresponding to g. From a phonological point of view this segment behaves
like a glottal stop, in that #t operates in rules which require a glottal stop In the
context. For examipie, there is a rule wheyeby the nasals m, n become the corre-
sponding stops b, ¢ when they occur after a glottal consonant at the end of a
preceding morpheme.

Our own recordings of Gimi show that * consists largely of a dirninution of
energy between otherwise adjacent vowels. Waveforms of the words in table
315 are shown in figure 3.14. In eack case an expanded version of the
intervocalic portion is shown above the waveform of the whele word. A fime
scate applicable to the expanded waveforms is at the top of the figure; one for
the unexpanded words is at the bottom. The waveform for the intervocalic b is
that of breathy voice i, and is similar to the intervocalic & ir English “pehold’.
The waveform for 2 shows some nolse in the initial portion, but is otherwise
indicative of a tightly closed glottis. The so-calied veiced glotial stop is
signaled by slight irregularities in the glottal pulses, and a considerable de-
crease in the amplitade of the puises which is probably due to an increase in
the glottal stiffness; but there is no indication of anything that would normally
pe called a stop, glottal or otherwise. There is, however, a clear distinction be-
tween * and a simple transition between adjacent vowels as shownin the lower
part of the figure. The vowel-o-vowel transition reflects simply the waveform
‘changes that can be associated with the changes in the formant frequencies. In
summary, it seems that * in Gimi is voiced, and involves some glotial activity;
but it might better be called a creaky voiced glottal approximant rather than 2
S0P

Thus Cii uses in a distinetive way what are for most languages simply
parts of the range of possible variation in the production of glottal stops.
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igure 3.14 Waveforms of the Gimi words in Teble 3.15. an expanded version of the intervocasic

portion s shown above th or 2= SIEELE~ = Y OE 5
g B 2 waveform of & ¥
e whole word, Hme ailg'ned as indicsted by the daghad

iiwt};er language :«:hich h‘as been reported to have a voiced glotial stop is
fingp w_(Maran 1971), but in this case it seems to s preferable to regard the
contrasting forms as being distinguished by tonal differences.

3.2 Airstream Mechanisms

:ea;r;y ail the sounds of the world’s languages are made with the pulmonic

irs ismn, in whi i i . :

il as:o‘zm me?a\mamf in which lung air is pushed through the vocal tract by
= action of the respiratory systern. We have been using the term plosive o
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diztinguish stops made in this way. In the caronical Lterature on articulatory
phonetics two other airstream mechanisms are described, the glottaiic and
velaric. Some siops (and a few fricatives) are sai¢ 10 be made with an egressive
glottalic airstream, in which upward movements of the glottis act like a piston
to push alr out, forming sjectives. Downward movements of the larvnx which
lower the pressure of the air in the vocal tract are used to form implosives. We
would prefer-to lay greater emphasis on the three variables, laryngeal setting,
articulatory timing, and changes in oropharyngeal cavity volume, rather than
on differert categorical labels for airstreams. The presence or absence of a
glottalic mechanism is often & matter of degree, with several of ihe types of
stops that we have already discussed in this chapter displaying cerfain fea-
tares in cormon with caronical gective and implosive stops. For examnple,
stops that ccour with an accompanying glottal stop, as in the London English
pronunciation of 'rat’ as J@? may have small upward movements of the larynx
making them weakly ejective. In addition, fully voiced stops in many diverse
langrapges {e.g. Maidu, Tha: and Zulu) are often accompanied by downward
movements of the larynx that make them siightly implosive. Nonetheless, the
familiar labels ejective and implosive provide a convendent organizational
framework for the next sections. There is also a third airstream mechanism, in
which movements of the tongue suck alr into the mouth. Stops using this
velanc airsiream mechanism are referred to as clicks. Clicks are guite distinct
from other types of stops, whereas plosives differ from Implosives and gective
stops by sinall steps. This is one of the reasons why clicks are discussed in a
separate chapter.

Ejectives

Ejectives are not at al! unusual sounds, cccwrring in about 18 percent of the
languages of the world {Maddieson 1984a), in language families as diverse as
Mayan, {hadic and Caucasian. As we noted, they are produced by the action
of the closed giothis, while there is an occlusion in the oral cavity. The larynx is
raised rap:dly upwards, so that air in the vocal tract above the glostal closure is
compressed. The pressure behind the closure in the oral cavity is often in-
creased to about double the normal pulmonde pressure {ie. from about § to
about 16 am HpQ). The oral closure is then released, and, owing to the greater
supraglottal pressure, there is a greater amplitude in the stop burst.

Amrong the places of articulation, velar articulations are the most favered for
gjective stops {Haudricourt 1950, Greemperg 1970, Javkin 1977, Maddieson
1984a}. Uivular ejectives are also guite common, and are reported in many
North American languages such as Haida, Wintu, SouthrEastern Pomo and
most of the Salishan languages, as well as in Caucasian languages such as
Georglan and Kabardian. The ¢jectives in Montana Salish are illustrated in
table 3.16. Palatal gjectives on the other hand are comparatively rare, bt not
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rie 316 Words iHusorating the ejectives In Montana Salish and contrasting plosives and affricates
{sfcer Flermming, Ladefoged and Thomason 1994)

pa_
Prams BIECTIvE
pifas “face is pale, grey’ p'afip “pracs Bré
tam "ivs g "&8q a0 "X
tsag“alf “weestern iarch’ 57 e "Wseold

t¥aq’ “het

thaflgan “cul hair’ t adwan Tosayed’
kapi “cofier
k*ate? ‘quaries coln’ E¥ Al gan i, cover”
qdye? ‘mother's sister’ 0 ag he? “veln”
qratsgan That” q* ajelgs ‘priest’

disproportionately so when compared with the palatal plosives. They are re-
ported in Kwakw'ala, Acoma, Bella Cocla and Jagaru. The bilabial place of
articulation is relatively disfavored, as it is for plosives. Typicaily, languages
wiil have ejective stops at the same places at which pulmonic stops oceur. This
mirroring of behaviors for the two airstreams adds further underpinning to
the notion that glottalic and pulmonic systems share more than do pulmonic
ardd velaric,

There are considerable phonetic differenices among the ejectives that occur in
different languages, some of which have been well documented by Lindau
{1984}, who compared velar ejectives in Hausa and Navajo, and found sigrifi-
cant cross-linguistic variation, as well as some notabie inter-speaker differ-
ences. Waveforms itlustrating some of the differences are shown in figure 3.15.
The two languages differ in the relative durations of the different parts of the
gjectives: the duration of the glottal closure is longer in the Navaio stop than in
the one for Ifausa. The Hausa glottal closure is probably reieased very soon
after the oral closure, at the point shown on the figure by an amow, and it is
fotlowed by a period of voiceless airflow. The Navajo glottal closure is re-
leased into creaky voice which continues for several perinds into the begin-
ning of the vowel. Lindau (1984) found that the long glowtal closure in Navaio
is & highty significant difference between the Navajo and Hausa speakers, and
could not be attributed to the overall speech rate, which was similar in both
cases. We do not know of any data that addvresses the question of the relative
timing of the formation of the oral and glottal closures.

This leads us to consider whether it is in any way possibie to make ejectives
with modal voice during the oral closure, that is, sounds in which although
the larymot is being raised and the volarme of the supralaryngeal cavity is
thereby being reduced, the vocal folds are nonetheless in a position for modal
voice and sufficient air is fowing between them io induce vibration. It seems
most unhikely that the recuisite pressure differential could be produced so as
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Navaho {female speaker)

i w‘@wg\feﬁﬁi‘w«“g\%é I
i $ !

creaky modal voice

Hausa (male gpeaker) modal voice

$ :} :":O ms

a

Figure 3.15 Waveforms iliustabing differences between Navajo and Hausza velar ejective staps. The
arrows indicate the releases of the glotral closures.

to cause sufficlent airflow from the lungs to ensure vibration of the upward
moving glotts. We do not know of any linguistic use of voiced gjeciives.

Sounds that have been described in the literature as voiced ejectives are, in
our opinion, misnamed. Voiced ejectives have been reported as contrastive in
Zhul'hbasi (Snyman 1970, 1975). But as Snyman makes clear, and as
Maddieson (1984a: 216} is careful to point out, these ‘voiced ejectives’ are pre-
voiced; the release is voiceless and from a phonetic point of view they are chus-
ters of the form dr. Clusters involving obstruents with mixed volcing in the
same syllable are very rare in the world's languages, but they ocenr in IXG
languages and in Kelabit (Blust 1974, 1993). We have already noted Zhui'hdasi
stope with mixed veicing in table 3.7, Further examples illusitating mixed
volcing in ejectives and affricates are given in table 3.17. As is evident in the
waveforms shown in figure 3.16 (which also ilustrates one of the plain stops
listed in the earlier table}, the initial voiced stops are unexplioded. These are
not sequences of the form €7, but are simply homorgantc pairs of stops, with
the first member being voiced and unreleased, and the second being voiceless
and, on some occasions, also ejective o1 affricated.

The ejective machanism can alse be used in conivnciion with other ariicuia-
tions, including those that do not involve an oral dlosure. Eective fricatives are
discussed in chapter 5, and ¢jective accompaniments of clicks in chapter 8.
Bjective affricates wili be iHustrated in a later section of this chapter.

Rl
—
8
g
o

300 400 ms

Figure 316 Wavefarms of ciusters with mixed voicng in Zhai haas,

Table 3.17 Words iihastrating voiceless affricates and custers with mived voigng in Zhul"hfasi

ALVERLAR . PosT-aLvEDLAR
VERCELESS LNASPIRATED Esam tfa

‘tastalk’ ‘o Feteh
ASHIRATED tshe tirag fba

‘wagh” ‘o sprirkle
Veices mus ASPIRATRE? distan dit [hii

“whman ‘ta carry straddied on shoulder
Volce: s srenave fs'a {f'am

“sleep “Fird fcoracias garmius]’
Voes pLus mtenve dis’eo dif’s

‘hartsheest’ ‘to be weat”




82 Stops

Inplosives

Imnplosives are stops that are produced with a greater than average amount of
lowering of the larynx during the time that the oral closure for the stop is maln-
tained. Barlier accounts of this class of sounds generally indicated that they
were typically produced with a constricted setting of the vocal folds. It is now
recagnized that the laryngeal setting can vary, and implosives can be pro-
duced with modal veice, with a more tense voice sefting, and with & complete
glottal closure.

Voiced implosives are stops that are produced by lowering the larynx while
the vocal foids are vibrating. If the larynx is lowered rapidly enough, there
may be # negakive pressure in the oral cavity, so that on the refease of the ozal
closure air flows into the mouth. Howsever, it is ofien the case that the airflow
through the glotiis producing the vocal fold vibralions is sufficiently great to
prevent the pressure of the air in the oral cavity from becoming negative; con-
sequently there is no ingressive airflow on the release of the stop closure. In
fact, there is a gradient betweert one form of voiced plosive and what may be
called a true implosive, rather than two cearly defined classes. Even when
there has been a considerable glottal movement, the pressure in the oral cavity
is oftens not very different from the pressure cutside the mouth so that the stop
burst is less evident.

About 10 percent of the world's languages contain implosives, many of them
occurring in West African languages (Maddieson 1984a). Veiced implosives
are found at most of the different places of articnlation, but there is 2 tendency
for anterior closures to be favored. Bilabial implosives are by far the most com-
morn, and voiced nvular implosives are very rare; they are reported o occur in
the Ugandan language Tk {Heine 1975). It was once said (fakobson, Fant and
Halle 1952} that languages do not conirast implosives and eective stops at the
same place of articaiation, but such confrasts have been reported in a number
of languages, induding Uduk, a Nilo-Saharar langurage, as shewn in table 3.18.

Sinddhi is a good example of a language with an exiensive stop system m-
chuding implosives, as shown in tabie 3.1%. Nihalani (1974, 1991} has provided
good aerodynamic data on this language, some of which has been used in fig-
ure 3.17. This being 2 citation form, the uiterance begins with an increase in the

Table 218 Words Blusimating stop conmasis it Udnk, inchiding sjective and impiosive stops a the
zame place of articslation (suggested by Rebin Thelwall;

THLARIAL ALVECLAR
Wioncen ba7 “to be something déd ‘to shiver
Veycensss pal to try tar “to cotlect
ASnLTED piiial “centipede’ Per “to pour off
BRIV pachad  fermented’ tléd o lick”

ToLOsVE Ba? back of neck dek’ “ty 13fy
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pressure

airflow
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ure 337 Aercdynamicdata (based on Nihalani 1374) for the Sindhi implosive§ in the ward Bani,

Tm‘?a‘s 3.35 Words Hlustrating conrasting stops in Sindhi. § and e are alricates, snd migh: be iran-
scribed gz and te. The palatel implosive fis often a slighdy creaky voiced paiatat approximant

Breasia Denmal, Revmoelex Paiaval VELAK
VaEiesn bare doru dory ot gura
“Forest *deoy” “you many el “aality”
FOELESS ponu tory fann caty kanu
lesf “borom” “ton’ "t clestroy” “eay’
VEngRLESS penn thary tradn eMatu kbane
ASBINATED “snake hood’ {distrid name} g orovwny ’ym.a‘iift‘
BraaTiv bisnank diaru gado $atu ghoni
VORCER Jamentaton’ “trunk of hody” Tk “mTaly ‘exce‘s«;‘
TasmLogive Eanj i Fatu [EERTE
feld “festivals “ilditerate’ fvarl  “handle

§L1bglo+jtai pressure, during which the lips are closed {there is no airflow), and
zl‘lse oral pressure first rises slightly and then decreases while the vocal folds are
vibrating. At the moment of the epening ef the lips the air can flow into the
mouth because of the negative oral pressure. For this speaker, in these citation
forms, the implosives at each place of articulation aiways have a negative oral
pressure and a very small ingressive airflow. )
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Figure3.18 Waveforms of Degema showing conirasts between voiced plosive and voiced implostve,

Lindau (1984} studied implosives in Kalabar, Degema and a number of
ather languages spoken in the southeast of Nigeria. Her examination focused
on the bilablal and alveolar voiced plosives compared to the voiced implosives
made at the same places of articulation. She did not have any aerodynamic
data, but her acoustic records indicate that the impiosives in these languages
are very similar to those in Sindhi. These acoustic records showed that in the
implosive {in the lower part of figure 3.18) the amplitude of vibrations typically
increased during the time that the oral dosure was maintained, indicating that
the lowering of the larynx {added to any other cavity-expanding maneuvers
during this Interval) was more than sufficient fo counteract the pressure build-
up in the oral cavity. In contrast with the voiced plosives, exemplified in the
upper part of figure 3.18. voicing was not only sustained, bui grew in ampli-
tude. Bxamination of the shape of the waveforms in detall suggests that the
manner of this voicing is generally modal; there are only a few signs of &
biphasic pattern and the waveform is not at all heavily damped. Compare
these waveforms with those in figure 3.3 where one can see a clear biphasic
pattern. There is nothing in these data to indicate that 2 deseription of these
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pressure S
Audio
oscillogram

bard oo har d 60

Fizure 318 Intra-oral pressure records of the Hausa words bardoo tongiafled dove’ andhardbo ‘Fulard
mary {eourtesy of B Schah),

segments as having a feature [constricted glottis] would maleh the phonetic
tacis.

Lindau also studied the implosives produced by a number of speakers of
Hausa. All but one of these speakers produced stops in which there was con-
sidersble glottal consiriction. Lindaw notes that “Fiva out of the 14 speakers
produce a velceless beginning of the closure, presamably from a glottal closure
zs the larynx descends. One speaker had an implosive just like those in the
Niger-Congo languages. The 8 remaining speakers produced an implosive [in
which the] closure displays highly aperiodic vibrations” {{indau 1984: 151}

We have observed sounds of this kind not only in Hausa, but also in other
Chadic languages such as Bura, Margl and Ngizim. For many speakers,
impiocsives are produced as in the token filustrated on the right of figure 3.19.
In this case substaritial negative pressure builds up in the mouth while the oral
dosure is held, but the voeal folds are too tightly clused foz vocal feld vibration
o occur during the dosure. Yoicing does begin shortly before the release, as
the oral closure begins to be relaxed. Implosives of this type can be described
as creaky voiced implosives, and could be transcribed as B, ¢ and so on. In
contrast, the voiced plosives from the same speaker, as shown on the left of the
Egure, have vmced vibrations throughout the stop closure, even though intra-
oral pressure iz positive.

Another view of this Hausa type of 1r1pio=:we is given in figure 3.20 which

tlustrates the difference between the piosives b d and the implosives f, ¢ n
uiterance-initial position. The data is from a different speaker. All these stops
are voiceless durin: £ most of the closure in these examples. The differences are
primarily in the onset of the vowel. In both § and  the few periods of voicing
during the closure and those at the onset of the vowel are irregular. The Hausa
lrI‘p:Osn:ﬂs with creaky voice seem to be simifar to those in Mixtec as described
by Huriter and Pike (1969). It may also be that, as the majority of Hausa speal-
ers have some form of glotwal constriction in their implosives, these sounds are
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Tebie 325 Words #lustrating the set of sp-called glotialized sounds in Mausa, and contrasting nop-

gloftalized sotunds '

Giovrauzen  bartd: darnés ka:rd: k“’a:ré:‘ §’a:ra: ‘ 'f’ia: .
“spail” “tighien (beity “mrrease  sheanul’  arrange”  daughter

Plam barta: da:meé: ka:ra: k*ard: sa:ra: ja;‘ ) ‘
“Hine “mixithoroughty’  “putnear’  “pour’ =1 he” foomg !

primarily distinguished from their voiced counterparts by being iaxynger?é—
ized, rather than by having an Ingressive airsiream. Az lﬁ}ISﬂ'&fe_ﬁ in iahle 326
Hausa has ejectives at some places of articulation and implosives at others.
This set of sounds, together with 2, has been called glottalized by (;arnochzii
(1952), so as to provide a label for a group of sounds that are subject o the
same phonotactic cons{rainis.
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Tbie 311 Words iHlustrating voiced Jaryngealized stops and voiced knplosives in Lendu,
sccording o Goyvaeris {1958}

Brrasial, ALVECRAR VELaR
VOICELESS pa  Cswingin} 3 “becomerich kG ‘appear
Vo bad  “milk breast da  rongue’ g0 Cheal
VOICED PATLOSIVE Ba  allow” &3 “water g8 cfoilows
CaEasy vOICE Bad  mine ) da  besary g6 nonse

APLGEYE

Goyvaerts (1988) suggests that Lendu distinguishes between laryngealized
irnplosives and implosives with modal voicing. This wonld mean that this lan-
guage confaing both implosives such as Hausa 8, ¢ and Kalabaxi 8, &, Fxam-
ples in accordance with Goyvaerts interpretation are shown in table 3.21.
However, Demolin (1995) has a different interpretation, preferring to interpret
the distinction as one between voiced and voiceless impiosives, as we will dis-
cuss below.

Implosives with glottal closure (voiceless implosives)

For 2 considerable time implosives were generally regarded as having enly
ore possible laryngeal sefting, namely that for voicing, But, as we have jlast
noted, implosives can vary between modal voice and a more constricted
phonatory setting. Both Catford (1939) and Pike (1943: 92) menton the possi-
bility of volceless implosives in the early Hterature on these sounds. By this,
they meant implosives produced with a full glottal closure.

Voiceless tmplosives occur in Owerri Ighbo (Ladefoged et al, 1976). The
Owerrl dialect of Igbo has a larger number of laryngeal distinctions among
eral stops at one place of azticulation than any other known language. We have
already discussed the four-way phonation type contrast; in addition there are
beth voiced and voiceless implosives, making a total of six bilabial stops, as
shown previously in table 3.6,

Figure 3.7 dlustrated the difference among the Igbo bilabial steps. The im-
plosive § is clearly a voiceless glottalic ingressive stop. After the Hps close,
airflow out of the mouth ceases, and the pressure ingide the mouth increases
very slightly, Then, probably at the time when the simall mark on the oral pres-
sure record oceuss, the glotits closes. The closed glottis is lowsred so that the
pressure in the mouth decreases considerably. When it is about -4 cm HaO the
vocal folds starl vibrating and the oral pressure starts increasing, Shortly after-
wards the lips come apart and ait flows out of the mouth.

' These implosives are nearly always slightly voiced during the last part of the
tiosure, with voicing beginning about 23 ms before the closure is released. The
decrease in oral pressure is about 5 cm HaQr, We may assume that the pressure
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Figure 3.1 Asrodynamic records of Lendv implosives. In the words (a) Bif1 “eaten by insects’, and
{ay H454 “attached 07, From daza supplied by Demolln {(personal conunuanication).

below the vocal folds during these implosives s very siightly higher than in
other sounds, as the descending closed glottis wiil cause aslight (less than 3 cn:
Fo0} increase in the pressure of the air in the lungs. The pressure of the air in
the lungs during plosives is typically about 8 an HoO for the speaker whose
speech fs illustrated in the figure. Conseguently he pressure drop across the

Stops [35]

vocel folds at the time wher they are set into vibration is approximately 13 om
H0, which corresponds to that produced during fairly loud shouting,

The voiced implosive is very different. As we noted in the discussion of
vaiced implosives in ather languages, the flow of air through the vibrating vo-
cai folds may or may not be sufficlent to compensate for any decrease in oral
pressure due fo the downward movement of the glottis. In the voiced fmplo-
sive {liustrated in this figure, there is a slight negative pressure (as, indeed,
was typical for this particular speaker). But the distinctive auditory character-
isiics of these sounds are more probably due to movements of the iarynx af-
fecting the formani frequencies at the onset of the vowel rather than to any-
ihing that can be more directly associated with the direction of the airflow.
Both the voiced and the voiceless bilabial implosives in Owerst Igho also seern
auditorily to be velarized. This is not surprising, as they developed historically
from the iabial-velars found in other diafects.

Voiceless Implosives also ccour in the Uzere dialect of fsoko (as well as in
several other dialects), in for examyple oba ‘rooster’ (Donwa 1982} Dorwa’s
thesls contains oral pressure tracings for these voiceless implosives.

According to Demolin (1995), the implosives in Lendu which Goyvaerts
desaibes as laryngealized are voiceless implosives, as Kutch Lowenga (1991}
had earlier suggested. The lower part of figure 3.21 illustrates the impiosives of
this fype In the Lendu word meaning ‘attached 1o’ which here, following
Demolir, is transcribed §464. These sounds are in contrast with the voiced
implosives, which are iliustrated in the upper part of figure 3.21 in ihe word
Bf i ‘eaten by Insects’. In $a84 the lowering of the oral pressure, lack of voicing
during most of the closure, and the small ingressive airflow al the release of the
closure suggested to Demolin that these are voiceless implosives. Note, how-
ever, that voicing starts slightly before the release of the closure, as is pariicu-
larty evident on the EGG (eiectroglottograph) recording. This voicing may also
be siightly creaky. Demolin notes that the pre-voicing is a consistent feature of
these sounds. In view of this property it szems to us that Goyvaerts night be
correct, and that these sounds are very similar to those in Fausa, If this is the
case, then Lendn would be an example of a language that distinguishes be-
tween laryngeaiized siops and modaily voiced implosives.

Pirkerton (1986} has & good discussion of the giottalic airstream mechanism
in Kichean {Mayan} languages. In these languages, there is considerable varia-
tion across dialects and across speakers in the realization of glottalized StOps as
implosives, or ejectives or pulmonic stops. Thus, in some towns glottatized
avular sounds are voiceless implosives while in others they are veiceless
gjectives. The voiced bilabial stop is produced as an implosive or as a voiced
Puanonic stop, or as a voiceless bilabial implosive. The giottalic alveolar stop
appears as a voiceless gjective, a voiced implosive and a voiceless implosive. In
2ach case, therefore, some distinct characteristic separates the glottalized cor-
Senants from the unaspirated voiceless pulmonic stops with which they con-
trast. The common feature is a constriction of the glottis, and it is this laryngeal
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gesture that s the essential target for production, rather than the pasticular
airflow patterns that result from the movemnents of the larynx

3.3 Affricates

Irn almost every case, as a stop is released the articulators will pass briefly
through a position in which the constriction is narrow enough that it will cause
turbulence in the air at the constriction site. This fransitory friction is usually
considered a part of the release burst of the stop. Affricates are stops in which
the release of the constriction is modified i such a way as to produce 8 more
prolonged period of frication after the release. As with many of the types of
sounds we have discussed, the class of affricates has no sharp boundaries.
Atfricates are an intermediate calegory between simple stops and a seguence
of a stop and a fricative. ltis not always easy to say how much frication should
be regarded as an auiomatic property of a release; some places of articclation
seem to be often accompanied by considerable frication (see chapter 2). At the
other extreme, a combination of a stop and fricative thal botk happen to have
the same place of articulation do not necessarily form an affricate. Phonalogi-
cal considerations must play a part in any decision as to whether a stop and a
following homorganic fricative is to be regarded as an affricate which is a sin-
gie unit, or as two segments {or two timing slots), forming a sequence of a stop
and a fricative.

Affricate releases may involve only a slight widening of the articulatory con-
striction of the stop. so that stop and fricative components have identical place
of articulation. Some affricates, however, involve a smail forward or backward
adjustment of the active articulator position. An example is the affricate pf in
German, usually described as lablodental in place. For many speakers the stop
component of this sound has a bilabial closure for which the upper lip i ac-
tively lowered o meet the raised lower lip (the position s subtly different from
that in simple p, in that the lower lip is slightly retracted). The closure is re-
leased by raising the upper lip and pulling the lower lip further back into the
normai position for £. The details of these gestures can be well observed in the
photo-strips of lip positions published by Bolla and Valaczkal {(1986).

The most common affricates are voiceless and sibilany; the palato-alveolar
affricate f oceurs in approximately 45 percent of the world’s languages ard
dental or alveolar sibilant affricates are also quite common (Maddieson 1984a),
Less common affricates occur in Standard Chirese, which has a voiceless aspi-
rated alveolo-palatal affricate, in addition to a voiceless aspirated sibilant
affricate which is traditionally called retroflex, as illustrated in tzhle 322. The
fricative components of these sounds and their place of articulation will be
discussed in chapter 5.

The Athabaskan language Chipewyan has one of the largest and most com-
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Table 3.22 Words illustrating contrasts betwean affrigates in Standard Chinese

ALveman RETROAEX LHEOLO-PaLATAL
YOICELESS UNASHRATED tsa isa tca

to smack lips” 1o plerce” ‘toadd’
ALFTATER tsha tsha feha

to wipe ‘o stckin “to pinch tightly”

Table 123 Words Binstrating Chipewyan steps and affricales

Uniaspurea e AsraTen Biromvn
Srors hes e
dee  “man theli  pail t'68  ‘paddie
qah rabbit kbe moccashy k'i “birch
AFFRICATES 48e6  hide e pipe 162l disw
dzeke  “rebbers tstaba “money” s “canoe”
dzle  bemies tf*ed dack if'ey  ‘quill
dite  squireel Wes  land thuli  rope

plex sets of voiceless affricates, as shown in table 3.23. Other unusual affricates
are said to occur in Bemmbe, which we infer from Jacquot {1981} to have a
voiceless aspirated labicdental affricate contrasting with a voiceless un-
adspirated affricate at the same place in, for example, pf*éri ‘cotton’ vs. pfind
‘duvet’.

Most of the distinctions that can distinguish unaffricated stops also occur
with affricates. Slack voiced affricates were lustrated in the discussion of
Javarese, and breathy voiced affricates in the discussions of Hindi and $indhi.
Falatal implosives which are usually affricated were noted in the discussion of
Sindhi. Other implosive affricates have been described by Hoard (1978} in
Gitskan, a dialect of Tsimshian. Affricates with mixed volcing {which we
would rather regard as sequences of voiced stops plus affricates) were ilug-
trated in Zhuhdasi. Lateral affricates and ejective lateral affricates are dis-
cussed in chapter 6.

3.4 Length

Stops, like most other sounds, can confrast in length. Int fact, long or geminate
stops have been referred to earlier in this chapter in examples from Arabic,
lwana, lcelandic and other larignages. The most widely used measure of the
length of a stop is the closure durafion as measured from acoustic records. In
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languages with a phonological contrast between long and short consonants,
long stops have between one and a half fo ihree times the acoustic dosure du-
ration of the short stops m careful speech.

4 distinction can be drawn, at least with respect to phonclogical behavior,
between geminates and a sequence of two idertical stops, such as may oocur
across a morpheme boundary in English, as in hip-pocked, book-case, etc, or In
word-initial position in Jeh, as in bban ‘arm’, ddeh “dgistended’ {compare ban
tock after’, doh ‘later). The fizst parts of these identical stop clusters in Jeh
furnction as the equivalent of ‘pre-syliables’ {Cohen 1966}, which normally have
4 CV structare. Unlike 2 sequence, geminates {of any kind, not only stOps) ay
not be separated by an epenthetic vowet or cther interzuption, neither will one
naif of them andergo a phonological process by itself (Hayes 1986, Lahiri and
Hankamer 1988). They often alternate with short consonants in processes of
morphological derivation. Geminate affricates are very clearly different from
an affricate sequence, since the seguence hias two stop and two frication por-
tions, while a geminate affricate has a long stop closure foilowed by one frica-
dve portiorn.

Geminate stops in many languages are Hmited to word-medial positions
where they usually close the preceding syllable, shortening its vowel {0 some
degree, as well as serving as the onsel of the following syilable {(Maddieson
1985). lapanese exemplifies the rare case where a preceding sylable is essen-

tially unaffected by a long following stop {(Homma 1981, Smith 1992). The

acoustic record does not reveal whether a long stop is produced with two
separate articulatory gestures, the first corresponding to the syllable-closing
part and the second corrasponding to the syliable-opening part, as was pro-
posed long ago by Sievers (1876). A number of studies have looked at this Issue
using either eleciromyography or methods of tracking articulatory maovements
over time. An electromyographic study by Lehiste, Morton and Tatham (1973}
showed that two peaks of activity of the orbicularis oris muscle can occur both
for word-medial geminate pp in Estondan and for p#p acrcss 2 word boundary
in English for cne spesker of each of these languages. On the other hand
Barry's (1985) dyramic palatographic data on English k#tk sequerces did not
show any evidence of twe articulatory peaks and Smith’s (1992, 1998) x-ray
microbeam study of word-medial geminates in ltalian and Japanese did not
show double peaks in ihe articalatory movement of the lips for geminate vila-
bial stops i either of these languages, nor was there evidence of any double
peaks in the tongue blade movements for alveolar geminate stops in this study.
Typical trajectories showing the tongue back movement {for the vowels) and
fhe changes in lip aperture in the production of single and geminate bilabials in
Falian are shown in fgure 3.22.

Tt thus seems evident that geminates can be produced with a repeated az-
Hienlatory movernent under some circumstances, but that this is unlikely to be
the most common articulatory pattern. Moreover, the presence or absence of 2
second articulatory peak cannot be taken as diagnostic of whether a iong
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closure represents a geminate stop or a sequence of two identical StOps
) Most languages With a distinction of consonant length have only two cﬁsﬂr&c—
E:ve iengzhs. Estonian and Sami are among a handful of languages that have
gen c‘iazmed to have three distinctve lengths for consonants. At least in the
Lule dialect of Sami (Engstrand 1987) the third consonant length { Grade IIT) i
&CEy E{lly reahzec%‘ a5 2 consenant sequence containing an epenthetic vowel w%h
predictable quality. In Estonian (Lehiste 1966, Bek 1984-5) the third. length is

czefated ‘bly ‘fs‘;:t}‘qer lengthening of long consonants in a stressed syliabie.
(A;\I ord-initial long s’rfzps are rare, bt they exist, for example, in Pastani Malay
ramsor: 1986, 1993}, which has 2 length distinction for initial consonants.
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Telle 3.24 Words itlustrating initial long stops and continuans i Pattani Malay {from Abrmamsen
1986)

SHéRy Eovic

hule “mobs bule “marey months
kato? “to strrke’ kiato? hog

laba *to make a proft }aba “spider’
make b0 eat make "t be eaten’
siku “alnow’ s:ku “hand taol”

Hlustrative contrasts are given in table 3.24. Abramson reports that the mean
duration of the closures for the long stops in word-imtal and word-medial
position measured in a carrier phrase is three tmes longer than that for the
short consonants. Of course, the onset of closure of an uHerance-initial voiceless
si0p has no acoustic signature, and hence the durational differences cannot be
readily perceived in this position. Nonetheless, Patiani Malay speakers can re-
lably recogrize words contrasting in initial consonant length in isolation.
Abramson (1986) suggested that the perceptual cues that compensate {or the
lack of information about closure dumation in initlal voiceless unaspirated
stops might inchude intensity of the stop busrst, rate of formant transitions, fun-
damenta! frequency perturbations, and relative amplitude of the following
vowel. It a more recent report {(Abramson 1991), he kas shown that Pattant
Malay listeners are indeed sensitive to amplitude differences in the inital
syllable in forming their judgments about the category of uiterance-initial
stops.

LuGanda also has long and short consonants which condrast in initial and
medial position (Ladefoged, Glick and Criper 1968: 40). Initial contrasts are
shown in table 3.25. The initial long consonans can be shown to be moraic
{they were separate syllables historically, when they were accompanied by a
high front vowel), Phonclogically speaking these consonants are tone-bearing,
although they may be voiceless, as in the examples cited in table 3.25. The audi-
ble difference between the words in the two columns in table 3.25 is largely in
the pitch of the first vowel. The words in the second column have a lowered
nigh fone because of the influence of the preceding (silent) low tone. The re-
lease of the stops in these words is also stronger than in words with simple
initial voiceless stops. Long stops in word-medial position in LuGanda aze dif-
feventiated more straightforwardly by duration but still have an undenying
tone,

In addition to the distinctive use of fong and short consonant tengths, there
are many factors that affect the durations of stops in both their articulatory and
acoustic domains. These include speaking rate and style, position in a word
and other prosodic structures, the context of surrounding sounds, as well 25
certain inherent properties ir: the consonant itself. Since other durational varna-
tions are, for the most part, not distinctive we will not discuss them in this
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Table 323 Words ifustrasing initial long and short stops in LuGanda (from Ladefoged 1971}

SHERT Lo

p‘ii‘ ﬁ?:}. “rin about madiy” ) #p ﬁép aatl DAWDAW

I[{Ei}”i ka :put‘ ’ tiéézk: a pule, v
ula grow up kkidla ‘Heasure’

v s £ . W N s, N .
bbo%:’ EXCEDT INSODIAT a5 tlLe Iﬁ‘iatﬁ 0 the discussion of streng H I
]'. ) i by SEN iﬁth 13 tht’: rext

3.5 Strength: Fortis vs Lenis Stops

The terms fortis and lends have been used with very diverse mearings in the
Hterature. We will discuss two of these uses; in one of these uses the term “for-
tis” indicates mcreased respiratory energy applied in the production of 2 seg-
ment, in the other “fortis” indicates greater articujatory energy. In both ca:sfs
lenis indicates less energy. ”
. T?‘e use of increased respiratory energy at a segmental level is a compara-
tively rare event. The best known example occurs in the Korean stiff f:?oice
stops discussed above, in which heightened subglottal pressure accompanies
the more constricted glottis and tenser walls of the vocal tract. We have also
observed consistent subglotial pressure increases in some fbut anly in some)
contrasts involving aspirated stops, such as these in Igbo, described above‘ |
There is also a heightened subglotial pressure in the formation of some ion
stops, such as the fong inital stops in LuGanda. But these stops may not I;aavi
an actual increase in respiratory effort. If the volume of air in the lungs is being
dgc;eased at a steady rate and a siop closure cccurs, then the pI”ESSC‘:IIE of the
2ir in the h:mg_s wiil be increased in proportion to the duration of the closure,
E‘hzs} effect in Hself may be sufficient to aceount for the strong release burst of
the iong stops in LuGanda.
?ajiien izi:t;? ;f aﬂicmflatory strength as a parametsr of distinctive consonan-
tal contrast b s been rai_sed muach more often. Many writers prefer to describe
the two series of stops in Germanie languages such as English, German and
Duteh as "fartis” and “lends rather than as voiceless and voiced. ’Thia isin part
E{ecause there is offen no vacal fold vibration in consonants of the ‘vaéceci?sei
fies, 80 that reference to voicing can be considered misleading, but also be-
c:use it was felt tha}t the complex of measurable properties which distinguish
these series — especially malters of Himing such as the longer stop closure and
shorter preceding vowel — could all be accounted for on the basis of tﬁe
sirength of the articulation. Alternative terms were used in the m}ne’:eentﬁcen»
fary, when ‘tense” and ‘lax’ were substituted for voiceless and viiced, a use
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which persisted much later in Halle, Hughes and Radley’s (1957) description
of the English siops. Originally the use of these labels was based only on a
inaesthebic sense, but as instrumentation improved a number of researchers
began to look for evidence of the hypothesized strength differences. Measures
of the force of contact between the arficulators or of the peax intra~-oral pres-
sure generally failed to show that pairs of stops such as p and b differed in the
expected way {Maiécot 1968), and the idea of articulatory strength was widely
considered among phoneticians to be discredited (e.g. Catford 19772} How-
ever, tates of articulator movement and muscular activation levets often do
&ifferentiate between phorological voicing categories. For exampig, Smith and
MeLean-Muse {1987) showed that the peak closing velocity for postvecalic p
was significantly greater than for bina study of eight speakers of American
Engitsh, and 5lis { 1971) had earlier shown EMG activasion levels 12 percent
higher for the lip-closing activity of the orbicularis orbis muscle in a word-
medial p than for b for a speaker of Dutch. Engstrand (1989} showed a more
extended contact area for t than for d in Swedish in a dynamic palatographic
study.

Guch differences in the purely oral articulatory movements between conso-
nants that are commoniy described by reference to theix laryngesl settings are
not confined to Cermanic. In Fact, we believe they are widespread, For exam-
ple, the Ewe bilabial stops p and b also difer from each other in their articuia-
tory gestures, as the movement fracks in figure 323 iliustrate. The closing
movements of the upper and lower lips are markedly faster for p than they are
for b, and the peak of the p gesture is Hatter, indicating more cempression of
the lips. In the terms of Browman and Geldstein’s articulatory phonclogy. the
gesture for p has greater stiffness. Older phoneticians might have said it was
fortis. Because the Lips reach closure earlier, this difference also relates 1o the
jonger closure duration of p (158 vs 150 ms in these data).

Voiceless siops have & greater mean oral pressure than voiced stops, and
also often have a greater peak oral pressure. Accordingly, the greater degres of
articulatory activity in the formation of the closure may be an anticipation of
this need to make a frmer seal. In principle, the parameters of voiding and
gestural stiffness could vary independently. When they co-vary either one
might be regarded as primary. As little is knows about the articulatory dy-
namics of most languages, we would caution against making the assumption
that phonolcgical voicing differences are associated with articulaiory strength
differences in any particuiar case.

Only a relatively small handful of languages have been proposed as possibly
having articulatory sfrength differences that are independent of voiding
Among salient examples are Dagestanian languages such as Tabasaran
(Kodzasov and Muravieva 1982), Archi (Kodzasov 1977} and Agul (Kodrasov
1990: 338-41). Stops, affricates and fricatives in Archi, according to Kodzasov,
show a confrast of srength. In the strength groupings that he sets up, weak
stops are usually voiced but weak fricatives are voiceless and weak afficaies
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j; ; eejteeitgweﬁ?h f:r‘e is ;m overa@l association of the strength and volcing pa-
Kodmso;r Ao in t sﬁren‘gzh is _assamatfed with durational differences,
Stomg e E;rr a tn}i si::eagtch is the primary factor involved. In his view
s phons '1;;2 a{e? ﬁaxactenzed. by t_he intensiveness (tension} of the ar-
" dura{;{gn . t,h ns-t’y1o; ti*:e pronunciation leads 10 a natural lengihening of
vens on qeaflsiund,ﬁiﬂd Ef}&f\ls why strong [ronsonants] differ from
e e £iyg zer length” (p. 228). However, “the adjoining of two single

ROUnGS does not produce a strong one ... Thus, the gemination of a
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sound does not by itself create its tension.” {our translations} Qur own impres-
sion from the deseriptions available of this language, and from examination of
a tape-recording of three speakers made available by Kodzasov, i that length
should be given the primary role; strong consonants have approximately twice
the duration of weak ones, and they often do result from adjoining two single
consonants, al least morphologically speaking. The patterns in other Dages-
tardan languages are similar, but some Agul dialects have an especially large
number of permitted initial long consonants.

The terms fortis/lenis have also been linked to matters of duration in other
languages. For example, Bloomfield (1956) equated fortis with long and lenis
with short consonants in Ojibwa. Jaeger (1983} also found length to be a sigrifi-
cant facior. She summarized the range of phonetic events thal have been
claimed to produce a fortis/lenis conirast, and concluded that in two quite
different languages she was investigating, Zapotec and Djauan, the phonetic
factors underlying the contrast were primarily duration, giottal width and
possibly closure width. She suggests that in both these languages the proto-
typical fortis obstruent Is long, voiceless, has no variation in stop closure, and
has higher amplitude noise; the prototypical lenis obstruent is short, usually
voiced but often volceless, has much variation in closure type, and lower am-
plitnde noise. McKay {1980) concludes that the stops in Rembarrnga, ancther
Australian language spoken i the same regior as Diauarn, are better described
as single vs geminate rather than as fortis/lenis or veiced /voiceless, but meas-
urements from specirograms show that the closure durations for single stops
can be extremely short, especially for coronals. Short stops are often volced but
by no means invariably. McKay comiments {p. 346) that the spectrograms show
“the geminate stops te be charactesized by a more abrupt closure. . . and by a
more prominent burst of noise at the point of release, with greater interval
before voice onset affer the release ... than the corresponding single stops.
These characteristics of the geminate stops may be considered indicators of
fortis or tense articulation.” There are thus indications that the long and shott
stops are not produced with articulatory movements that are identical apart
from their timing. Neither McKay nor Jaeger provide any aerodynamic or ar-
ticulatory data, so it is difficult 3o determine whether the differences they ob-
served were also accompanied by variations in respiratory eifort, or in what
way the articolatory dynamics might differ, apart from the indication that the
articulatory magnitude tends 1o be less for the lenis stops. We do not know
whether any of these sounds should be regarded as fortls by our definition, but

again, as when it co-varies with voicing, there does not seem to be independent’

use of articulatory strength as a contrastive parameter. Rather, it is an aspect of
a contrast that also includes length.

The terms fortis/lenis may sometimes provide useful phonological fabeis for
specifying a dichotomy when used language-spedfically, as noted by both
Jaeger {1983) and Elugbe (1980). But we agree with Catford (1977a: 203) who
says “the terms tense/lax, strong/weak, fortis/lenis, and so on, should never
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be loosely and carelessly used without precise phonede specification.” We
have tried te pravide such a precise specification for sorne cases.

3.6 Summary

At the end of the previcus chapter we summarized the place features needed
to distinguish stops and nasals. It is much more diffienit to summarize the
gther distinctive attributes of stops. In dealing with plares of articulation we
noted that there are no neat boundaries between Dne‘place of articulation and
the next. This problem is even more acute in the case of some of the distinctions
among stops. Those due to differences in phonation type cannot be neay cat-
egorized, as is apparent when we try to draw up a matrix of contrasting states
of the giotiis, as shown in table 3.26. Contrasts that we do not know of are
incicated by questior: marks. Those we think uniikely to exist ave marked by
solid lines. Pre-aspization has been put at the botiom of the chart because i
probably never forms the basis for contrasts among underlying forms. Glottal
clesure is aiso noted separately, as it is more appropriately considered to be in
CRPOsition to other places of articalation than to different pronation types. The
table then shows languages iliustrating the contrasting possibilities of the other
states of the gloiis.

There are no problems with the first three rows of the first *hree columns in
table 3.26. Voiced, voiceless unaspirated and voiceless aspirated sfops confrast
with each other in many languages. The fourth column also lsts reliable can-
trasts between creaky voice and the first two possibilities, voiced ard voiceless
stops, but it is a fittle more difficult to list clear cases of contrasts between
creaky volced and aspirated siops. We feet that this i5 likely to be an accidental
gap, largety due to our lack of knowledge of phonetic details of languages with
creaky voiced stops. Further problems come with the addition of the terms stff
voice and slack voice; some of these cases are unlikely to be accidental gaps.
We doubt that creaky veice and stiff voice will contrast, and the same is tae c;§
breathy voice and slack voice. It wonld also be passible to re-arrange the con-
trasts that we have shown here, and suggest that Javanese contrasts modal and
siack volce stops {instead of stiff voice and slack voice stops as we have indi-
cat'e_d). But this would simply leave a gap at a different place in the table.

Given the evidence of table 3.26, we might be thought to have overspecified
differences among phonation types. There are three comments that can be
Made on this observation. Firstly, it may be true ~ as far as stops are concerned.
TN hen we consider vowels we will be able to illustrate at least one of the con-
Tasts thai is noted here as missing or dubious. Secorndly, the terms listed de-
scn}:te what Keating (1984a) has called “major phonetic categories.” There is a
fortinuam of phonation types, but phoneticians have no difficulty identifying
archetypal sounds corrgsponding to each of these terms. Thirdly, atthough
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Tabtz 326 A tatrix exempiifying languages thab conirast stops with gifferent giottal states: Bus
Hindi is an exampie of 7 language that contyasts voiced b with voiceless {unaspiated) p

£33 {3} {4} (= (B} {7}
Yot pss ASTRATED BrEaTHY CREAKY SNEE SLACK
SORED VEnCED VERGE VOICE
{1 b p b pt b b b b b b 777
VoIgeD Hingdi HMingi Hindi Fula ]
2 p ot p b p b g b Pk
Volcsiess Hindi Hind: Fula Tha: Shanghai.
5 p‘r: 3% péu ;; ph b ph 22
ASFRATED Hind: EREEES Thai Shanghat
{4} nne 77 —
BrREATHY YOIED
{5} s 7Y
CREAKY VWHCED
(© b b
S17F8 VOICE lavanese

i1 Prpeasmnanion  {9) GLOTIAL CLOSURE

there are missing or dubicus entries, the mafrix in table 5.26 illustrates a
pumber of oppositions that would be difficult to describe using a smaller sef of
terras {but not impossible, with a bit of pushing and shoving). As our main aim
in this book is to give good phonetic descriptions of the widest possible set of
sounds occurring in the world's languages, we will tertatively suggest that all
the phonation types listed here need to be distinguished within whatever
feature set is proposed.

Table 3.27 summarizes most of the other contrasts among stops that we have
been considering in this chapter. The four possibilities in this set, gjective,
voiced implosive, voiceless implosive and aifricate contrast with one another,
and also contrast with plosives. In addition we have noted that a few lan-
guages have stops that contrast in lengtlz, and a smaller number still have
contrasts in strengih, either of the airstream mechanism o1 of the articulatory
gestures.

The phonological representation of stops should take into account ali the
phonetic parameters Hsted in tables 3.26 and 3.27, plus the additional possibili-
ties, length and strength. The theory should also make it appavent that stops
are subject to contingous variation slong a number of parameters, and that
withizt these confinua there are no hard boundaries. Thus it should be clear
that there is a continnum between voiced stops and voiced implosives, so that
it is natural for there to be allophonic variation within this range. There st
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Table 327 A ratrix giving examples of languages that contrast vazinus differest bvpas of staps
) {3) {4}
VOICED VorceLess AFERICATED
TRAPLOEIVE LiPLoElvE -
{1 P b ’
. ) pB s
EIRCTIVE Igbo igbo Mavaio
r
] i B
VouCED IMBLOSIVE fgim‘ i d;
Ighe vokaya
{3\
it
VOACELEES PGS VE S b e
gho

be other continua linking voiced implosives with both creaky voiced sto d
gjectives, and for many more such relations. The stops of th,e worl é[is ?n
guages haye to be specified not only in terms of their places of articuia'fi:)zf;
c%escn@é ir: the previous chapter, but also in accordance with other dis tinctive
properties as outiined in this chapter. ‘ i-




lasals and
Jasalized
Consonants

This chapter describes the types of pasal and nasalized consonants that ocour
in the languages of the world. } is also concerned wich some general questions
concerning the timing relationsiip between oral articulation and velic fung-
Hoa, We will divide the discussion into three principal sections; 4.1 on purely
nasal congonants, 4.2 on the analysis of consonant elements that are partly
nasal {that is, for part of their dwation they are nasal and for part of their
duration they are oral}, and 4.3 on nasalized consonants {(whare nasal airflow
accempanies oral airflow}. Nasalized vowels are discussed in chapier 9 and
nasalizzbon as an accompaniment fo clicks in chapier 8.

4.1 Nasals

A nasal consonant is one in which the velum is lowered 2nd there is a closure
in the oral cavity somewhere in front of the velic opening. Hence, air from the
lungs is directed out through the nasal passage alone, Note that what we cal!
simply nasals are called nasal siops by some linguists. We avoid this phrase,
preferring to reserve the term “stop’ for sounds in which theve is a complete
inferruption of alrflow. Ingressive nasals can be produced but they are nat
known to eocur in human languages, aithough an ingressive nasal accompani-
ment o clicks occurs 1 X886, as described in chapter 8. In principle, nasat seg-
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ments couid also be produced using a glottalic airstream, but we do nat knaw
of any iangula{ge which uses such sounds; so-called glottalic nasals are nasals
produced with a laryngeal constriction, but with pulmonic air. As noted in
chapter 2, nasals occur at a subset of the places of articulation used for stops.
The most retracted possible nasal is a uvalar one, since with a closure in the
pharynx orlarynx it is not possible for air to pass Into the nasal cavity. Symbals
for nasals at all of the sufficiently forward places of articulation were provided
in table 2.1, and examples of many of the contrasts in place of articulation be-
tween nasals are included in tables 2.2, 2.5 and 2.6. Simce questions of place
have already been discussed in that chapter, this topic wiil not be fur{hfr re-
viewed hera.

N_asais have an articulatory sumilarity to slops by virtue of their oral closure
bus in other respects they are similar to approximants. This is because thf;ra is:
an uninterrupted outward flow of air that does not pass through a constriction
sutf;;lentiy narrow to produce local furbulence. There are no fricative nasals, It
is quite possible to narrow the velio opening so that friction is produced b t'he
constricted airflow through the velo-pharyngeal port (whiie'maintaininy an
oral closure). Catford (1977a) mentions a fricative of this type as a ﬁafeﬁtiai
speech sound, but, 2s far as we know. languages do not contrast nasal conso-
narits m:hicb vary in the degree of velic opening in this way. We believe that
distinctions of type of velic stricrure are linguistically irrelevant for nasals. Pike
(1943} also noted that “frictionalized nasals’ can be produced by making a for-
;«;ﬁe@;&; Zi osurte antfi na}‘rml«.ring the pharynx suificiently to rreate turbulence

ir enters the nasa in i ingnisti
st of this posethiig, passage. Again we do not know of any linguistic

It has, however, been suggested that nasals can differ ir degree of velic
opening without involving friction in the contrast, In many Ausironesian lan-
guages, nasals oceur alone and in nasal + stop sequences (frequently analyzed
as prenasalized units). Commonly, vowels are ailophanically nasalized ja/fts-:“‘
nasals in these languages, but are oral after the nasal + stop elements, In ;
aumnber of languages of indonesia and dialects of Malay a special det‘eio}a.:ﬁenf
has occurred which results in the loss of the stop component in the nasal + sto
sequences while preserving the oral character of the following vowels. In zﬁ
!ea_sé some cases these newly developed nasals remain phonetically t;iisfim
guishable from the original plai nasals, as well as having distinct phonologi-
cal gharacieristics. Durie (1985) reports that in Acehnese they have a lesser rfte
of alr{‘?ow through the nose than the plain nasais. {They also have a longer
duration). If a distinction between the width of the velic opening in the n%w
and thc? original nasals is inherent in these censonants, then open‘and ciose
pproximation of the velo-pharyngeal pert distnguishes between types of .
sals, ie 4-herf,» i a difference of manner of articulation, This is essentiall ti‘ae
way that Catford (1977a: 13940 interprets the Acehnese situation, as ayd.is-
ﬁlni:ihun bgtween lightly rasal’ and ‘heavily nasal’ nasai cansonantqlwifh con-
rolied articulatory differences in the velic apertare, '
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Figure 4.1 Drifference innasal aizflow in Frenchae nez nose” and a nain ‘dwarf” spoken in the frame
Difes  denx fois, adagted from Cohm {2950 110).

There is, however, another possibility and that is that in order o produce the
required phonological contrast of oral and nasal vowel after a nasal which the
new phonological sitaation requires, a start must be made on the velic closure
during the nasal to avoid nasalization spreading to the vowel when an oral
vowel follows. In this view the measured difference between the newly de-
rived and original nasals is a coarticulatory effect. Articulatory and zerody-
riamic data from other ianguages where oral and nasal vowels are in contrast
affer nasal consonants, such as French, lend plausibility to this idea In a
cineradiographic study of a Paristan French speaker, Rochette {1973) found
that the velum typicaliy does not reach such a low position in a nasal preceding
an oral vowel as it does in one preceding a nasal vowel. Alse before an aral
vowel the velum has asually been raised most of the way towards its maxi-
mum height before the release of the oral closure for the nasal ccours, Meas-
uremenis of velo-pharyngeal opening from a fberscopic study of a Swiss
French speaker {Benguerel, Hirose, Sawashima and Ushifima 1977} indicate
that there is a considerably smalier maxdmum opening of the velic aperture for
the nasal in the syllable na than for the nasal in the syllable s, and that the
duration of the opening gesture is also substantially shorter. The data in Cohn
(1990) shows that nasal consonants in French have lower airflow before an oral
vowel than before a nasalized vowel. Her records of the distinction between ae
nez ‘nose’ and né maim ‘dwarf are shown in figure 4.1

Aerodynamic records of a palr of contrasting words from our own investi-
gations with an Acehnese speaker are shown in figure 4.2 These exempiars are
representative of ai least five repetitions of these words recorded as part of 4
set of data including all articulatory places (Long and Maddieson 1993}, In
teama ‘sea-mew’ {a species of gull} there is an intervocalic plain bilabial nasal.
The duration of the labial closure can be seen from thakb portion of the audic
waveform and the oral flow traces in which the amplitude is low. Nasal How
increases markedly during this interval, and remains elevated for two or three
vibrations of the vocal cords (about 30 ms) during the following vowel. Oral
pressure is only slightly elevated while the lips are closed. (The oral pressure
was recorded by means of a small tube inserted between the lips, and therefore
does not show the increased pressure associated with the Inital stop.) In the
lower panel the contrasting pattern for the other type of nasal is shown, To

Fignure 3.2 Aeredynemic records of Ace
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distinguish the nasals this word Is transcribed ham®Pa “servant’. Several ciffer-
enceg are apparent. The nasal in this token is much longer, almost twice the
length of the nasal in the upper part of the figure. Somewhas sinabler differ-
ences in length were observed in other repetitions. In addition the intra-oral
pressure has considerably larger amplitude vibrations during the lab:al clo-
sure; and the nasal flow trace is at the base-line by the time the oral release is
made. The higher intra-oral pressure variations occur because the veium is not
lowered as muck. The shape of the intra-oral pressure curve indicaies thot the
aperture to the nasal cavity 15 particularly small, ¢reating greater resistance (o

airflow, especially at the offset of the oral closure. Thus velum lowering begins |

just as oral clasure is made and the velum begins to be raised before orxl re-
lease. The onset of this closing movement can be judged fo coour about 40 ms
pefore oral release by noting the time al which nasal flow begins to dechine, and
the intra.oral pressure increases.

We will cali nasals of the second type orally released nasals. From these
records, as well a8 from the experiment brlefly reporfed by Durie {1885), we
infer that the mechanism for producing such crally released nasals and pre-
venting the spread of nasality to the following vowel involves lowening the
velum to a lesser degree than in the ordinary nasals, as welt ag Himing the
whale velum-lowering gesture to coincide quite precisely with the duration of
the oral articulation invoived. Perhaps ro permit fime for this precise timing to
be executed, the duration of the oral closure is lengthened i comparison with
‘ordinary’ nasals. The newly derived nasals in Acehnese and other languages
mentioned by Durie (1985) may therefore differ from the older nasal segments
in these languages simply because they are {ollowed by oral vowels. [n other
words, the measurable differences in the nasals reflect a coarticelatory phe-
nomenon like that which has been observed in nasals before oral and nasal
vowels in French. Acehnese differs from French in the siriciness of ifs require-
ment that the following vowe! be entizely oral, bul not in any other way. Al this
Hme we continue 10 believe that ne linguistically distinctive use is made of
nasals which differ in manner of articuiation ot the velum.

4.2 Laryngeal activity in nasals

In the great maiority of languages all the nasal segments are produced with
meadal vocal fold vibration. However, a number of languages do employ na-
sals with different phonatory settings. In addition to medally voiced nasals,
nasals ocour with breathy voice, creaky (or laryngealized) voice, and with
voicelessness due to open vocal folds. As with stops, there are substantial dif-
ferences between languages in the relafive tming of the oral and laryngeal
pestures involved. We do not know of a language with four series of nasals
differing in phonation type, but several Southeast Asian and North American
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Tabiz 4.1 Words idustrating jatapa Mazatee nazals

BiLabias ALVEOLAR Pataras
eacs ma Tbeabie it TWOMErnT o Cwe'
VCICELESS ma  blackS 1 “fafls i

H & falls a  growth, brush’
La#yNGEALIZED me  Cdiss killy 5{1 “shing g ¥ -prish

Talde 4.2 Words iizustrat:ng Hind! vaiced and breathy voiced nasals (From Kelkar 1968}

Bl amar Blestas
\f'c-:czfn - kumar  “boy sunar ‘geldsmith
BREATEY VeICED komar  poter d3ugal ‘moonkight

languages have three. Examples from Jalapa Mazatec exemplifying modall
vaiced, voiceless and laryngealized nasals are givenin table 1. g

Languages with three series of contrasting nasals are comparatively rare
More commonly, a language has only one series of nasals in addition to t}‘é
medally voiced ones; this second series being either breathy voiced (e g Hind,i
Mamtllij, Newari}, or laryngeafized {e.g. Montana Salish, Kwakw’al-a -Stien ,
Nambiquara} or veiceless (Burmese, Hrmong, Jaai). Usually every voicled uasgg
ha; avco:rr%ponding nagal in these other series, although in some languages the
voiceless, lhsreathy or laryngealized nasal series has fewer members than the
V?I?Ed series. For example, the Znuthoasi dialect of IXa {Snyman 1975) has
prain voiced, laryngealized and breathy voiced nasals at the bilabial pla_re of
31-t1cu%ailen, but only voiced nasals at the alveaiar and velar places of artic_:ula:
Esjar?. iine {Gai 1981} has vaiced and veiceless velar nasals but only voiced bila-
bizi, alveclar and palatal nasals. As shown in table 4.1, Mazatec lacks
laryngealized palatal nasals. '

ConFrast_s between modalty voiced ard breathy nasals in Hind: are illus-
trated in table 4.2 and figure 4.3, Dixit {1973} has studied this contrast in detai
in hus own speech. He showed that the breathy voiced nasals (which he calls
aslmrated nasals’) have a shorter oral closure durtation than their modal
voiced counterparts. After the closure is formed, the initial portion of a bréath}f
vos;ed_ nasal has modal voicing. The glottal opening gesture for breath vaici,
starts in tl}e middle of the closure period some 40 ms before cral releeze The
peak of this glottal opening gesture accurs 3040 ms after oral release am;l 80-.
i ms of voiced aspiratior’ is observed at the onset of the vcwell Didt's
pha%ag%ottc}graf}vhic dafa shows that the vocal folds open about as faz'-as the
do quing an intervocalic h. Vocal! cord vibration continues throughout th::
duratior. of the glottal gesture. Our observations generatly agree with the pai-
11 that Dixit reports. In the breathy nasal in figure 4.3 a short period of mfcllazi
vewing eccurs al the beginning of the nasal before breathiness begins, indi-
cated by the greater noisiness in the signal and less weli-defined -.resc:uanée
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Figure 4.4 Spectrograms ilhustrating modally and breathy volced nasals in Hindi in the srards komar
oy’ and kegme ‘potier’ respectively. The transcription below the specirogram shows additicnal
phonetic detail.

peaks. It is difficult to determine the precise time of the oral release but the
duration of breathy voicing is about 100 ms in total and the sequence is voiced
throughout. Oral and glotial gestures for intervocalic breathy voiced nasals in
Hindi are thus coordinated in a similar way to those for breathy voiced staps,
as discussed in chapter 3.

In Tsonga breathy voiced nasals the amount of vocal {old separation is typi-
cally much less than in Hindi, but the timing of oral and iavyngeal gestures
seems similar, In an aerodynamic study of six speakers Traill and Jackson
{1988} report that nasal airflow is the same in the early part of both modal and
breathy voiced nasals, but the mean peak airflow before the release is 311 mi/s
higher in breathy voiced nasals. In their data, 25 ms after a breathy voiced
nasal is released the oral atrflow in the following vewel s 20 mi/s higher than
after a modaily voiced nasal, and 75 ms after release it is siill 12 mi/s higher. A
spectrogram of Tsonga modal and breathy voiced nasals ts shown in figure 4.4,
We have also observed other differences between languages in voicing and in
the degree of breathiness that accompanies breathy nasals. For example,
Marathi breathy nasals sound more breathy than those in Newari {Ladefoged
1983}, and in Lianchang Yi breathy nasals in initial position have a veiceless
onsel which extends for about one guarter o one third of their duration. The
‘aspirated nasals’ of northern varieties of KeSukuma (Maddieson 1991) and of
Kwanyama can also be produced with sufficiently open vocal folds so that for
part of their duration they are voiceless.

in addition to Mazatec (Table 4.1}, we have heard laryngealized nasals in a
number of other Native American languages. In Kwakw'ala {exemplified in
table 4.3) the laryngeal constriction gesture seems to be cenlered at the same
point in time as the oral closure, so that creaky voice characterizes the middle
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f—u.u 4.4 fjp@cimgrams of Tionge modal and breathy voiced nasals in the words nali ‘enamy” and
ndnt three’, as spoken by a maig speaker. g

g iHess rati :
flite 4.3 Words illustrating voiced and laryngeslized nasals in Kwakw'ala

Bizagiar ALVESLAR
LY R 3
v"m_wu mixa “steeping’ naka  “drinking’
LakymicEaliven musnuxdi  balsam treg rala ‘day’

?nt of the nasal, but in other languages the Jaryngeal constriction oceurs af the
oeginning or the end of the nasal. In some cases the glottis may be entirely
clased, ten}poraréiy preventing airflow through the nose. Figure 4.5 shows a?z
utterance from Columbian Salish that inciudes two syHabic laryngealized na-
sals (and also a voiceless nasal). Note that the first of the laryngealized nasals
f;hr::ws strang, almast periodic, low frequency pulses, while the second appears
to hatae quite turbulent airflow. In both cases, the Jaryngealization of thefiasa}
culmmate.s in a glottal stop. Phonologically speaking, in this iangt;age the
laryngealization of the nasal could be regarded as an effect of a glottal sto

segment, or the phonetic sequence could be labeled a ‘postglottalized’ nasaf
By mntrat«;t, the laryngealized nasals in Montana Salish could be regarded ac:
?regict?al;;ed Rasais, in that they usually have a strong glottal constriction aE
the beginning of the nasal. Two speakers’ productions of smu ‘mare’ are shown
n figure 4.6 Sometimes the glottalization takes the form of a complete glottal
§t{}p followed by a nasal with what appears to be modal voice, as in the case of
the speaker on the Jeft of the figure; at other times there is a nasal which is
almost entirely creaky voiced, as for the speaker on the right of the figure
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Figure 4.5 Spectrogram of the Columbian Salish word [ pmmal/ “ukewarm’, cama.ining Fwn
aryngeakzed nasals. The trapgeription below the spectrogram shows additonal phonetic delail
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el Ea bosds
Figirr 4.6 Specirograms of smé ‘mane’ as proncunced by bwe speakers of Montana Sajish, s both
zases thers is an epenthetic o separating the Hrst two consonanis in the initial cluster,

When there are sequences of glottal nasals, as in snmne “toilet’ the s‘ecand nasal
is better described as having superimposed creaky voice, so that fn 2 narow
transcription this word is usually {so’nmae]. In final posii'ior; in Montana
Salish the glottal constriction may be followed by a very creaky nlr:fs_a} or.e”\ie-n
one that is voiceless. Traili (1985) describes glotialized nasals in X656 that "are
invartably pronounced with a glottal stop px‘ecedinglthe rlaas:a],”_ He glse notes
that the duration of the voiced portion of the nasal in thig position 15 shorter
than it is in the plain nasals. Kashaya (Buckley 1996, 1993) places the glotial
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Figure 4.7 Aerodynamic records of the Burmese word {a) pa ‘nose’ that are fypicat of five of the six
Burmese speakers.

Tabte 4.9 Words contrasting voices and volcelass nasals in Burmese

Brasias ALVEOLAR Patarm, VLA L aBAlIzEn
ALYEDLAR
VGUCEEr ma 05 na na n¥E
"hard’ ‘pain’ ‘Hght' ‘fish’ ‘cow”
VinceLess ma né na 0 u¥a
‘i g ‘tonsiderate’ orrow’ ‘pesl”

constriction at the beginning of the nasal when the consonant is syllable-initial,
and at the end when it is syliable-final. There is obviously room for further
language-specific variation in the way that these oral and laryngeal gestures
are related to each other, but the documentation is not yet very extensive,

Voiceless nasals contrast with voiced nasals in several Ianguages spoken in
Seuth-East Asla. Burmese examples are showrt in table 4.4. These voiceless na-
sals usually have an open glottis for most of the articulation, but some voicing
for the period just before the articulators come apart. They are also usually
longer than voiced nasals, and have a higher FD at the onset of the vowel
{Maddieson 1984h).

We have recordings of the oral and nasal airflow during the pronunciation
of sets of Burmese words spoken In the sentence ga ___ ko ye ne te ‘] write
o - A typical recording of a word beginning with a voiceless nasal consonant
is Hustrated in Hgure 4.7, Six Burmese speaiers, three frien and three women,
alf from Yangon, Myanmar, were racorded in this way, each of them saying the
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Figure 4.8 Specirograms iliustrating five palrs of Burmese voiced and voiceless nasals. The words
ane thase listed in table 4.4

four words in the frame sentence once. As discussed in chapter 3, there is a
high volume of nasal airflow (cften above the limits of the transduction sys-
tem, as in the figure) suggesting that these nasals are produced with a wide
open glottis and might therefore be characterized as aspirated, Measurements
indicated that, for all these speakers, in the last part of the oral closure there is
substantial voicing, often amounting to almest 2 guarter of the duration of the
segraent. We also recorded the speech of three female speakers of the Hmar
dialect of Mizn, another language that has voiceless nasaly similar fo those in
Burmese, finding essentially the same situation.

Ladefoged {1971} and Ohala {1975) suggest that an early onset of volting
helps to distinguish one voiceless nasal from another by making the place of
articulation more apparent. This is because the voiced offglide from the nasal
into the vowel displays formhant transitions that are characteristic of each place
of articuiation. Dantsuji has shown that, in addition, the voiced portions of the
volceless nasals in Burmese “include significant cues which can digtinguish
points of articulation.” (Dantsuji 1986: 1}. There are also indications that the
spectra of the voiceless portions differ; for example, bilabials may be distin-
guishable from voiceless nasals made at other places because of greater rela-
tive energy in the lower frequency range in the voiceless portion (Maddieson
1983). The spectrograms in figure 4.5 illustrate the contrast of voiced and
voiceless nasals in the Burmese words in table 4.4, Fere differences in transi-
fronal movements duzing the noise portion of the voiceless nasals distinguish
places of articulation quite well. Note also that for these words spoken ir isola-
tion there is usuatly very little voicing before the release of the voiceless nasals.

[t might seem that the short voiced portions at the end of Burmese and Mizo
voiceless nasals could be regarded as simply part of a fransition universally
required by voiceless nasals. Bot this is not the case. Angami, another Tibeto-
Burman language, spoken in the state of Nagaland, in northeastemn India, has a
very different series of voiceless nasals. Examples of the contrasts among
Angami voiced and voiceless nasals are given in table 4.5,
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Table 4.5 Words Hustrating A ngami contrasts involving veloed and voleless nasals {from Blankenship,
Ladefoged, Bhaskararao siid Chase 1993)

EaLaniat ALVEGLAR Falatal
VECED wE né Rig

“orouth’ ‘to push’ "thousane
Vorrekse mé gé nié

“to Biow” ‘1o blow one’s nose” ‘to paste’

We have recarded a total of 9 speakers of this Janguage. Most of our work
was concerned with the Khonoma dialect; six of our speakers used this dialect,
and only three were Frst language speakers of standard Angami The
Khonoma dialert is distinct from standard Angami in many respecis, but it
uses the same articulatory mechanism for the voiceless nasals. In both forms
of Angami there is no voleed portion towards the end of the voiceless nasal
consonant. Instead, before the voicing for the vowel begins, the oral ocelusion
is released while air is still Bowing out through the nose.

The structure of these voiceless aspirated nasals may be seen from the aero-
dynamic records in figare 4.9, which shows exampies of each of the three
voiceless nasals extracted from a frame sentence. Significant maoments (n time
are marked with artows in the top example. At time {1) the articulators {in this
case, the lips) ciose, and after a few vibrations of the vocal falds voicing ceases.
{in our recordings made for acoustic analysis a jonger volced portion ocourred
at the onset of these nasals) The Hne indicating the oral airflow slopes sHghtly
upwards after the closure, but this is probably not due to any flow but occurs
because the lips are being pushed forwards inic the mouthpiece. There is a
short pause after the oval dlosure is formed, and then the nasal abrflow in-
creases slowly. This is quite different from the sharp rise at closure seen in
Burmese {Figure 47). At time (2) the articulators open and there is a rapid tow
of air from the mouth, At the same time the nasal airflow decreases, but the
velum remains down so that there is sl a considerable fiow of air through the
nose. Al time {3) voloing starts, probably with somewhat breathy vibrations, 45
there is a high rate of alrflow through the mouth, as well as through the nose. 3
we take it that the vowel begins at this point, then we must consider at least the
first part of it to be nasalized.

A similar sequence of events may be seen in the records for the other ftwo
voiceless nasals in this language. The oral airflow on the release of the alveolar
closure {at the equivalent of time (2} in the middle set of records) is particularly
strong. It even causes seine artifacts on the audio record which was made via 2
microphone held just outside the oral mask. The nasal alrflow drops at this
moment in time, but it still remains at about 300 ml/s. The voiceless palatal
nasal at the bottom of the figure shows a far less sharp release of the oral air.
‘These patterns were consistent across all repetitions for all of the nine speakers
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rgaredd Aerodynamic records of Angamb voiceiass aspirated sizsals. See text for explanation.

ff Angami that we have recorded. Oral airflow began a liftle over half way’
mmugh the voiceless section. Unlike the Burmese and Mizo sounds, in which
there is almost always some voicing during the last part of the; nasal, in
Angami’there was never any voicing during this part of the nasal. ’
Thererom these sounds are not simple voiceless nasals buf are more accu-
rately described as voiceless aspirated nasals using aspiration as a description
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of a timing relationship rather than as a label for a particular glotta) width,
From the aerodynamic records it can be inferred that the glotial cpening ges-
ture begins only after the oral cosure is completed, and the peak optning must
occur at or after the oral release. This is the same timing relationship between
oral and giottal articulations that is seen in aspirated stops (see chapier 3, and
especially figure 3.4). In these aspirated nasals the aspiration noise is nasalized
for mast or all of its duration.

The term “aspirated nasal’ is also sometimes encountered in connechon with
other volceless nasals, eg. in Manley’s sccount of Sre {Manley 1972) which is
said to have bilabial, alveclar and palatal aspirated nasals. In thiz language we
suspect that voiceless nasals of the more familiar type were described in this
fashion in order to draw attention to a paraliel between voiceless nasals and
aspiraied stops in the phonology. Pai (1985} draws a dishinction between
volceless and aspirated nasals; both types having voicelessness during the pe-
riod of oral closure, but the aspirated type being followed by aspiration at the
onset of the vowel. He says that the voiceless nasals of Achang have “slight
agpiration’; as such, they are reither exactly like simple voiceless nasals nor
like aspirated nasals. The use of the terin “aspirated nasal’ in connection with
the breathy voiced nasals of KeSukuma has been mentioned above.

Acoustic structure of voiced nasals

As noted above, nasals are most frequently inodally voiced. Vaoiced nasals are
perceptually quite distinct from other speech sounds. The steady state portion
of a voiced nasal consorant ig characterized acousiically by a Jow frequency
first resonance with greater intensity than the other resenances. The higher
resonances have low amplitude. The everall amplitude of voiced nasals is usa-
ally less than that of adjacent vowels. During production of a nasal, air flows
through the pharyngeal cavity and via the velo-pharyngeal port into the nasal
cavity and ouf through the nostrils. The oral cavity in front of the velo-pharyn-
geal port forms a sida chamber to this pathway. Botli theoretical and empizical
stadies of the spectral properties of nasals indicate that this side chamber con-
tributes a spectral rero or anti-resonance (Fant 1960, Fujimura 1962, Recasens
1583). The frequency of this zero is inversely related to the volume of the cav-
ity, which in turn resulis from the position of the torgue (and other moveable
tissues) in the front of the maouth. A more forward articalation of the tongue or
a lower position of the tongue body will produce larger cavity volumes. More
retracted atticulations or a higher position of the tongue body will produce
smalier cavity volumes. The frequency of the first nasal resonance and the oral
zero are both higher the nearer the oral articulation is to the uvalar region. The
merease in the nasal resonance may be due to the decreasing size of the pha-
ryngeal cavity as the tongue is positioned further pack, and/or the size of the
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Tabiz 4.6 Principa? acoustic features of Catalan magals

n n n )
FIRST miasAs FORMANT 250 286 284 - 30
MNASAL FERS {net given) WEa 2830 3705

Tuble 4.7 Mean rasal zeros for the four comanal nasals of Eastern Arrernie

PLACE WiEA: ER= H

DIENTAL 1506 3: 33
ALVECGLAR 1403 1a¥ &4
REMOFLES 163 2% 4]
FALATO-ALVEGLAR 24 233 1z

velo-pharyngeal aperture itself, which is narrower when the back of the tongue
is raised. The nasal cavities themselves do not vary appreciably.

There have been relatively few studies of the acoustic distinctions between
nasals in natusral anguages, and many of those that do exist are limited to m
and n {(Kurowski and Blumstein 1987, Qi and Fox 1992). However, Recasens
(1983) provides some acoustic data on the four contrasting nasals i1 Catalan.
Means of the first nasal resonance from word-final nasals for 13 Catalan speak-
ers are given in table 4.6. His estimates of the nasal zero frequency for one of
these speakers are also reported.

We have made our own estimates of the frequencies of the nasal zeros in the
four coronal nasals of Fastern Arvernte. I the four coronal places involve shifts
in only the location of the tongue contact, then the nasal zero will rise as the
articulation becomes more retracted. IF, in addition, fongue body position dif-
fers, then ap articulation with a (presumptively) more refracted contact loca-
tion but lower tongue body position might have a lower nasal zero than one
with a more forward contact Jocation.

Hstimated values of nasal zeros were obtained for 139 tokens of plain {ie. non-
lablalized) rasals in Fastern Arrernte from the average power spectrum com-
puted over a 10 ms window located midway through the closure of the nasal,
Following a technigue analogous to that used by Recasens, the nasal zero was
considered to be the largest negative peak located between Fi and ¥2 in the
speciral display. The corresponding wide band specirogram was simultane-
ousiy examined to verify that the chosen value coincided with the center fre.
quency of the appropriate area of attenuated amplitude throughout the nasal.
Results of these measurements are reported in table 4.7, A highly significant
effect of place was found in a one-way analysis of variance, F(3,136) = 66.0, v <
88001, All place pairings are significanily different at better than the .05 level
by Fisher's PLSD test (adapted for unequal cell sizes).

If only contact Jocation was invoived in the more forward coronal place
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contrasts, the alveolar place should have a higher nasal zero than the dental
since it 16 a more retracted place. Instead, the alveclar zero is significantiy
lower. Flowever, if the dental is pronounced laminally, then the high tongue
blade position would reduce the aral cavity volume and raise the frequency of
the zeto. The combination of higher tongue body {and a raised jaw} in a
1aminal dental makes for a smaller cross-sectional area between the roof of the
mouth and the upper surface of the tongue, hence a smaller oral eavity voi-
ume, than for an apicel alveolar If the tongue posture were the same In the
gental and alveoiar cases we would not see the observed result.

The retroflex and palato-alveolar nasals both have nasal zeros at higher fre-
quencies than the dental or alvealar nasals, as expected. The palato-alvealar
has a significantly higher value than the retroflex. While we do not know the
specific nature of the Arrernie nasal articulations wsed by this speaker, the ob-
sorved values would be consistent with the palatal being lmminal and the
retroflex apical a5 we saw for Arrernie plosives in chapter 2, figure 232

Despite these acoustic differences, nasals with different places of aviicuia-
tior: axe pooriy discriminable one from: another on the basis of she voiced
steady state portion isolated from the transitions which might precede or fol-
low it {Malécot 1936, Nord 1976). Coarticulation with adiacent vowels also
may have a strong influence on the perception of place of articulation for na-
sals (Zee 1981, Kitazawa and Doshita 1984). In particular, these studies suggest
that high front vowels present an environment in which bilabial nasals are
neard as if produced with a further back articulation. This effect may have
contributed to the change of Classical Latin m to » in Old French in manosyl-
labic words, such as rem ~—> rien, mewn — mien {final nasals were lost except in
manosyliabies, and iater changes have resulted in nasalized vowels rather than
final nasals), and to the reduction of the number of contrasting final nasals in
Chinese {Zee 1985}

4.3 Partially Nasal Consonants

$ince the raising or Jowering of the velum is independent of the movements of
(most of) the oral articulators, an essentiaily staric position of these articulators
car be maintained while the position of the velum is changed. In this section
we will discuss the existence of sounds which could be described as being par-
tiatly nasal, that is, the velic position is changed during their production so that
for part of their duration they are nasal and for part of their dusation they are
oral. It is possible to imagine a much larger number of potential categories of
partially nasal consonants than those which seem actually to have been ob-
served. I we consider just those consonants produced with the pulmonic air-
stream, then the observed partially nasal consonants fall into only four classes.
These are prenasalized stops (including affricates), prenasalized fricatives,
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pr’esiopped nasals,‘and, perhaps, prenasalized trills. It all but prestopped na-
sals, the nasal portion of the segment vccurs before the non-nasal artPWe d
not ,know of any cases of prenasalized lateral or centzal approximgnts: nor dg
we Know of any types of segments other than prestopped nasals in wllnich th
nasal portion follows the non-nasal portion. Surface ‘medionasal’ segment .
stops with an oral onset and offset, but a nasal medial portion - are rego:::ciai;

Kaingang {Wissemann 1972). Tt & i
(Wie <}, These are the varants of prenasali
oceur medially afier oral vowels ? Flizec stops that

Pre- and postnasalization do not seem to occur with glotralic consonants. W
know of‘no cases of prenasalized implosives. Prenasalized ejectives are at‘b :
marginal. A}?_lmugh voiceless siops preceded by nasals in Zuluy may be fSt
;}aur:ce’é as ejectives (eg. class 9/10 prefix /N/ + stem /[-pala/ ”ani{ela F:'O:
fimp aia]} it 1s probable that the resuiting strings do not have the tfruntpe ;
prenasalized efective stops, since the function of the prothetic vox«;el it ?sje c::i
here seems to be to provide a syllable nucleus for the nasal o attac:‘h ter ?;:
would be unexpected befure a unitary prenasalized segiment, and the ‘r‘ 1?
may be taken as simply a coda conserant in this initial syllable. ’Pr-c:'nasaiiza’:iil

3 . - ey B . s
GO Wi nl Cil( }\b bf_lt we WII}, pt)stp‘}!}& (i SCUSSION of dhis ty?ﬂ of Sotnct
7
85 QCCUT x

Prenasalized stops

?nhf am,uaf;:ty in the mode of production between plosives and nasals results
} & connection between nasals and stops in the phonology of many languages
?emf“myEcasl?s & sequence of a nasal and a stop must be homorganic; for exar; ‘
;. . - - - i
E; ,a n Ing ish, nasal + stop sequences within a morpheme must be hom-
atggd;fé; 1; sglch a sequence the nasal portion s terminated and the stop initi-
duri;g .igeyse)]z raismgi:h; vei?m‘ A change in laryngeal setting may also ccour
guence, as often been argued that simsilar
. . ‘ } estiral sequences
;r;:;};rfilanﬁu;;gefs §ho;.:3d be treated as unitary segments, garticu!ari}?iﬁ they
0 sylaoie-initial position. In this case, th i
) . , these segments are known as
f;??;?;ai;\fad‘ staps, aimd are often notated by a superscript nasai symbol pre-
; e stop symbol, 12, as ®h, M, Y etc., alih ere no i
g ¢ s 7, 7d, Vg ete, alihough where no ambiguit
: 51?}5 ;15 r;;ns‘torr‘zary Bot to use supersaripting but to simply write a n.asalg‘am)%r
phoniﬁg?g?‘l! \at'm n;)b, nd, gg. This raises the question of whether there is a
: Istinctiom between prenasalized sto d
S, < stops and nasal + stop sequences,
iinmist}}:eg ;ve are here co?cerned anly with whether phoneticians should dis-
qué's'-‘cn c—:jtf.;:een prenas&‘mzed stops and nasal + stop sequences not with the
acn of the phonelogical representation of such a distinction.) The discus-

sion can < i ! f
; also be taken to appiy to prenasalized affricates and fricatives, but for

Cﬁgven;ence we will confine our examples to staps.
" the , .
the face of It, it would seem that we need to make such a distinction
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Figure £.10 Spectrograms cof Sinhals werds contrasting “prenasalized stop’ in lasda “Blind” and
N - e »
heterasyllabic nass] + stop sequence in Ianada thicket’,
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Figure 411 Spectrograms ilustrating single and geminate nasals in Sinhala in the words pang "ques-
oy’ and prenna Junped'.

givenr that there are reported to be languages which d%stén_g‘l{ ish bebween
prenasalized stops and nasal + stop sequences. One frequently cited e:"caf'nple
is binhala {Jones 1930, Feinstein 1979}, The conirast referred to this way 15'1151.:5:
irated by pairs of examples such as the words normally cited as ‘iazz(}a “thicket
and la"da ‘blind’. Spectrograms of these wards are provided in figure 4.10. We
measured the duration of the interval from the onset of the oral closure for the
nasal to the burst of the stop in several such pairs in recordings of two Sinhaizli
speakers. Por both speakers the mean duration of this interval in the so;canea
prenasatized stops was close to 100 ms. For one speaker rh_e contrasting se-
guence was twice as long, and for the second closer to three times as long, 275

-
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w ar ndu hinnde

G 100G 200 300 4060 500 0 IGO0 200 300 400ms
Figure 412 Spectrograms Hhustrating “prenasalized stop’ and geminate nasal + stop in Fula in the
vierds waands ‘mockey’ zod hinnde “steamer”,

ms. The additional duration is added in the nasal portion, resulting in a nasal
of comparable duration fo a geminate nasal, as may be seen from the Sinhala
exarnples of single and geminate nasals in figure 4.71. Note also that the
‘prenasalized stop’ in la™da is of comparable duration 1o nasal + stop durations
in other languages, such as English, where word-medial nasal + stop clusters
have durations in the range 90-80¢ ms according to Vatikiotis-Bateson {1984)
and Lisker {1984). On a phonetic basis at least, this contrast in Sinhala is more
appropriately described as a contrast of single versus geminate nasals fol-
lowed by stops, that is [mb, nd] vs [mmb, nnd}, etc. The phonological difference
between these is principally that the geminate nasals are heterosyllable, but the
single nasal + stop sequences form a syllable onset (Caims and Feinstein 1982).

There Is a similar contrast in Fula, but whereas in Sinhala nasal + stop ele-
ments only occur word-internally, Fula prenasalized stops may appear word-
initially. However, the longer nasal + stop sequence does not occur in initial
pesition. Fula examples are illustrated in figure 4.12. As in Sinhala, we feel that
the phonetic difference between these examples is best described as one be-
fween singie and geminate nasals preceding a homorganic stop. The phono-
Jogical patterns of Fula certainly support such an analysis: for example, when a
suffix beginning with a prenasatized step is added to a stem with a Fnal conso-
nant, the resulting form has a longer nasal portion {Arnott 1970, Mclntosh
1984). Examples of this suffixation process are given in fable 4.8,

In our recordings of Fula these 'geminate prenasalized stops” do not have
much greater duration than might be expected from concatenation of a single
fasal and a stop in some other language. And our measurements on a number
of words with non-geminated prenasalized stops from two speakers showed
that the total duration of the nasal and stop portions was in the range 45-140
ms, with a mean close to 60 ms.
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Tebix 4.8 Pula single and geminate “prenasalized stops

RO Flheat, COMSOMANT IN STEN
stern Waa & noun class suffixes ~nda [/ -1
{iritia; consonant mutation 2150 relates o noan clzss)
waanda “monkey”
haadi nonkeys’

FInAL 3TEM COMEONAMNT
stem biC + noun cass suffixes -gga [ -ko
hinaga Pig ehild
bikko “big chitdrer

bl 4.9 Mean duration of medial prenasalized consonants and selecled other corsorants ir Fifan

MEAT i M

Braunsalized stops: 11 speakers from theee fiec! veeus

mb 132 22 a2 -’
nd 13 38 83
L3¢ 134 58 45
ng 114 32.6 £5
Cither merfial consonants: § Stusdard Fifian speakers cudy ™
i i35 125 24
K 116 30,1 24
H 117 153 23

It might be argued that the shortness of this duratian is evidence for a dis-
tinction between a prenasalized stop and a nasal + stop seguence. Herbert
{1986}, in his monograph on prenasalization, suggests that the phonetic charac-
terization of a premasalized consonant is precisely that it 1s a sequence of
homaorganic nasal and non-nasal elements that are approximately equivalent
to the duration of ‘simple’ consonants in the same language. By implication,
this means that a nasal + stop sequence would be longer than a simple stop.
We feel that this view rests on false assumptions and, fusthermore, does not
take into account the variability in timing of segments both within and across
languages.

As Browman and Goldstein (1986) have shown, the sequences mp, mb in
English do not necessarily have any longer acoustic or articulatery durations
than the single segmments p, b, m. They also show thay the fiming of these
English bilabials is very similar to that which they find in word-initial p, ™,
mb in the KiVunjo dialect of KiChaka, where mb is ususlly anslyzed as 2
prenasalized siop. Similarly, in Fyan the acoustic duration of prenasalized

stops (Maddieson 199Ca, Maddieson and Ladefoged 1993) is very comparabie
to that of other consonants in medial position as the data in table 4.9 shows.
But in measurements from a KeSukuma speaker mtervocslic voiced bilabnal
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énd _vefar' prenasalized stops had a mean duration of 144 rm
intervocalic voived bilabial and velar stops had a mean duration of 23 Wéer;tas
long mwefg and 30 ms after short vowels, and intervocalic bil It:'aj nasals 2
mean _du_rat:qn of 94 ms after long vowels and 73 ms after shcr; f‘ e
\;ana: tions in the duration of homorganic nasal + stop sequenc&sﬁ ::ijie
izntu:e;c:;ea;:?bieh l_ugqpiementaﬁon of a process of gestural economy. Two ;E;Zn
g _which require homologous atticulatory gestures mha ’
g;;;ii ;:ﬁlre; }f;nﬁ%—if :iombmed gesture. In the present casge the fwo arzl Eieosp:?e
gestures for ¢ th; ;a and the stop may be pictured as overlapping, with both
e release of ¢ :mirst anthhe closure formation of the second suppressed i;r
the interess of fmr;{z:?y. e degr}ee to which potential gestural economy is
coi*déng to linguistic eni?zﬁﬁaﬁsniﬂéfg Euigfh andl i oy unges varies ac
ihig kind of gestural econormy produces ; Eenzga:ﬁf;gmoafn: B:er::hf:i%mguagm{
which extends into the time period “vacated” by the aompress?on Qf ;}?g el ¢
5to;)_. '_Fhe process operates fo different degrees in different Bant?; I M-
;x;f; c; ;;e[f,; iznf§9 and CiYao, less in KeSukuma and Runyarnbo (Ma:cgéliigsr;
and Lac & < 3, Flubbard 1995). In Austronesian and Australias lan ages
prenasalized stops such vowel lengthening has not been observe%iu *

Voicing control in nasal + Siop sequences

A T tin 1
‘ ;0::;1'{ 1; :asvon,qapa?tlfl om the duriahonai considerations discussed above, for
. B p_rmasa_ilzed segments as distinet elements fr he phoneti
point of view is the independent contrei of voici hin the sequamoe 1o
ot anianes fhe, dep conizol of veicing within the sequence. In
quem&; Lohes ot ha ¢ een said to have prenasalized staps only voiced
e oceu .C:r o ir, f“.thﬂse languages where the stop cornponent may
oo vepmane thce ®5% the nasal component of the sequence is generally
et Iy ot g v;mmg state of EI“_ze stap (Herbert 1986). Thus, in rnany
'vojcelesslupreq.aqa}‘j h ;s , eSukama (Batibo 19765 there are hoth 'voiced' and
e s Stmn.gi. asd_ f gpsk In KeSukuma the voiceless prenasalized stops
1 Maddigsa.rp;gag.le f, as 121.asfrat§d in the aerodynamic records in figure
e relogors 1 ies T 1 ar fu.atther discussion), and this is trge for most of
e d L mg:;l egrfj‘;a lnbphcqm'ei;c terms the voicing difference between such
i activaly chme ‘nu " ut solety in the stop. In other words, the voicing siate
acel Sepmns %he ;; ga}vi Sn":fecs.le ofd ?evquelnces such as mp, nt, gk. Although
u!}i:a?' Segment is quite eecen {1:;21 ¥ voiced, a change of voicing within a
strould not it irat
Prenasa}imdnzggbz tl;;xig;f that aspiration necessarily accompanies voiceless
ctops o s & 3] - The zstmgtmn _betwaen the two series of prenasalized
i e meng dialects of Thailand has sometimes been reported asea
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Figure 415 Aerodynemic records lliustrating voiced and voizeiess prenasaiized stops in KeSukuma
in she words mbsaa ‘goat’ and mpagga alive {pevson).

voicing contrast (Lyman 1579). Smalley (1976} transcribes the confrast
phonemically in the labial case as between /mp/ and /mph/ buf gives the
phonetic realization of /mp/ as {mbl, and so on for other places of artkcula-
tion, implying that these segments are similar 1o those in KeSukuma. In fact
the distinetion is between voiceless aspirated and unaspirated, with the nasal
portion voiced and the non-nasal portion vojceless in both cases. Specirograms
of selected tokens from a word list recorded by a speaker of the Hmong
Daw (White Hmong) dialect are given in figure 414 to iliustrate this
point. An additonal detail noted in this language is that the daration of
the stop portion is strongly refated to the place of articulation, increasing the
further back the articulation is. The figure shows bilabiel and uvular cases in
order to indicate the range of variation cbserved with this speaker. With bila-
bials the stop ciosure can be extremely short, as in the examples shown, but
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e 414 S il i ; i

Fi g 1 ?ZH :pgc:mgams Hustrating veiceless unaspirated and voiceless aspirated bilablal anid wnsdar
prenasalized stops as prorounced by a female speaker of Hmong Daw. The words are mpe ‘name’
tiphan “terbulent’, ngan “thatch” and sqluna ‘defed up’. J

uvular stop ciosures demonstrate maximum duration. Strong and noisy aspi-
ration follows the release of the aspirated cases. This portion remains re}a%ix:e%
sitnilar in duration across differences in place. ’
On the other hand, voicing assimilation is not unusual in clusters; and some
langga.ges do have voicing assimifation in nasal + stop sequences u’ncier ;Dme
coz_‘ac?mons. Thus, in Burs, utterance-initial nasals preceding stops share the
voicing category of the stop that follows them. This occurs in both bomerganic
a;”ifi heterorgamc' nasal + stop sequences. Specirograms exemplifying the
three-way phonetic contrast of nd, gt, mt, are shown in figure 4.15. When these
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irnilation i srganic and reanic nasal +
Figure 4.15 Spectrograms Hustrating voldng assimilation in homorganic m;u hiterorganu 1
ik ) ° ) B . i P . ‘death’,
stﬁp sequences in Bura in the words / pds/ ‘caok’, /nta/ “tear {vb.}, /ma/

devoiced nasals are preceded by a voiced segment in context ti’agy ?resv;cszi
and there is no reason to assume that Bura has underlying voiceles E
ieson 1983} ‘
{MSS‘f;}?E:;g of nf}:sais before voiceless stops also occu zs;r_n a na:z;}azx; c;\[ffsjgz
languages in southwestern and northeastern paris of A -nca,bs‘,?a : é dongo
and Kwambi (Baucom 1974} and FPokomo, Parg, Shm:n a; ar; Sondd
(Hinnebusch 1975). We have heard exampives from Bondei an } note \ ]O;Eig
phenomenon is different from that in Bura, Bura has a conmpieie Y opeiimgt ot
and a high volume of airflow in its voiceless preconsanam%} h&S_&iS}S(} o b&;’
scund similar to the voiceless nasals in Burmese. In Bondei theqlge SLEISS fo o
less forceful airflow and the vocal cords, though apart, are vi ratéﬂc,o ;e;&}&
The result is that a very low amplitude penod;‘c cornponent cana ebe ;_mwn
for all or part of the duration of the nasal, Thzi phenm‘ngnon ce;m -am. "
mare clearly in a waveform display, asin figure 4.16, than 1rl1 Asp -a-in}ﬁ; ! -
this token the nasal is acoustically noisy throggh?ut,'but at 1t}s De% Uibéﬁm‘
end a weak periodic wave can be observed, indicating vocal cor Jpration.
The differances between Bura and Bondei sgggesﬁ that E‘h? manner E}In. Bfmd:gi
ing assimnilation cannot be quite the same in thesg two 1c‘;ngua§es{ | Bone to{
unlike in Bura, the stop releases are aapirat_s:d. _Thxs fact is per’ ?pt-i 1; B
the differences in the devoicing process, in that the Peak of the g_,cai aﬂms;;m -in
gesture is presumably later in relation to formation of the orval ¢
i than in Bura. o

BQ?;EEB %t;dei pattern is related to the breathy veiced nasa}s; cif E\chzzrte:g;a z?i
KeSukuma discussed earlier. In these languages, the orar stop portiol
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stop
relegse ’ I!

nasal aspiraton

Figure 4,36 Waveform dlustrating weak voral cord vibeation in devoiced nasal preceding aspirated
stop b the Bonded word maa ‘tHapia fish’,

voiceless prenasalized stop has been lost and what remains is a nasal on which
a glottal opening gesture is overiaid.

Whatever the facts concerning articulatory timing and ¥oicing may bein a
given case, the motivation for talking of prenasalized stops, rather than of a
nasal + stop sequence, is offen phonological rather than phonetic (in languages
which do not have a within-language contrast of the type found in Sinhala and
Fula). A unitary analysis may be preferred becanse the language has no pther
consonant sequences in any position, as in Fijian Milner 1936}, or has no other
consonant sequences in initial position, as in Gbeya {Samarin 1966). We note
that the unitary analysis also avoids recognizing a syllable onset with the struc-
ture nasal + stop. Syllable onsets with this structure violate the expectation that
MOre SoRorous elements (in this case nasals) appear closer to the syliable nu-
ceus than less sonorous ones {stops). in conformity with well-established
ieas of the sonority hievarchy (cf. Jespersen 1897-9, Hooper 1976, Gteriade
1982). In fact, viclations of this particular kind seem to be rather prevalent,

A further question on prenasalization concerns whether any distinction is
impliced by the use of both transcriptions like [™'h, "d] and like Im®, 0%}, which
have sometimes been distinguished  as  ‘prenasalized stops’  versus
‘poststopped nasals’. The latter were noted by Y. R. Chao in Zhongshan (Chao
1948) and Taishan (Chao 1951), two Yue dialects of Chinese. More recently,
Chan (1980} explicitly distinguishes between the two possibiiities in her ac.
count of Zhongshan phonology. The basis for the proposed distinction lies in
the perception that sermetimes the nasal and sometimes the stop portion is
more prominent. We do not know if this refiects a differerice in relative
durations of the components, or a difference in the amplitude of the burst for
the stop in one case as opposed to the other. Historically, the Chinese post-
siopped nasals derive from simple nasals, in whose production, as Chao com-
MEAts “the nasai cavity dosed too early and the oral cavity opened too late” in
the transition from the nasal to the following vowel. Given this historical
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origir, it seems quite likely that the poststopped nasals would have a relatively
weak burst, bui 1o comparative study has yet been carried out.

Prestopped nasals

Similar questions to those raised in the discussion of prenasalized stops arise in
connection with the possibility of a phonetic distinction between a sequence of a
nasal preceded by a stop and a unitary segment which might be called a
prestopped nasal or a nasally released stop. We do not know of a language in
which it has been praposed that these two types of elemenis contrast, but the
phonoiogical paiterns suggest that different analyses are appropriate in differ.
ent cases. In some languages a syllable-initial homorganic sequence of a siop
and a nasal is guite uncontroversially freated as a sequence of two separate
segments. Russian is one such language. In Russian, many different syllable-
inital consonant sequences occur, and stop + nasal sequences are just une of the
possible types. Moreover, many of the words with initial stop + nasal sequences
appear in paradigms which also include forms that have a vowel separaiing the
stop from the nasal. Some examples are given in table 4.10. From these consid-
erations, the separate status of the nasal and stop elements is clear.

Eisewhere, parlicularly i Australia, jangnages have been deseribed as hav-
ing ‘prestopped nasal” segmentis. In the case of the Australian languages there
is offen a close connecton between a simple nasal and a stop + nasal sequence,
In Diyari (Austin 1981), intervocalic apical alveolar and lamina! dental nasals
following primary styess may optionally alternate with a stop + nasal se-
guence, provided that the initial consonant is not a nasal. In other positions
simple nasais occur. In Arabana and Wangganuru (Hercus 1973) there is a
simnilar, but apparently not optional, rule thal also applies to bilabial nasals.
Finally in Olgolo (Dixen 1970, 1980}, because the initial consonants which con-
trolled the distribution have been dropped, simple nasal and stop + nasat are
in cortrast in intervocalic position. A similar process has occurred in Arrernte
(Dixon 1980} In this language initial vowels have also been dropped, so that

Tablz .10 Partial paradigms of Rasslan nosns with stop + nasal sequences (palatalized” stops and
naszls are represented as laminal pest-alveolars, transeribed as ¢ 1)

“bettam” ‘el
2O 5E dno don
T SG. dna gna
0N, B, ‘donja dai
SEM. L. ‘dogjev dnej
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Tuble .31 Eastern Arrepate words EiIusErat‘mg piain nasals, and pre- and i
viaddioson acd Ladefoged 1993 i postmasalized stops (from

PrLas pasas, PRENASALIZED STOR PRESIOFIED NoSae
apama  Csitting ampaja knee apmadg  Ccamp’ -
mwars  ‘good mPWALD ‘make pErWAld  coolamon’
ane ‘tree” anfams  aching kaina ‘o
amagr Ry ankams  ‘speaks akga ‘carry’

the prestopped nasais may occer in word-inital position. None of the unam-
biguons consonant sequences of the language are permitted in this pesition.
Examples of Eastern Arrernte words with pre- and post-nasalized stops are
given in tabje 4.11. Nothing in the descriptions of these languages suggests to
ug that there is anything phoneticaily remarkable about the ‘prestopped
nasals” in these languages, or that they are different in kind from the sequences
that oceur in Russian. The phonetic problem is again one of stating the Hming
r‘e!atianship between oral and velic articulations, and relating the phonetic
facts to appropriate phonological structures.

Buth phoneticaily prestopped nasals and pbstlnasaiized stops occur in Bast-
ern Arrernte. The prestopped nasals are variants of plain nasals and are voiced
thrcughout; they are dlustrated in chapter 7 in figure 7.23. The post-nasalized
stops, exemplified in table 413, have a voiceless stop release.

Another instance in which nasal release oceurs is in some of the languages
‘which are usuaily described as having unreleased final stops. A good example
is Viemla.mes.e. In this language word-final stops are usualily releazed, but tha;
release is by lowering the velum while the oral dosure is maintained, so that a
short voiceless nasal is produced. T

Prenasalization and trills

S{}me other sounds combine prenasalization and tritting. Trills are primarily
discussed in chapler 7, but we will briefly consider here the occurrence of
plrenaltsaiized stops willy a trilied refease. The known types are of two sorts
§1iab1al and apical {alveolar or post-alveolar in place). Both occur in certain’
languages spoken in the Admiralty Islands north of the New Guinea mainiand
(I;adefoged, Cochran and Disner 1977). Kele examples are given in table 4.12.
V\c:r‘.ds containing prenasalized bilabial and alveolar stops with trilled release
are Hiustrated in the spectrograms in figure 4.17.

There are sorne salient differences in the roles that these swo sorts of trills usu-
ili}f play in the phonology of the languages concerned. Whereas apical frills
" general are common seunds and the prenasalized ones are not limited to
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Fiure 417 Spectrograms Hlustrating contrasting prenasaiized alveolar and bilabial stops with trifled
selense jn Kela in the words ndrat ‘[your) blood” and mbesen 'its frai’.

Table 412, Words iHustrating bilabiat and alveplar prenasatized stops with tritled refease in Kele,

PREMASALIZED BR.ATIAL PRENASALIIED ALVEOLAR ALVEDLAR

mbngen  Cit's fruit nariket ey’ rigrie  sp.of insect
mboplel  ‘greens’ ndrin s/ her bone’ raman  Cred’
mbouin  her vaging’ ndrilen song’ rarai  sp Hsh

particular vowel contexts, the prenasalized instances are virtually the only occur-
rence of any bilabial trills in the world's languages, and are ssualiy st Hmited in
their ocourrence to the narmow set of environments in which they developed
{Maddieson 198%, Demolin 1988). Apart from a few exceptions which remain
unexplained in Nias (Catford 1988b}, and the special case of Luguan Yi Sicative
vowels {see chapter %), all bilabial trills historically developed fom a sequence of
a prenasalized bilabial stop followed by a relatively high back rounded vowel,
Le a sequence such as mbw. These segments remain prenasalized and contain a
short oral stop phase which Is released into a trill that eccupies much of the an-
ticipated duration of the fellowing vowel. In languages such as NaZahai, where
the trilled release is in complementary distribution with a simple prenasalized
bilabial stop, the bilabial Inll articulation s equally open to being regarded as a
madification of » that oceurs after a prenasabized bilabial stop as to being re-
garded as a modiffcation of mb that occurs before w

Table 413 shows the results of measurernents on prenasalized bilabial stops
with trilled release in three Austronesian languages and the Camerounian lan-
guage Nweh, The duration of the oral stop closure before the il s exacty
comparable 1o that in prenasalized voiced stops in other languages, wherz it is
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Tatte 4.13 M&arE measurernents of prenasalized bilabial siops with trilled release in three Ausbronesian
langzuages and in Nweh {3 speaker each, number of tokens in parentheses after language namel

J—

Dugamomr oF koN- Drirancr o FREQUENCY RaTE
masab ([bTrcaosupe PERISE IN TRIEL O TRILLING
Kurli {n =37} 338 ma 37.6 ms 268 Hz
s.d. 548 g 2.8
Ngtalol {n = 2%} .7 s . 45,6 ms 221 Hz
s 1.2 3.7 1.5
Hripip {1 = 14) 338 ms Wi3ims 27.2Hz
o 123 43 38
ek (1w 333 33 Fms 4.1 ms 23,3 He
s 4.1 373 31
hean across languages 33.85 135 248

usually on the order of 30 ms. The closure period in the trill is considerably
shorter, resulting in the duration of the period from the release of one dosure
c}lf the trill to the release of the next being only & Little longer than the ;.stop
closure. Most interestingly, the rate of trill vibration for the lips is only slightly
slower than that observed in apical trills despite the larger mass of the lips:
This point will be taken up in chapter 7, '

The use 0? a trill as a modification of the release of a coronal stop ooours in &
number of languages. Stops of this kind are reported in Austronesian lan-
guages such as Malagasy (Dyen 1971), Fijian {Milner 1956} and several of the
Admiraity Islands Janguages in addition to Kele. The Fifian case is reportediy a
trill fc:!icwing 2 voiced prenasaiized post-alveolar stop, But in a study of 11
speakers af Fijian, Maddiesen (1991) observed that tritling was in fact very rare
at the release of this stop. The major distinguishing characteristic is rather that
the place of articulation is postalveolar.

4.4 Nasalized Consonanis

Tf_wre are fwo major types of nasalized consonants, One type is a nasalized
click. ance the click-producing mechanism of the velaric airstream operates in
front of the velic opening, pulmonic air may quite freely pass through the nasal
passage simultaneously with the production of a click, resulting in a nasalized
c:IzFK, A variety of different laryngeal settings may also be emploved, so that
tais nasal accornpaniment to the click can be voiced, voiceless, ‘;:rreathy and so
on. A separate chapter is devoted fo clicks, and these nasalized ciic}s;s)wili be
discassed there,
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Tabde #.74 Masalized and non-nasalized voiceless glotta! approximants in Kwvangali

i&t)f:m “devits thort hompa  chiet ]
huhwa fows hiia “bite”

muho kind of spens” mubona  master )
Lohi "heneat, under” ruhunga  Cfeather”

Qwhﬂﬁ%%%‘mm [100
atrtlow ml/s

The second major type of nasalized conscnants are oral continuants (frica-
tives and approximants} produced with alowered velum so that air is also free
to pass out through the nasal passage. These types of segments occur most
often as allophonic varants of their non-nasalized counterparis in positions
where nasality spreads from a nasal consonant or & nasaiized vowel in the
neighbourhood, The segments said to be involved are ussally voiced. For ex-
ample. standard accounts and our own observations of Yoruba agree that the
voiced approximants w and } are nasalized when they precede a nasalized
vowel. In some languages a nasal segivent can be accempanied by anticipatory
nasalization, potentially of several preceding syllables, as ccours in Guarani
{Gregores and Suarez 1967, Lunt 1973). (Guarani also has been variously
analyzed as having inherently nasalized morphemes or a set of nasalized vow-
els, and nasalization also spreads from these. The facts are phonologically
complex and a full presentation wiill not be atternpled here). In the course of
this spreading of nasalization, nagalized veoiced cortinuants and approximants
are phonetically derived. Gregores and Suarez note that the nasalized counter-
parts of the voiced fricatives v and v are the voired approximants §and .

Languages clearly differ in the degree to which nasalization spreads to and
through adjacent segenents and the direction of the spread, and hence in the
number and kind of surface nasalized segments that occur, as has been shown
by Cohin {1990, 19%3}. The acoustic consequences of a lowered velum are also
nol uniform for segments of different types. There is very little auditory differ-
ence befween nasalized and non-nasalized  volceless  fricatives and
approxdmants; and it seems likely that articulatory assimilation of voiceless
sounds to adfacent nasal or nasalized segments is more cormmon than 15 uste-
ally reported. We believe that in Yoruba, for example, the wvoiceless
approximant h is usually also nasalized before a nasalized vowel, although this
is not noted in descriptions of the language. Nasalization of 1t is cleariy demon-
strated in Central Igho in a kymogram tracing published by Carnochan (1948),
and in Sundanese in data published by Cohn {1993). We are less sure that the
nasalized voiced and voiceless labiodental and alveolar fricatives reported for
Igbo by Green and Igwe {1963) aciually have simuBlaneous nasal airflow,
rathier than being elements that occur with nasalization of the following vowel
- the device of marking the consonants as nasalized being employed, as noted
by Williamson {1969), to identify the limited set of consonants that car begin
syllables with nasalized vowels. _

FHowever, nasalized volceless approximants do cccur contrasiively in some

airflow i
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Fignre £.18 Aerodynamic recerds of voiceless giottal fricatives in the Kwangali word heho
helinG denil's thorn

=
]

Southern Bantu languages. Both Kwangali and ThiMbukushu, two Kavango
languages spoken in northern Namibia, have ciear contrasts butween h and h.
Near-minimat pairs from Kwangali are shown in table 4.14. Aerodynamic data
for the first word in table 4.14 are shown in figure 418, During the initial and
the intervocalic consonant there is both oral and nasal airflow. In both cases the
peak velocity in the nasal airflow is greater than that in the oral airflow. It is
also evident that there is a great deal of nasal airflow throughout both vowels.
These vowels are both phonologically o (there are no contrastively nasalized
vowels in this language), but they are phonetically 4. In all the words contain-
ng b that we recorded it was clear that the following vowel was also nasalized.
The rasalization might therefore be thought of as a property of the syllable as a
whole, much as it might be in Yoruba. But in Yoruba nasalized vowels contrast
with oral vowels after oral consonants and rasalized semivowels oceur only
before nasalized vowels. In Kwangali there are no phonologically nasalized
vowels; these vowels ocour only in the context of nasals and nasalized conso-
nants, which must include h,

Nasalized continuants have been claimed to be contrastive segments in 4
nimber of languages apart from 1gbo. Boyeldieu {1985) argues for interpreting
% as a phoneme in Lua. Stringer and Hotz (1973) describe Waffa as having a
nasalized voiced bilabial fricative B. This seginent costirasts with f, m and
the sequence mb (ireated as a single unit by Stringer and Hotz). Exampies
ilustrating these sounds in Waffa, taken from Stringer and Hoiz's work, are
given in table 4.13. Stringer and Motz do not comment on vawel pasalization,
but they do not report nasatized vowels to be phonternic in Waffa,

Ohala (1975} offers persuasive reasons for belleving that voiced nasalized
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Tabje 415 Words iilustrating voiced bilablal segments in Waffa inciuding the nasalized fricalive

Mk MEmaar
mh mbiieme “starnens’ jambda ‘bansna’
Jid @aini “close by’ aofla {type ef yarn)
B Bata "grovnd” jaifla “reed skirt'
n matee Bt kama ‘roud lare’

fricatives are difficult to produce, since to generate friction at the oral constric-
tion while air is flowing out through the nasal passage requires a high volume
of airflow and voicing limits airflow through the glotiis. These antagonistic
factors presumably account for alternations between non-nasalized fricatives
and nasalized approximants such as those reported in Guaranl. We do not
have direct evidence that Waffa § is actually fricative, rather than approxi-
mant, in nature but there is good evidence that a nasalized fricative occurs in
UmMbundy. According to Schadeberg (1982}, UMbundy has a ‘voiced nasalized
tabial continuant’ which he symbolizes with ¥, He classifies this segmient as an
obstyuent, and after commenting on Ohala’s observaiion indicates that it is a
fricative; additionally he points out that it is distinct from the approximant W,
which alse appears in the language in certain predictable environments. His
analysis of the patterns of nasalization in UMbunda leads him to posit ¥ as one
of 2 set of four underlying nasalized consorants, namely 9, i, I, j. These occur
preceded and followed by phonretically nasalized vowels. but the nasalization
of the vowels is treated as the result of a spreading of nasality from the <opso-
nants. Underlying nasalized vowels alse occur, but the pattern of spreading of
nasalization from these is different, and nasalization of consonants canmiot be
accounted for in this way. Hence ¥ is both a phonetic and phonetogical seg-
ment in UMbundu.

A third and minor type of nasalized consonant s a stop produced with a
iowered vehun. Nasalized stops can only be produced if the oral closure 35
further back {or lower) than the velic opening, that is, in the pharyngeal of
giottal regions. If the closure is in front of the velic apening it will, of course,
result in a nasal consonant rather than a nasalized stop. Naszlized giottal stops
occur in Sundenese, though in contexts where their nasality is predictable
{Robins 1957).

45 Conclusion

The aerodynamic and acoustic consequences of a lowered velum depend very
much on whether or not there is a concurrent oral or giottal acclusinn. In ac-
cord with this, we follow traditional phonetics and make a sirict distinction
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between nasals and nasalized sounds. Only when a lowered velum is com-
bined with a forward oral occlusicn are members of the ¢lass of consonants we
call nasals produced. Accompanying any other articulation a lowered velum
produces a nasalized sound. In traditional phonetic classification the major
consonant manner classes consist of those based on degree of stricture, ie.
stops, fricatives, and approximants, pus nasals. In this classification these
classes form & mutually exclusive set. A segment cannot be both a nasal and a
stop; similarly it canrot be both a nasgal and a fricative or a nasal and an
approximant. The significance of these classes is shown by the fact that the
great majority of the world's languages include members of each class,
whereas nasalized consonants are comparatively rare in the world's lan-
guages, and frequently are only derived surface segments. In nasalized
sounds, the major manner class of the segment is determined by the degree of
stricture of the oral articulation. Although nasality is an accompanying feature,
a nesalized fricative, say, is still 2 fricative acoustically as well as in terms of
distributional privileges and syllabification. Although what we call nasals
have been called "nasal stops’ by others, they are not straightforwardly the
nasahized equivalents of plosives in the same way that ¢ and j are the nasalized
equivalents of v and j. Nasals are acoustically continuant, characterized by a
steady state. And they are often distributed in a way that is parallel to liquids
and ather sonorants, rather than to stops.

Nonetheless, the same articulatory property, a lowered velum, distinguishes
nasals from plesives as distinguishes nasalized fricatives and approximants
(and vowels) from their non-nasalized counterparts. In articalatory terms a
single classificatory feature [nasal] is all that a phonetic theory requires to ac-
count for both nasals and nasalized segments. Furthermore, there is no need
for more than the indication of the presence or absence of nasality. At least as
far as consonants are concerned, we need to indicate only whether the velic
aperture is open or closed, since there is no evidence that degrees of opening
are hnguisticaily relevant. {A possible counterexample with respect o nasal-
zged \{owels in: Palantla Chinantec will be discussed in chapter 10). We recog-
nize that ;}.asals are characierized by the [stop] value of the feature Stricture;
they are distinguished from stops by being [+nasal}, a specification that applies
also to nasalized consonants.

Using the same featurs may appear to overlook the differences between na-
sals and vasalized fricatives, nasalized approximants and nasalized glottal
stops that we have stressed above. However, there are very close relationships
betw'een nasals and nasatized segments, especially i assimilatory rules, that
requize expression. Nasalized segments often occur contiguous to nasals, and
na fgw languages, such as Niaboua (Bentick 1975), nasals scenr in place of
voiced piosives in the environment of nasalized vowels. Nonetheless, nasal-
Zed consonants have the distributional properties of their non-nasalized coun-
%?rparts, whereas nasals do not pattern in the same way as {non-nasal} stops.
The task for a linguistic phonetic theory is thus fo express the articulatory and
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temporal relationships between nasals and nasalized segiments while account.
ing, for the differences in their distributional patterns and markedness that are
based on their acoustic nature. We would consider nasals to e distinguished
from stops by being sonorant, giving an acoustic definifion to this property.
Nasals and nasalized vowels and approximants are all [+ sonorant], but frica.
bves are ohstruenis and the acoustic signature of their obstruency is poorly
compatible with nasality. The similarities between nasals and nasalized consg-
nants arise from articulatory considerations, whereas the differences arise
from acoustic considerations.

The other maior theoretical requirement concerning nasality is 10 express the
relafionship between movements of the velum, movements of oral articulators
and changes in laryngeal setiing. For the most part these are simply matters of
relative timing. Although the timing of velic opening and dosing movements
are often quite closely coordinated with a distinet cral gesture for a consonani
(or vocal tract configuration for a vowel), the velic aperture is often held cpen
for the duration of several vral artculatory gesiures or configurations.
Equally, 2 single oral configuration {e.g. an oral closure) may be maintained
while velic position is changed. We do not see phonetic evidence of any special
binding of the components of such gestural sequences in ceytain cases (e
prenasalized stops, et as opposed fo those cases where contiguous segments
which shere common articulatery features are adjoined in free combination. In
each case, it is simply necessary to express the temporal relationship of the
mdependent movements.

The independence of velic movements has, of course, been recognized in
earlier phonological traditions, e.g in the Firthian prosedic school (Robins
1957), but this fact needs w0 be incorporated into an overall statement of
the combiratory possibilities. This can be formally represented by assigning
nasality to a separate phonolegical Her {Halle and Vergnaud 1980} in a mudti-
tiered representation, or 1o a separate node in a feature tree (Sagey 1999,
Ladefoged 1988, 1992). These formalisms enable lack of temporal coordination
between movements of the velic and other arficulators to be directly repre-
sented. They also express the fact that nasaiity can be a component of segrments
of different manners. This fact was not formally captured by Clements” {1985)
proposal to group Inasal] with other manner features in a manrer node
since the combinatory possibilities between manners must be stipulated
additionaily.

Besides capturing the formal relationships, a phonetic theory must also pro-
vide for an expression of the actual timing and ragnitude of velic movements.
Phonetic implementation rules of this kind Ye outside the scope of this chapter,
but work by Mol and Shriner (1967}, Vaissiere (1983} and Colin: {1950} indi-
cates that Himing patterns of velic movement in English can be generated from
underiying birary specifications of nasality and information on prosodic and
segynental context.

Fricatives

Fricative sounds are those in which a turbulent airsiream is produced within
the vocal tract. We will restrict the discussion in this chapter to the articulatory
stures reguired {or central fricatives. Lateral fricatives will be discussed in
chapter 6. Secondary articulations will be discussed in the chapter on multiple
articalations. Forms of h, fi in which a turbulent airstream is produced at the
glottis are also sometimes classed as fricatives (e.g. by Jones 1956, Bronstein
1960}, but it is more appropriate to consider them in the chapter on vowels.
The gesture forming the consiriction in many fricatives has a greater degree
of articulatory precision than that required inn stops and nasals. Making the
articelatory closure for a stop inveolves simply moving one articniator so that
it 15 held against another. It usually does not make much difference to the
sound if the target position, which is above the upper surface of the vocal
tract, 15 a few millimeters higher so that there is a éfghi closure, or lower so
that the closure is formed more gently. A stop closure will produce more or
less the same sound as long as it is complete, irrespective of whether there
is firm or light articulatory contact. But in a fricative a variation of one
millimeter in the pesition of the target for the crucial part of the vocal tract
makes a great deal of difference. There has fo be a very precisely shaped chan-
ned for a turbulent airstream to be produced. Moreover, in a stop closure
the sirength of the closure does not have to be constant throughout the
ges_yture. But in many fricatives, partieularly sibilants, an exactly defined shape
of the vocal tract has 10 be heid for a noticeable period of fime. These demands
restlt in a fricative such as s having a greater constancy of shape in varying
phonetic contexts, in comparison with the corresponding stops £, d and the

?3;21) a (Bladon and Nolan 1977, Subtelny and Oya 1972, Lindblad 1980, Byrd
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Tabiz 5.1 Tesmns and symbols for principai cate gories of fricatives

Ty Mon-sibanTs

T.azio-  lamsuc- D

BlLamlal DENTAL  LAMAL Paratal VEan Lvilan Pranvcgat ERIGLOTTL

8 ftv 08 "¢ xv zx BnS u 1

2} CORONAL GEILA NTS AND MOR-SELANTE
Fra7 Crondetr Pavstanizrn  CLossts Sum-arcal

Dmrar ALVEOLAR TOST POET-ALVESLAR PETALVECLAR  POST-ALVECAAR  PalATal

ALVECLAL  (PALATO-AIMEDLAR} {AlVECLO~ {HesamG- {RETROELER}
INETROSLEX) PALATAL} HEHNG!

P g 8 g8 4

Swnant 5 F § s Js ¢ % i i 5z

Fricative scunds may be the result of turbulence generated at the constric.
tien itself, or they may be due to the high velocity jat of alr formed at a narrow
constriction going on to strike the edge of some obsiruction such as the teeth.
We will call the latter type sibilants, a term which has been used for a few
cenburies {e.g by Holder 1669, and many phoneticians aftor nim). More recent
terms for these sounds include sirident (Jakobson, Fant and Halle 1952
Chomsky and Halle 1968) and obstacle fricatives (Shadle 1985, Shadie, Badin
and Moulinier 1991). In other fricatives, such as 8, §, the furbulence is pro-
duced af the constriction itself,

Purther exemplification of the distincHon is giver in table 5.1, which pro-
vides an overview of the terms and symbols we will use in this chapter. Some
of these terms and symbols are used in slightly unconventional ways, We have
distinguished between dental and interdental fricatives by the use of a diaaritie
to indicate & more forward arficalation in the case of the latter sounds. We
have used 1 for a post-alveolar retroflex fricative. Following Catford (1983
and the practice of phoneticians in the former Soviet Union we have used & 2
for what we will deseribe as closed post-aiveolar sibilants. We have also in-
duded within the table the A symbols ¢, 2, which are fraditionally called
alveolo-palatal fricatives, but which we will regard as pealatalized post-alveo-
lar sibiiants. The terms for the places of articulation in table 5.1 are not exactly
the same as those listed in chapter 2. At the end of the chapter we will discuss
how the data suggest a more elaborate descriptive framework.

We wiil pegin by considering gestures made with the lips, and then those
involving the tip and blade of the tongue in the dental and alveclar regions. We
will next discuss alt the sibilant gestures that can be made, starting with those
in which the constriction is near the upper teeth, and then considering alveolat
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and post-alveolar sibilants. We will then continue with the nor-sibilants, work-
ing ?;hrozsgh the possibilities within the mouth 0 those within theh ?Iiarjrnx
During the course of the chapter we wili alse discuss the acousic stract‘;zres oa;
fricatives. The acoustic struchure of fricatives seems to vary widely from indj-
vidual to individual, but this really reflects only the unfagtuna't'e fact that we
do not yet know what it fs that we ought to be describing. We do not kriow
how to sum up what is constant, and what is lingaistically and perceptuall

most :eEev;mt in acoustic terms. As we do not yet have an édequaze 1rr‘a|:>ciei foz
the acoustics of fricatives, we are in a position comparabie o havéﬁg to de-
scribe vowels without having the notion of formants, or at ieast peaks in the
fpec_trgm. Ot:lr best guess is that what matters for fricatives {more esbeciai.i ;
for s;b}iam fricatives) is the overall miensity, the frequency of the lower cubcfyf
point in the spectrum, and something corresponding to the center of gravity
and dispersion of the spectral components above a certain threshhold, We w?l
follow Lindbiad’s (1980) suggestion that “the cut-off frequency is a cofrelafe r:}f
the shade of auditory brightness atong the scale of sibilance,” and we ;vili aiso
take note of the spectral width associated with different E:iéatives, o

5.1 Non-sibilant Anterior Fricatives

:/a\,: ;ﬂ::;::gt ;};ztdthcu]?y of ﬁnfiing examples of a contrast between bilabial and
lab : 0ps and rasals in the discussion of places of articutation in chap-
ter 2. It is a lot ci'earer that these places contrast among fricatives. Several la§~
%“;:2 zgﬂesE ;spfiif; ;n j”v est Afmca. conira:;‘t I{iiab{al and Ia’zz:ioder}tai fricatives.
D : Ewe, which contrasts voiced and voiceless sounds of this kind
are shown in table 5.2. As we alse noted in chapter 2, labiodental fricatives aré
more COmmOn than bilabial ones, and the latter in many cases are allophones
of bilabial stops. This allophonic variation produces intervocalic d:stéic‘ticm
between voiced bilabial and labiodental fricatives in many Bantu Ian.;gu.ages If;
sume {3f these languages further changes have led 1o a situation in which wn
conditional contrasts between the two can be found. Examples f T .
were given in table 2.2 above. ' FiE o fhones
Btlablgé Iricatives, like bilabial stops, are made with a gesture that invoives
a lowering of the upper lip in addition to the larger and more signifiéaﬂ%

Teble 5.2 Words and phrases Hlustrating Ewe bilabiai and jablodental fricatives

fé q?fa ‘fepolished’ éfa “he was cold
é:,ﬁ&) . the Ewe langaage’ Evi et

& gla “hebought' & fl& “he split off
8lo mushieemn” é vl "he iz evil®
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Tigure 5.1 Movement brajectories of the upper and lower Bps and the lower inclsors during praduc-
tios of the Fwe words &8 ‘people’ and évé “two'. Each panel represents the mean of tzn repetitions
isee Maddieson 1923 for hurther dekeils).

movement of the lower lip. In labiodentals ordinarily only the lower lip moves.
Movernent patterns for the lips in the two words on the second line of tabie 5.2
spoken by a speaker of the Agle dialect of Fwe from Kpando are shown in the
two panels of figure 5.1. This figure shows the kajectory taken by receivers
placed on the outer surface of the upper and lower Hps and on the lower inci-
sors. For f, in the left panel, the upper lip moves down and back and the lower
lip moves up and back. (Note that the receivers do not meet due to the need o
mount them where they will not interfere with natural speech.) The release of
the constriction lies in & plane a liftle behind that of the movernent towards
romstriction. For v, in the right panel, the lower lip makes a larger excursion,
reaching a higher and more refracted position than is reached in p. The upper
lip remains stationary and takes no part in the articulation. if 15 in a slightly
higher position throughout the articulation of the word éve than it is during
any part of the word &§&. For this speaker, the upper lip height in évé is similar
to that geen in eké ‘sand’, suggesting that there is some coarticulatory lowering
of the upper Hp during the vowels surrounding the $ in &pé. The lower Inciser
trace shows that in neither case is there much raising of the faw, aithough there
is some refracion.

Sequences of frames from side-view cine-fiims of speakers of several Buro-
pean languages published by Bolla and his co-workers at the Institute of Phe-
netics in Budapest indicate that broadly similer movement patterns are found
in the labiodental fricatives of the speakers of Finnish, German, Russian, Polisa
and English. The upper lip remains in a static position while the lower lip is
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raised and refracted. In these pholographs, it can also be seen that the lower ip
is positioned below the upper incisors at the peak of the gesture.

In addition to Ewse, some of the neighboring languages such as Siva and
Logba also contrast bilablal and labiodental fricatives. In these ]anwuadges, as
{ilustrated by the photographs published in Ladefoged (1968), ax?d by our
more recent video recordings {(Maddieson 1995, the lips are aarrowed for p by
being compressed in the vertical direction. There is no sign of aity form of
rounding through the corners of the lip having been brought forward. Inv the
upper Hip does not move so that it is usually in a higher position than in g in
which there is a downward movement. Ladefoged (1990) suggested that the
appex lip was actively moved upward in the labiodental fricatives, but our
recent fisldwork (Maddieson 1995} has shown that this is not the case. Another
language, Isoke, which conirasts a laniadental ficasnve v with a kebindenzal
approximarnt v also has a higher upper lip position for the fricative v than for
the approximant v, as showrn in figure 9.33, again presumably nos because the
upper Bp is actively raised, but because it is lowered for the approximant. We
will discuss this articulation when we consider semivowels in thapter 9.

The contrast between bilabial and labiodental fricatives also oecurs in a
number of Southern Fantu languages. In these languages there is sometimes a
siight ip protrusion when making the bilabials ¢, p. We investigated contrasts
as produced by three speakers of Kwangali, and three Speakersgof RuGeirikss,
two Bantw langnages in the Kovango group, spoken in Namibia and Southern
Angola. Both these languages contrast voiced bilabial and labiodental frica-
fives, but do not have voiceless sounds of this kind. Both voiced and voiceless
bilabial and tabiodental fricatives also occur in Venda: we recorded a single
speaker of this langnage. In all these languages the conirast was made by
drawing the lower Lip back over the lower teeth for the labiodental, and (for
some speakers) bringing the corners of the lps forward to make 2 more
slightly rounded version for the bilabial {the laster gesture was presenf in only
three of our seven speakers). Ladefoged {1990b} discusses some of the implica:w
fions of this use of different techniques for making the contrast between bi-
labials and iabicdentals, but, az we noted, he was wrong in believing that the
majority of speakers of West African languages such as Ewe and Siva have an
active upward maoverment of the upper lip in the labiodentals. )

Labéc‘}cien'zals may also be produced with less retraction of the lower Hp than
the articulations we have been discussing. From our own observations of
Speakers of English we know that the lower lip may be positioned so that the
LArrowess constriction is between a part of the inner surface of the lip and the
front surface of the incisors.

; Figure 5.2 shows spectrograms of the Bwe words in the second line of tabie
5.2. The speaker was conscious of the reason for recording these words, and
tonsequently the fricatives are somewhat longer than usual. The second
f{?rmgnt transition has an earlier onset and moves to & lower frequency for the
vilabia} fricativa. There are differences in the spectra of the iwo fricatives,
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3 p e ) v £
G700 300 300 400 500 G100 200 300 400 300 ms
Firnre 5.2 Spectrograms of Hwe bilabial and lablodental voiced fricatives in éfié ‘people’ and éve
b’

w81 Speaker A

. ey

¥z 1 2 3 4 3 6 7 & 49

Figare 5.3 Means of 30 FFT spectra made at 5 ma Inkervals throughoul the Bwe fricatives 4 and £ as
produced by two speakers during the words in the frst row of TaFle 5.2, The mean nolse on the part
of the racarding immediately adjacent o each word has bean sublyactad from each spectrum.
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which are more evident in the voiceless fricakives shown in Hgure 5.3, Above
about 2 iz { has distinctly greater energy then .

The existenice of Iinguo-labial gestures in some of the languages spoken in
Vanuatu was peinted out in chapter 2. Linguo-iabial fricatives in Tangoa were
exemplified along with the stops in table 2.3. We do not know of any languages
other than those in Vanuatu that use inguo-labial articulations for fricatives.

Non-sibilant dental and interdental fricatives occur in many languages, but
we o not know of any that contrast them. Nevertheless because some lan-
guages may consistently use one, and others the other, we have separated the
two possibilities in table 5.1, using the symbols 8, § for the interdental gestures,
Examples of possible differences between languages are provided by Navarro
Tomas (1968), who describes {and diagrams} Spanish 8 as in Bigko cinco ‘five’
as being interdental with the tongue “beneath the edges of the testh”, and
Balasubramanian {1972}, who provides palatographic data showing that Tamil
§ a5 in pheedr “half is dental

There is evidence that dialects of English differ in this respect. Textbooks
teaching the pronunciation of the RP dialect of British English (e.g. Jones 1956,
Gimson 1970, Roach 1983} diagram 8, § as being typically made with the fip of
the tongue behind the upper front teethy, in a gesture which we will call dental,
whereas those teaching American English from a Western 18 perspective (e.g.
Prator and Robinett 1985} describe these sounds as interdental. We investi
gated 28 native Californian college students and 28 British university stadenis
and staff speaking with a wide varlety of English and Scottish accents. Nearly
99 percent of the Californian speakers produced 8 as in #hink as shown in figure
54, with the fip of the tongue protruded between the teeth s that the turbu-
lence is produced between the blade of the tongue and the upper incisors. Only
10 percent of the British speakers made this sound in this way; 90 percent of
them used an articulation with the tip of the tongue behind the upper front
teeth.

Interdental fricatives are, of necessity, laminal; the constriction is betwaen

Hgure 54 The dp of the tongue pratruded between the feeth in 8 as in Hhief as proncunced by a
speakerof Californian English.
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the blade of the tongue and the lower edges of the upper incisors. Dental frica.
tives can be apical or laminal, buf we do not kriow of any consistent linguistic
use of these two possibilities. Jespersen (18979} considered the difference to be
pariially determined by dental idicsyncrasies. Te suggests that if there are
spaces between the teeth the tip of the tongue wilt be raised so that there is 2
clogure between the tongue and the upper teeth, and the friciion wili ocour i
the spaces between the teethy but if the teeth are close together, the tip of the
tongue will be down so that a laminal fricative is produced. It our survey of
British speakers we tried to find whether the gestares for the dental fricatives
were made with fhe tip or the blade of the fongue. This was often a difficujt
question fo answer, but if seemed that the constriction was usually befween
the edge of the tip of the tongue and the upper teeth.

A signilar difference fo that between Brifish and American dialects has been
observed between several Shandong dialects of Chirese by Sung (198&). Where
the majority of dialects in this group have sibillants, Rengeheng and Qingdag
have developed dental nonsibiiant fricadves, and Haonan has taken the change
st further and uses interdental fricatives. The speakers of this latter dialect
are well known for the way in which they actually protrude the tongue be-
tween the teeth.

Both the American and British varieties of 8 and @ are non-sinilant fricatives,
with the turbulence being produced at the inferdental or dental constriciion.
Non-sibilant focatives of this kind can also be made further back, with the
tongue near the front part of the alveolar ridge. The IPA does not provide a
symbol specifically for non-sibilant alveolar fricatives. Following the princi
ples used in the previous chapter, we wili use § and 8 with the diacritic indicat-
ing a more retracted articulation. In lcelandic both & and 8 are definitely alveo-
lar non-gibilant fdcatives, the former being laminal, and the latter usually
apical. Figure 5.5, based on data in Pétursson (1971), shows the pronunciation
of § as in 8akid roof, and I as In valan ‘whenee’. In each case the constriction
is in the alveolar region, and the testh are fairly far apart so that it is cleay that
they do not form an ohshruction.

Acvoiced alveclar fricative B sometimes ocours as an allophone of the alveo-
iar stop d in formal Danish, in phrases such as wds fovidl (ade foged) ‘barn
keeper’. lespersen (18979} describes this Danish sound as & laminal alveolar
fricative, made with the tip of the fongue behind the lower front teeth. How-
ever, the constriction in present-day Dardsh 6 is often so weak that there is
Httle audible friction, and the sound might be better classified as an
approximant. Bauer, Dhenhart, Hartvigson and Takobsen (1980) note that "only
in very distinct Dandsh - as from the stage of the Royal Theater ~ do we get 2
fricative.”

1t 15 poasible to form a non-sibilant fricative using the teeth themselves as the
only constriction. Passy (1899} describes a fricative in the Shapsug dialect of
Adyghe which has "the lips fully open, the teeth cienched and the tongue flat,
the air passing between the teethy the sound is infermediate between [ and 7
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Figure 5.5 Tracings fmm wrays of leelandic non-sibilant alveolar fricatives 8 as in Bakif ‘rouf, and §
as in valian "whence, compared with: thie sibilant alveolas 5 as insunnar “proved” {based on Pétursson
157IL

(Passy 1899 110, our translation). This sound was noteed independently by
Catford who comments that “the Adyeie bidental fricative is, in fact, a vardant
of x, oceurring for the x in such words as xo 'six’ and daxe ‘prefty’ in the Black
Sea sub-dialect of Shapsug” {Catford, personal comumunication). A converndion
for transcribing bidental sounds with the dental diaeritic both above and be-

Jow a Coronal symbol has been proposed by Duckworth, Allen, Hardeastle
and Bali {1990).

5.2 Sibilants

The more usaal fricatives in the dental and alveclar ggions are the sibilant
fricatives s, 2, 5, 7. In these fricatives the principal source of the sound is the
nrbulent airstream produced when the jet of air created by the dental or ai-
veclar constriction strikes the teeth, which form an obstaaie'downstrem_ from
the consiriction itself. We see, therefore, that at some points within the vocal
fract it is pessibie to form two different constrictions, one that will produce a
sibilant fricative, and one that will produce a non-sibilant Fricative. leelandic,
i fact, has both a sibilant and a ron-sibilant alveolar fricative. The right-hand
part of figure 5.5 shows the Iceiandic sibilant fricative 5. Pétursson (3971}, de-
scribing the difference between what we have called the non-sibilant and sibi-
lant voiceless alveolar fricatives says: “The first important difference is that @ i
articulated with the blade of the tongue, but for s the Hp is raised. The piacé of
arficulation is more advanced for 8 than for 5. The shape of the tongue s differ-
ent for the two consonants; for § it is flat, for 5 it has a characteristic curve. The
alveolar constriction is also differant: for @it is large, for 3it is 2 narrow chap-
nel” (Our symbels and transiation) An apical/laminal distinction is thus
plaving a role in this distinction, but it is not the only cne. Note alse that al-
though both these fricatives have constrictions near the atveclar ridge, In the
sibilant fricative the teeth are also close fogether. (

1tis alse possible to produce sibiiant fricatives with a dental constriction, in
the same region as that ased for the non-sibilant 8 sounds. Indeed, the sipilant
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$ is vegularly degcribed as a voiceless dental fricative in many well-known lan-
guages {e.g. Cantonese: Hashimoto 1972; Standard Chinese: Chao 1968; Swed-
ish: Elert 1964}, It is often difficult o be sure whether gibilanis in this area arve
dental or alveolar. But Bright (1978) has pointed oui that a considerable
number of the langurages of Califorria contrast § with s. He notes that Karek
has minimal word-pairs ke si&f ‘creek’ vs s8f ‘backbone’, describing the
sound at the beginning of the first of these words as being “a very far-forward,
apico-dental sound ... proncunced by younger speakers as 8. The sound az the
beginning of the second word is described as being “apico-alveolar,” and fur-
ther identified as a “retracted ess”. We interpret this as an apical post-alveclar
in our terms. This contrast also appears in Luisefic in wards such as sikat
‘deer’ vs sukmal fawn'.

English 5 usually has a consiricton in the middle of what we refer to as the
alveolar region: {Le. the forward part of the alveolar fdge). It can be formed
either by the Hp of the tongue, or by the biade with the tip behind the lower
front teeth. Bladon and Nolan (1977} point out that there is considerable disa
greemenrt among authorifies as to which is the most comman arficalation. In
their own videofluorographic study of eight speakers of different forms of
British English, they found that seven of these speakers had a laminal s. In. her
investigation of 20 American English speakers, Dart (1991) foumd that 525
percent of the tokens had laminal articulations and 42.5 percent had apical
articulations. The differences in the part of the tongue used are probably due
to individual anatomical characteristics. The amownt of protuberance of the
alveoclar ridge, and the relation between the lower jaw and the upper teeth,
affect the gesture that is required to produce the acoustic structure necessary
for s. Indeed, McCutcheon, Hasegawa and Fletcher (1980) have shown that
even the location of the rugae (the ridges on the roof of the mouth) have an
effect on how an individual chooses to form the constriction for s. There are,
of course, articulatory regularities that are constant. All speakers of English
pronounce this sound with the upper and lower teeth close together, making
it a strident fricative; and there is always a namow groove in the fongue
directing a jet of air towards the teeth. For many speakers the lower lip is also
invelved in direciing the airstream towards the edge of the upper teeth. The
constriction must be close to the teeth, but the precise channel location, and
the apical-laminal distinction are not of particular importance in the character-
ization of the general, cross-speaker, properties of English s

Perhaps the most remarkable but least remarked feature of the articalatory
gesture for English s is the deep pit which may occcur in the center of the
tongue. The articulatory constriction forming the jet of air consists of a groove,
5-10 mm long, running in the posterior-anterior direction. Behind this groove
there is often a wide pit, extending out to the sides of the tongue. Some English
speakers produce s in a word such as suw with the center of the tongue de-
pressed several miflimeters below the level of the sides of the tongue, as can be
seen in figure 5.6, which is based on x-ray and palatographic data reported by
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Figure 5.6 The articuiatory gestare for s as in sqo, &5 provesnced by Peter Ladefoged, The solid Bne
indicates the position of the canter of the fongue 45 nown Fom xrayy the grey line indicates the
positions of the side of the tongue as indicated by patatograms. The coronal seetion on the vight gives
2 transverse view of the shape of the :ongue st the point indicated by the ammow en the sapittal seetion
cr:the left (Based on: data in Ladefoged 1937).

Figaire 5.7 Tracings from an x-ray photograph of David Abercrombie, 2nother speaksr of British Eng-
fisk (R diatect], taken during the pronunciation of sas insaw The grey linaindicates the position of
the sides of the tongue. The solid {ing shotws the center of the zongue, a5 outiined by a radio opague
marker.

Ladefoged (1957). For this speaker {Peter Ladefoged) at a point about 20 mm
kehind the tip of the tongue the midline is 12 mm below the sides. This particu-
lar utterance may have had a slightly exaggerated articulation in that the x-ray
picture was taken during a very slow pronunciation of the word smw; but it
neither seunded nor felt In any way atypical.

The fact that there is a deep hoilow in the center of the tongue is often hard 1o
determine from x-ray pictures in which the midline of the tongue has not been
explicitty marked. Bladon and Nolan (1977) do not comment on the possibility,
perhaps because they chose to mark the sides rather than the center of the
fongue, fearing that a strip dowr: the center of fhe tongue might affect the pro-
tunciation. We did net notice any:hing unusual in the speech of any of our
subjects who were being photographed while they had a thin line of barium
sulphate down the midiine of the tongue. Fignre 5.7 shows the gesture used by
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another speaker, David Abercrombie, whose dentition is such that the crucial
part of the tongue could be clearly seen. This speaker produced ¢ with a more
lamingzl articulation than that shown in figure 5.6, with the center of the tongue
approxtmately 10 mm below the sides of the tongue. Hardrastle (1974}, in his
survey of instrumental investigations of lingual activity in speach, notes that
“if the central line of the tongue is outlined, 1t is possible to measure the depth
of & groove, for instance in the articulation of {s].” His “simplified tracing from
ant X-ray photograph taken during the author's [Australian English] articula-
tion of is]” does not have a scale, but it appears that at a point below the sofi
paiate there is a groove which is at least 17 mm deep. Stone {1991} ilustrates =
subject with a groove 6§ moe deep at the point at which the coronal sections
were obtained. Similar gestures have been observed in other languages. From
other comments in the wext, &t is likely that the “characteristic curve” men-
toned by Pétursson {3971} in his descripiion of Icelandic s quoted above is &
hollowing of this kind. We do not know the proporiion of all 5 sounds that
mvolve & holiowing of the tongue just behind the constriction, but it is prob-
ably more commaon than has been previously reported.

The more posterior sibilant in Enghish, symbolized [ in the IPA tradition, has
been variously deseribed. Jones {1956}, Abercrombie {1967}, Ladefoged {1993),
and Prator and Robinett (1985} call it a palato-alveclar fricative. Bronstein
{1964} describes the tongne positon in much the same way as Jones, but uses
the term ajveclo-palatal. Most of the authors note that the constricion in § 15
wider as well as being further back than in 5. Both Jones and Bronsiein say tha:
most people meake this sound with the tip of the tongue up, but that some
speakers have the tip of the tongue down behind the lower front teeth. Borden
and Harris (1980) somewhat eccentrically describe Enghish f as palatal. Hockest
{1958} describes it as a lamino-alveolar or lamino-domal suzface spirant, in-
volving “a close approximation of & whole area, from side to side and from
back to front.”

English { iz similar to s in that for both sounds the teeth are close together,

_making them strident fricatives. There are several differences between them:
the constriction is further back and wider for f; the part of the tongue immedi-
ately behind the constricHon for § 1s raised {or domed), as opposed in being
hollowed for 5 and [ has added lip rounding or profrusion. It shouid be noted
that the secondary articwdation of Hp ounding is a feature of § in some lan-
guages, such as English and French, but it is not found in rmany other lan-
guages, such as Russian,

The arieulation of £ in ‘Shaw’ as produced by Peter Ladefoged is illustrated
i figure 5.8. The consiriction is in what we have called the post-alveofar re-
gion, that is, en the center of the alveolar pretruberance. It is clearly further
back thar the alveoiar s illastrated in figure 5.6, in which the consiriction is on
the flat part of the alveclar ridge, just behind the upper incisors. The front of
the tongue is raised, with the center being above the level of the sides.

In a palategraphic survey of 164 students at the University of Edinburgh,
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Fignre 5.8 The articulatory position forf as in shat 25 proncunced by Peter Ladefoged. The soiid line
indicates the gasition of the center of the tongae as krown from x-ravs; the grey ling indicates the
posiions of the side of the tongue as indivated by paletegrams. The coronal zecion on the sight gives
a ransverse viewy of the skaps of dhe tongue 2t the point indicated by the arrows on the saithal
secticn on the keft (based on data in Ladefoged 1957).

Ladefoged (1957) reported that “for every speaker the articulation of the voice-
fess fricative in sip invoives the formation of a narzawer charnel (which is usu-
ally aiso further forward) than that in ship.” The wider chanrel in § resulis in
the jet of air striking the teeth at a Jower velodity in { than in s. In addition, all
the speakers described in Ladefoged {1957} produced [ with the sides of the
tongne raised higher up towards the hard palate thar for s, with, presumably,
concemitant raising of the center of the tongue as shown for the sosaker in
Aigure 3.8. The degree of lip rounding was not recorded for these subjects, but,
as we have noted, English [ is typically somewhat rounded. The acoustic struc-
ture of sibilant fricatives will be considered later, but we may note here that
both the lower velocdity of the airstream, and the lengthening of the vocal tract
by added lip rounding, will cause [ to have a lower pitch than s
Consideration of the arficulatory characteristics that we have observed lead
us to define { as a post-alveolar demed sibilant. By domed we mean ta denote
the raising of the front of the tongue that cceurs, irrespective of whether an
apical or laminral articulation is used. This doming is equivalent o a small
amourt of palatalization. We will regard the phrase palato-alvesiar sibilant as
an exactly equivalent specification, denoting a comparatively wide constric-
fon in the post-alveolar region pear the center of the alveolar profruberance,
with concormitant raising of the front of the tongue We will distinguish be-
tween palato-alveolar and alveolo-palatai sibilants, using the latter term as an
alternative specification for the post-alveolar palatalized sibilants that we wili
describe In Standard Chinese. We will avoid Borden and Harsis's use of the
term palazal, reserving that for sounds made further back in the mouik.
English [ is alsc like s in that both sourds can be made with *he fip of the
tongue up or down. In & survey of 16 speakers of Californian English we found
that 8 of them raised the tip of the tongue anave the plane between the upper
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and lower jncisors when saying the word “saw’ and 8 of them (not alt the same
BY raised the tip of the tongue for ‘Shaw’ {or ‘Shalv, the two words are homo-
phones in Californian Engiish). In each case the remaining 50 percenit pro-
Guced what we would judge to be laminal artculations. It appears that the
apical-laminal distinction is not relevant in the formation 0f the English sibi-
lants, and speakers are free to vary this aspect of their production. On the other
hand, the eight speakers of "0 odham studied by Dart (1991, 1393) were much
more consistent in producing an apical/laminal difference between their con-
trasting sibilants s and s than differences in other aspects, such as the constzic-
tion location.

We will now consider Standard Chinese Miandarin), which has a number of
sibilant fricatives made in the alveolar and post-alveclar regions. Relevant ex-
amples are given in fabie 3.3, together with words lilustrating the other frica-
tives of the tanguage. We have given standard [PA transcriptions, with the
initial consonants each followed by just the vowela. From a phonetic point of
view there is nothing other than a normal ransition between the initial conse-
nant arid the following vowel in all these cases. Bus the usual Chinese Pinyin
orthographic forms have iz where we have a in the palatalized post-alveolar
{alveoio-palatal) colomn. This reflects one possible interpretation of the pho-
nological status of the alveolo-palatal sounds, that is, that they are the result of
assimilation of alveolar sibilants to a following high front vowel.

Figures 5.9 and 5.10 show data for alveoiar s, post-aiveclar fretrofiex) s, and
palatalized post-alveclar (alveolo-palatal) ¢ as produced by three speakers of
Standard Chinese {based on Ladefoged and Wu 1984). The first point to note is
that for ail three sounds for all three speakers the upper and lower testh are
fairly close together. so that these three sounds are ali cdlearly sibilant fricatives.
In each of the sounds the tongue forms a differently shaped channel for the air;
but the main source of acoustic energy is always the turbulence ihat arises
when this air passes between the nearly clenched teeth.

Table 5.3 Worgs Hllustrating sontrasss ameng Standard Chinese fricatives and affdcates. Allthe words
showm have high levet tone (Tore 1)

Fuar PalaTallZED

L AMIODENTAL ALVEQLAR POSTALVEOLAR PLAT-ALVECEAR VELAR
{HETROREL) {ALVEDLO-PALATALY

fa ‘wissue’ 82 letoat $a  Cmand ca  pind ¥z “soundof

Taughter’
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Figure 5.8 Tracings from x-rayy of three speakers produdng Standard Chi itz et
: £ i AR 1
on Ladefoged and Wi {1984). P 5 nese sitiiant fricatives, based

Asthe top row of figure 8.9 shows, all three speakess produced s with the tip
of the tongue; In alf three cases there is a hollowing of the tengue such that the
tongue is concave with respect to the roof of the mouih, although the hollow
does not appear to be as deep as that for the English speakers reported above.
The palatograms in figure 5.10 show that speakers B and C make this sound
With & narrow slit, with a width of 45 mm for speaker B and 3.75 mm for
speaker C. Speaker A made this sound with the narrowest channel on the
teeth, sa pg}atographic dafa is not available for this measurement. The hei;ht
;1; the slit is about 1 mm for speakers A and B, and even less for speaker C.
. Aé.:se ;measu.r?ments of the width and height of the constriction are similar to
O;faneug;zﬁ)-‘nghsh s reported by Subtelny and Mesire (1964) and Subtelny and

The position of the point of greatest constriction is stightly different for each
speaker. For speaker A it is on the teeth, for speaker siighfiy behind the teeth
and for speaker C still further back, so that it is on the front patt of the alveolar
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Figurg 5,10 Palatngrams of the same words iBustyated in Figure 5.9, baged on Tadefged and Wa
(1984).

ridge. Given these data, it seems that this sound does not have a very exact
place of articulation {in the sense of the precise location of the constriction in
relation to the anatomical features of the roof of the mouth). This again agrees
with the data for English s as described above. In Chinese, as in Erglish, s must
fave a consiriction located close to the teeth: and this constriction must forma
narrow channel directing air towards the teeth af a high velocity. Bui the
speaker’s individual dentifon and mouth shape will determine where the con-
striction s in relation to the alveclar ridge. For each of the speakers in fgure
5.9 the constriction is at a similar distance from whatever narrowing provides
the obstacle - the gap between the lower 2nd upper teeth for speakers A and G,
but probably the gap between the lower iip and the upper teeth for speaker B.

The Standard Chinese so-called retroflex s is shown in the middle rows of fig-
ures 5.9 and 5.10. This gesture i3 plainly very different from hat in the refrofiex
stops discussed in chapter 2. It does not involve the tip of the tongue being curled
vp and backwards into the palatal region, as in the Dravidian
sub-apical retroflex stops, nor does it have the apical post-alveclar shape
that occurs in the Hindi retroflex stops shown in figure 2.17. In our Standard Chi-
nese data, all three speakers produce the constriction for this sound with the
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apper surface of the tip of the tongue, making it a laminal rather than an apical
post-aiveolar. The constriction is at about the same place for afl three speakers,
furiher back than in s, so that ft is nearer w0 the center of the alvesiar Hid ge. Both
the height and the width of the channel are greater thar in s, but the width
varies considerably, from: 18.5 mm for speaker A to 5 mm for speaker C. The
iocation and width of the constriction are thus very comparable with those for
English [. The front of the tongue is fairly flat for speakers A and C, and slightly
hotlowed for speaker B, rather thar being slightly raised towards the hard pal-
ate as it is in [. Because the part of the tongue immediately bebind the constric-
tion is not domed as it is for [, we have termed this sound a flat post-alveolar
sibilant. A further point to note about this gesture i5 that no part of the tongue is
touching the lower teeth, as occurs in the articulation of s. Instead the tongue is
drawn slightly back, so that there is a subingual cavity. Perkell, Boyce and
Stevens (1973} have shown that a cavity of this type has a significant acoustic
effect, producing a comparatively low frequency spectral peak. Additional x-
ray data in other publications (Zhou and Wa 1963, Ohnesorg and Svarny 1955}
all show substantially the same gesture, confirming the notion that Standard
Chinese § is & {laminal) flat post-alveclar sibilant. The traditional deseription of
this sound as a retroflex is inappropriate as a description of its articulaton.

The thivd sibilant in Standard Chinese, ¢, is usually termed an alveclo-
paiatal sound. The tongue has a very different position in this sound from that
in any of the other sounds we have been considering, as may be seen from the
daia in the botfom rows of figures 5.9 and 5.10. There are some similarities to
Ergiish [, but both the blade and the body of the tengue are higher in the
mouth, forming for each speaker a comparatively long, flat, constriction. The
exterst of this constriction may be estimated from the palatograms in figure
5.10. For all three speakers there was contaci between the sides of the tongue
and the palate high in the mouth all the way back to the molar teeth, Tt is possi-
ble that some of the turbulence may be formed along the wall of this iong
constriction, as suggested by Shadle (1985) for palatal and velar fricatives. But
stis also apparent that these speakers raise the lower jaw so that the upper
and lower teeth are close together, making the Standard Chinese ¢ 2 strident
fricative. .

For none of the speakers is the constriction for ¢ in exactly the same place ag
in either of the other two Chinese sibiants. From a comparison between the
palatograms and the x-ray tracings it is apparent that the narrowest channel
orcurs near the fromt part of the atveolar ridge for speakers A and C and
fotably farther back for speaker B. The palatograms show that it is consis-
teritly farther back than in s but not quite as far back as ins. The difference
be%‘ween § and ¢ is smatl, so that it might be possible to consider both of them
a3 having constrictions in the post-alveolar region, as in Engiish §. However,
@l phoneticians who are familiar with both English and Chinese invariably
flote that English § is not the same as Chinese ¢, the major difference being in
the degree of raising of the front of the tongue. We referred to [ as a domed
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Figurz3.11 The articulaiory gestures involved in Polish fhcatives, based on x-ray data givenby Puppel,
Nawrecika-Fisiak and Krassowska {1977).

post-alveolar [palato-alveolar). It is therefore appropriate to refer to ¢ as a
palatalized post-alveclar, with the IPA term alveolo-palatal being a possible
aiternative. We are thus making a distinction between three post-alveclar
sibilant gestures: flat post-alveolar {retraflex) §; domed post-alveolar (palato-
alveolar) [, and palatalized post-alveplar {aiveoln-palatal} ¢

There are a number of other fricatives that have to be compared with these
Engiish and Standard Chinese sounds. The Polish fricatives exemplified in ta-
ble 5.4 have many similarities but also some differences from the Standard
Chinese sibilanis. A great deal of data on the acoustic structure of the Poiish
fricatives has been given by Kudela (1968). Additional data can be found in
Jassem (1962). We will concenirate here on the articulatory gestures required
for these sounds, relying largely on the descriptions by Puppel, Nawrocks-
Fistak and Krassowska. (1977). They use the symbois s 2 § £ § Z for sounds
which we symbolise by 5 2 ¢ 2 § 2. (Throughout the following discussion we
will use our symbols not theirs, even when directly quoting from them.) Dia-
grams based on their x-ray tracings of the voiced sounds are shown in Hgure
5.11. Again it is dear that these three pairs of sounds are ali strident fricatives
with the teeth close together

The authors note that:

The Polish sounds § and z belong to dentalized sounds, ie. those which are ar
ticulated in the alveolkar region but with the blade of the tongue being very close
to the inner side of the upper front teeth. Thus, the hissing effect is very strong.
However, the English counterparts are articulated more in the purely alveolar
region. Thus, in English, the tongue is more retracted for the articulation of these
sounds.

From their diagrams it is clear that the sounds are y and z and not s and z, and
thus differ from the corresponding sounds in English and Standard Chinese.
In describing s and z Puppel et at. say: “The narrowing is made by the tip of
the tongue and the blade of the tongue, and the alveclar ridge. The narrowing,
as compared with that for g and z, 13 a bit more open. The lips are protruded
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e 5.4 Words Hlusiading contzasts among Polish sibilents

[eamal Plar PaLazatizer
POST-ALVEDL AR POST-ALVECLAR
{RETROMLER} {AWVECLO-TALATALL
kosa kosr  Csoythe’ kaga kasan “kasha, groats’ baga Basia  "Barbara’ (dim}
koga o Cgoat fgaza gaze  ‘gauze’ bazz bz Ccatkin
and slightiy rounded. ... The Polish § and z consconants are articulated more

in the alveclar region. They also belong to those sounds which are slightly
dentalized.” We would also point out the more compiex obstruction caused by
the close approximation of the upper Hp with both the lower lip and the lower
teeth in these sounds, making them somewhat rounded. .

We do not know what Puppel ef al. mean when they say that these sounds
are “slightly dentalized.” Nor, judging from the illustrations, do we consider
the tip of the fongue to be involved in making the constriction. But the tip of
the tengue is slightly retracted from the lower teeth, so that there is a small
sublinguat cavity. These scunds seern to us fo be produced in a similar way o
the Standard Chinese laminal post-alveolar (retroflex} sibilants. They differ in
that Standard Chinese § is not rounded (except before rounded vowels and
semivoweds) and has a larger sublingual cavity. These two differences tend to
cancel one another, in that the addition of lip rounding or the introduction of 2
larger sublingual cavity both have very similar effects, thus making these
Polish and Chinese sounds auditorily very similar.

The third pair of Polish fricatives, ¢ and z, invelve an arficulatory gesture
which is very similar to that in the Standard Chinese sound for which we have
used the symbol ¢. Puppel et al. describe the Polish sounds as follows: “The
sounds are produced with the body of the tongue in the front position. The
iongue is tenise and the lips are spread. The air escapes through a very narrow
channel made between the post-alveslar region of the palate and the middle of
the torgue ... the lips are slightly spread.” When Puppel ef al. specify that the
body of the tongue is in the front position, they presumably mean that the
sound is palatalized. From the illustrations in figure 5.11 it is clear that the
gesture for Polish 2 is very similar to those for Chinese ¢ (at least for speakers A
and Cir: figure 5.9).

The wel: known Dravidian and Indo-Arvan languages of India also have
#pical or laminal retroflex sibilants. An example of a Tamil sibilant that we
would symbolize as 5 is shown in figore 5.12 (based on x-ray data in Svarny
and Zvelebil 1955). The articulation appears to be further back than the post-
aveolar sibilants in Standard Chinese and Polish. But, as we have remarked
before, there are no absolute landmarks in the vocal trach, so it is difficalt to
‘ompare articulatory data from one person with that from another, just as it is
ditficult to compare acoustic data from different individuals. We will classify
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Figure 5.22 The articulatosy gesture mvolved din Tamil § in pasa as indicaked by x-ray data ghvenin
Svarny and Zveiehil {1955}

Tablz 5.5 Words fllusirating contrasts among Foda sibdants

LamivaL APICAL LamiNaL SUR-APICAL
ALVEOLAR BOST-ARVEDLAR PRET-ALVEOLAT Pelazal
kors ‘money po:s  ‘milk pf language pe:§ {place name)

Tamil § as a laminal post-alvendar, but reserve judgment on whether it really is
equivaient 1o the Standard Chinese and Polish sounds thal we have symbol-
ized in the same way.

One of the most remarkable sets of sibilant contrasts occurs in another
Dravidiar language, Toda, which was well described by Emerean (1984}, and
has recently been studied by Shalev, Ladefoged and Bhaskararao (1994}, The
analysis presented here is based on the sarne fieldwork as reported in this lat-
ter work, but differs from its conclusions in some details. Toda has four differ-
ent articulatory gestures for sibilant fricatives, whereas the other Dravidian
languages have only three. Words illustrating the Toda contrasts are shown in
table 5.5,

Figures 5.13~ 5.16 show the palatograms, linguograms and sagittal recon-
structions of the four sibilants from one speaker. The pictures were repro-
duced life size, and lined up so that the front incisors are in line with the indg-
sors on the sagittal section (which, sinee it was traced from a denial impression
of the speaker’s mouth, was also life size). Like many of the Toda, this speaier
has a deep palate. As the shape of the palate is known from the dental impres-
slons, the hetght of the contact at the sides can be observed on the palatograms.
We have used this information to make a rough estimate of the position of the
center of the tongue (shown by a grey line). Note that the dark marks on ihe
speaker’s front teeth in these photographs are betel juice stains, and are not the
resuif of tongue contact.

g
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kois “money”

%

Figur 5. IB‘ I?alaiographjc and linguographic records of the Toda word king ‘mioney”. The solid hines
oo the sagittal Smhon_sho_w the known shape of the palew and $he observed pasition of te sides of
the tonguie. The grey line indicates estimated positions of the lips and the center of the tongue.

ji"ﬁda § has a lamiral alveclar articulation. Emeneau {1984} describes it as
bez.ng "p{}?t-dez\tai {pre-alveolar)”, and we agree in that the constriction might
be said to be closer fo the teeth than in Bnglishs, but it is in the alveolar region.
What is most remarkable about this sound is that it is clearly faminal, but
nevertheless there is only a narrow part of the blade of the f.onéue contacting
the roof of the mouth. Similar narrow contact areas on the blads of the tongle
were ‘o:bserve_d for all three subjects for whom we have palatographic records.
The sides of the tongue touch the hard palate well above the ievel of the molar
%leet}’a. We do not know whether the center of the tongue is holiowed, but from
e fact that the distance between the points of contact on the alveolar ridee is
slighly smaller than the distance between the comparable points oncthe
tfmgusf, and from direct observaiion of the producton of this sound, we be-
lieve that the tongue is slightly grooved, so that it might be in the position
shown in the diagram.

The laminal contact for s contrasts with the apical contact for s in the same
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po:s "milk”

Fiprr .04 Palatographic and Enguographic records of the Todz word pers ‘milk’. The solid ]inef on
the sagittal section show the known shape of the patate and the observed position of the sides of the
ionguz Duotted and prey lines indicate estimated positions of the #ps and the center of the tengue.

language. This sound, which is fthustrated in figure 514, is an apical sibilant.
The two sounds also differ in that s has a wider channel {or the airstream, etnd
is articulated slightly further back, on the eenter —c}f the alveolar ridge, making
it pesi-alveolar. The contact areas at the side of the mouth are closer to the
melar teeth, indicating a generally lower position for the tongue. Th&zrg may
also be some hollowing of the tongue in this sound, but it is not as extensive as
ins. .

The third Toda fricative, J, is & jaminal post-alveolar, L.e. a palato-alveclar
sibilant, with more contact of the tongue with the palate than either of the pre-
ceding sibilants, as can be seen in figure 3.15. The laminal ?‘:ongge constricHon
is sirnilar to that in Toda s, but involves a narrower channel, with the tongue
sides being much higher in the mouth. The rongue is domed up towards the
roof of the mouth, in 2 way somewhat similar fo thatin English f. .

The final sibilant in Toda iz & a sub-apical palatal fricative, a genumney
retroflex gesture, as filustrated in figure 536 K is rather‘ diff&mrzt_xrom Fhe
Tamil gesture seen in figure 5.12. The contact is between the underside of the
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poif "language”

Figure 3,15 Palatographic and linguographic records of the Toda word po:J language”. The solid
iines on the sagittal section show the known shape of the palate and the observed position of the

sides of the tongue. Dotted and grey Enes indicate estimated positions of the iips and the centes of the
tongLe,

tip of the tongue {so that it is not all visible in the Hngnegram) and a point on
the roof of the mouth behind the post-alveclar region.

50 that all these Toda sibilant fricatives might be compared, the tongue posi-
fions shown in the preceding diagrams have been superimposed in £ gure 5.17.
The major point to note is that only one of these sounds, the sub-apical palatal
{retroflex) sibilant, can be readily described in terms of the modal possibilities
for places of articulation that were listed in chapter 2. Each of the others in-
volves subtle distinctions in tongue shape relative to the teeth. We have de-
scribed each of these fricatives in arficulatory terms, but they do not all exem-
Plify the modal possibilities associated with these terms.

The situation in Caucasian languages is also very complex, although for
these languages Catford (1983 and personal communications) has given excel-
iEnt accounts of some of the phonetic data available, Catford (ms in
Preparation) has described what we would call five different primary articala-
try gestures (e, without considering secondary arbiculations, or different
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R
RIS 018 (place name)

Figuere 515 Palatographic and linguographic records of the Toda word pats {place name}l, I’I'ha sesléd
lines on the sagittal section show the knowm shape of the palate and the observed position of the
sides of the tongue. Dotted lines indicate estimated pogitions of the lips and the center of the tonigue.
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center
Figure 377 A composite diagram of Toda tongue positicns in sibilant fricatives. In the casi ofg Lh;
i . £ o o T srfjas
center and sides of the tongue have been shown separately The position of the center and ,}d‘(:_
taken te be much the same for e other sounds, and only one tongue line is shown for each of therm.
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Fignere 818 The four contrasbing gesturss for the sibiiant fdcatives in the Zayh dialect of Abkhaz,
based o x-ray taclngs fom Bgazhba (1964} and interpretive comments by Catford (msin preparalion),

states of the glottis) for sibilant fricatives in North West Cancasian languages,
stk a3 Ubykh and Abkhaz. Four of these sounds, s J 3 ¢, are similar to sounds
that we have symbolized this way in other languages. The fifth scund, which
Catford symbolizes as §, he describes as “acoustically and physiologically be-
tween a typicai s and a typical [, calling it & "hissing-hushing sound.” He goes
on to say: “In its production the tip of the tongue rests against ... the lower
teeth {as for a laminal g), but the main articulatory channei is at the back of the
atvenlar ridge (as for a lamino-post-alveclar £1.7 1t is therefore lke ftand sand
¢} in that its constriction is in the post-alveolar regiory; but it is like Jaminal 5 in
that the tip of the tongue rests against the lower teeth so that there is no
sublingual cavity.

Figure 5.18 shows the four contrasting gestures in the Bayb dialect of
Abkhaz, based or x-ray tracings in B gazhba (1964) and the interpretive com-
ments in Catford (s in preparation). The constriction for s {at the top ieft of
the figure) is in the alveclar region, on the front part of the alveclar ridge. The
blade of the tongue is ¢close to thealveolar ridge, and the tip of the tongue is on
the floor of the mouth. The three other sounds all have constrictions en the
middle of the alveolar ridge, in what we are caliing the post-alveolar region. ¢
has the front of the tongue raised, making it a laminal palatalized post-alveolar
(alveclo-palatal) sibilant. 5 is made with the tip of the tongue, 56 it is an apical
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Figare 5,15 Spectrograrms of Ubykh syllables containing the voiceless sibilants in {abie 5.6,

Thble 5.5 Words ilastraling contrasts among Ubvich sibilants

LasinaL LAMENAL CLOSED LAMINAL APICAL
DENTI-ALVEDLAR POST-ALNEOLAT POST-ATVEDL AR POST-ALVESLAR
PN satha  “why' £a ‘threg’ caga ‘motherdindaw’ §a  Chead’
VOICEL TS
Fram a ‘one’ iaZa ‘idney sawa  ‘shadow’ za Hrewood’
YOl
Reamman as%3  ‘white ¢a  sea’
VOICELESS
RoUNDER aZi¥an Citbods’  az*an it roasts
VOICED
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post-alveolar (retrofiex) sibilant. Both these sounds on the right of the figure have a
sublingual cavity that is not present in %, in which the tip of the tongueis in a position
similar to that in s, but the constriction made by the blade is further back. Because of
the absence of the sublingual cavity in 3, we have termed thiz sound 2 faminal dosed
post-alveolar sibilant.

" The four contrasting gestares for sibilant fricatives also oecur in Ubvkh, as
llustrated by the words in fable 5.6. Spectrograms of the voiceless sibilants in
this table are shown in figure 5.19. The s {at the fop left) in this particular set of
matched tokens was not particularly loud. The frequency components with
greatest amplitude are around 4000 Hz. There was probably more energy at
nigher frequencies. The laminal closed post-aiveclar § has energy centered
nearer 3000 Hzin #ts unrounded form. When it is labialized {fas in the middle of
the bottom row), the energy is more tightly constrained in a lower region,
zround 2000 Hz. The other laminal postalveclar, ¢, has EAREZY int an even
lower xegion, around 2500 Hz when unrounded, and well below 2008 iz when
rounded. Lastly, the apical post-alveclar s {at the Jeft of the bottom row) has
the lowest frequency of all the cnrounded sibilants, with its cenfer at onlv 2
litfle 2bove 2000 Hz. As may be seen from the examples in the bottom row,
adding rounding causes the fricative energy to be contzined in a namrower
band.

Catford {ms in preparation) alsc has a similay description of the acoustic
date, based on his analysis of a number of the Caucasian languages. The gen-
eral pattern is one in which the lower cut-off frequency gets lower as the cavity
in front of the constriction gets bigger. In the languages he examined, § gener-
ally had a higher cui-off frequency and a higher range than the other post-
alveolars. Catford’s data suggest that [, which does not ocur in Ubykh and
Abkhaz, differs from 5 and ¢ by having a broader frequency range and perhaps
by an intermediate cut-off frequency. Among the unrounded fricatives, s has
the fowest cut-off and the lowest range. The rounded sibilants have both Iower
cut-off frequencies, and considerably smatler ranges.

There may be sibilant fricatives in which the primary articuiatory constric-
tiom is as far back as the palatal region. The descriptions are not completely
clear, but what might be regarded as voiceless palatal sibilants may occur in
Gununa-Kena (Gerzenstein 1968), and voiced palatal sibilants in Muinane
(Walion and Walton 1967) and Cofan (Borman 1962). We neither have nor
know of instrumental data on these languages. Although some palatal frica-
tives ray, like the sibilants, have a high pitched sound, they are nof cbstacle
fricatives and are therefore not what we would call sibilants.

tn summary, the seven articulatory gestures for sibilants in table 3.1 will ac-
cormmodate all the sibilants we have been discussing, but only with some diffi-
culty. On some occasions we need to make clear whether we are describing
apical or laminal sibilants, as shown in table 5.7, The first sound listed, g, is the
Same in both table 5.1 and table 5.7. Following Bright {1978), we regard the
dental sibilant as being apical In general, specification of the apical/laminal
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Taile 5.7 Tvpes of sibilanis

P ACE OF ARTICHLATION" EXEMPLIFYING LANCLIACES

1§ apical dentat {hinese, Dieguetio, Polish
2 5 apical orlamina alveclar Fnglisk, Ubhyikh
3§ laminal aiveoiar Toda
4§ laminal fiat post-alveclar Chinese, Folish, Ubykh
5 g apical postabeeoiar Diggielio, Toda
& [ =zpicai or jamiral domed pestaiveslar {palato-siveoian) Englisl:
7 _{ taminzl domed post-ajveciar Toda
& © taminal palasailzed post-alveciar (alveolo-palatal) Chinese, Polish, Ubykh
9§ iasninal ciosed post-alveolar {(hissing-hushing Ubykh
1% § sub-apical palatai (sub-apical reftrofex) Toda

distinction is not necessavy {and may even be misieading) for the next possibility, the
alveclar sibilant s listed in the second row. As we saw in languages suchas English,
some speakers have apicals, and others laminals. But in Toda the alveolar sibilant g
is always laminal, and for that reason we have added a specific symbel in the third row
of table 3.7, The next row begins the listing of the post-aiveciar sibilants. The sibilants
in the fourth row are traditionally called retroflex in descriptions of Chinese and
Polish; but they are usually laminal, whereas retroflex consonants of other ldndsand in
other languages are usually apical. For this reason we call the Polish and Chinese
sounds larninal (flat) post-alvealar sibilants, and avoid the ferm retrofiex in thelr de-
scription. There are, however, true retroflex stbilants. Toda mightbe said to have two
retroflex sibilants, an apical post-alveolars, listed in the fifth row, which contrasts
with a sub-apical palatai g, listed in the tenth row. :

The domed post-alveolar [ in the sixth row can be apical or laminal in Eng-
Hsh. In Toda, however, it must be laminal. A more specific symbo! for the Toda
sound can be formed with the laminal diacritic added to the symbol [ as shown
in the seventh row of table 5.7. Both the apical and the laminal post-aiveoiar
domed sibilants are sometimes cailed palato-alveclars, whereas the sibilant in
the eighth row, ¢, may be called alvecio-palatal. The three sibflanis s, [, ¢ differ
from one another by increasing wnounts of raising of the part of the tongue
immediately behind the constriction. The sibilant in the ninth row, §, differs
from the others in that the tip of the tongue rests against the lower teeth so that
there is no sublingual cavity. The final sibilant in the table, 5, is perhaps the
most different from all the others from an articudatory point of view, in that it
is a sub-apical sound.

3.3 Posterior Nonssibilant Fricatives

Iiost of the fricatives in the dental, alveolar and post-alveoiar regions are of the sibi-
lant, obstacle, type. But, in addition to the non-sibilant alveolar fricatives of the ¢
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bt 58 Words iilusian AreE mals . o
hbiz 5.8 ds iflaskatn g Margi palatal and velar SW0pE, Incatives, and approximants

TPALATAL

- VaLax
CCACELESS FOIED VOICEL 35S VOICEL:
€ can“a sadi kikdds gail
cat” “hump of 2 cow ook ‘spear”
ErjaTive cé Jaiads xd yafs
T it i - ot
AU picked up big wafer pot TarTow
ASERCHEMANT Jj
“give hirth’

type that we de‘sc;“ibed earlier, there are also non-sibilant fricatives further back in this
region. A non-sibilant apical pestaiveslar {retroflex) fricative ocours in some forms of
Engli fh' This sound, which we symbolize by 1 is the fricative counterpari of -+h;
retroliex appreximanty, Itis the usual pronundation of rin words such asred ;‘z;ses
in Sfou.th African Bnglish as spokenin the Eastern Cape. Note that in this dialect
wm;h isa post-alveolar non-sibilant fricative, contrasts with 3 whichis el POS 'z~aive§i
lalr szbz] ant fricative, in words such as drive vs, Jive, The non-sibilant fricative
differs from the sibilant fricatives z and 3 in the position of the jw and the shape of ?hé[
articulatory constriction. The non-sibilant fricative does not have the 1owevr faw rais;ed
50 that the teeth are close together; and the constriction is wider so that i}‘z does not
pl_'OdI‘lCE‘ a hugh velocity jet of air striking an obstacle. A post-aivealar non-sibilant
frica tive Jalso accurs in some forms of Edo, where it contrasts with an a rca:;'m £
1 {Ladefoged 1968). We will illnstrate sounds of this typeinchanter 7. o a
_ Phonological contrasts involving voiceless palatal fricatives are fairly rare; fess than
7’% af the langmages of the world indiude ¢in theirinventory (Maddieson 158%51‘ The
voiced palatal fricative j is even more rare. But the Chadic laneua ges Marg! arad%ur‘a
h;x:e ~atleast on the surface - notonly both the voiced and vo?ceiess pal atzi ﬁ{caﬁv 5
¢} butalso contrast these with a voiced approximant j, as well as with voiced a.;d
vozcel‘e.svs velar sto?s, and voiced and voiceiess velar fricatives. In fhé phionology of
Ma:g; the palatal fricatives are the palatalized counterparts of the velar ﬁiéa%iie:;
nl(f;f:gdllesgn 1:98?? -Margt words iBlustrating all these sounds are shown in table 5.8
oiced velar fricative vis 2 [ike irnant cative,
#isnot dear whether ﬂigi?z}ii?;gz;z];t; il: ;agg;ai?;f;i‘:: Z? y *I’J_E fz}ca&ve‘

X : ! ; i irafives are equuvalentio the
{:‘«’efaiI sha_pes fnthe corresponding stops, with the difference being simply that there is
; :jgrgx c?iitir;;:hgn f}acr1 the fcatives, andl acomplete dosure for the stops. We donot
i;;djcagg ﬁﬁ}a : al {t)g;criz ataon t;rles? Margt soa{ﬁds; butxeray data for other languages
e palatal stops ;_nd fricatives may differ considerably in the position of the

fof the tongue. Figure 5.20. based on x-ray data in Bolla (1 980, shows that Hun-
%L;nm cand 5 have the roct of the tongue more advanced than g and] This r;xay be
; ai;zeﬁz ;:3?5 (ar‘ag the nasal ) requirean arficuiatory gestaze in which the tongee
&y considerably higher, asif fhe aim wereto push the tongue tirough the
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Figure5.20 X-ray tracings of Hungarian palatals {after Bojia 1980}, Note that the oot ol the mng.ueis
more advanced for the stops on the left-hand side, than for the palatal fricetives ¢ and j on the right,

)

Figure 5.21 A romparison betveen 3 voiceiess velar stop and a voiceless velar fricative in Standard
Chinese (based on data in Zhoo and Wa 1963}

roof of the mouth, as we noted in chapter . o

There are data on several janguages containing velar fricatives, ip:dzca}tmg
that the vocal fract shape is much the same in the stops and in the Iricatives.
The differences in the overall vocal tract shape are less dramatic than those for the
palatal gestures, perhaps because the gesture for a velar stop requires a less extreme
tongue movement than that required in palatal stops. A comparison befween Standard
Chinese x and k (based on data in Zhou and Wu 1963) is shawn in figure 5.21.

Velar fricatives contrast with uvulay fricatives in a number of languages {e.g. In the
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Figuze 832 Voiceless weular ficative till ¥ in Wolof {after Ladefoged 1988).

Amerindianlanguages Haida, Thingit, Wintu and Pome, and inmany Caucasian lan-
guages). Wedonot haveany articulatory data of our own on any of these languages,
but we thinkit likely thatuvular fricatives may have much thesame vocal fract shape
as uvidar stops. There s, however, a comnplication in the case of uvular fricatives in
that the shape of the vocal tract may be such that the uvula vibrates. An example
of a trilled uvular fricative in Wolof is presented in figure 5.22. Uvular trills are
discussed in chapter 7.

As we noted in chapter 2, pharyngeal fricatives are not as common as might
be supposed from the literature, as most of the sounds to which this label is
attached (e.g. in Arabic and Hebrew) are actually what we would call
epiglotal rather than pharyngeal in place. There is, however, a clear case of a
language with a pharyngeal fricative that contrasts with an epiglottal fricative
in Agul. Examples of the contrasts in the Burkikhan dialect of Agul were given
in table 2.9, repeated here as table 5.9. Spectrograms illustrating these contrasts
are shown in figure 5.23. The first and second formanis come very close te-
gether in the pharyngeal fricative, with the first formant having a very high
value (well above 1000 Hz at the maximal pharyngeal position for the frica-
tive). The first formant then falls during the eaxly part of the following vowel.
The epiglotiai fricative is bath noisier (having a greater intensity relative to the
surrounding vowels) and more like a simple noise source producing energy in
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Table 5.5 Words ilustrating contragting pharyngeal and epiglattal fieabives, am_j epiglotial plosives,
irn the Barkikhan dialect of Agui (data from & Kodzasoy, personal communicationi

VERCED FEARYNGEAL BRICATIVE mat  bridge muiar :bnd g‘es'

VOICELESS PHARYNGEAL FICATIVE muh  bam’ muhar Ibams .

W OICELESS BFIGLOTTAL FRICATIVE med ‘whey' mesHer twheys )

WOICELRSS EFGLOTIAL ia? ‘nanier” jadar fcemers )
Ly se2 ‘rrRasire’ sEREr  ‘meastires

the formant frequendies of the surreunding vowels. ) o

The sounds in Semitic languages that are calied pharyngeal fricatives are
often neither pharyngeals nor Ficatives {Laufer and Condax 1979, 1981
Catford desciibes these sounds as approximants; in fact he goes on to say that
they are "often wrongly described as fvicatives,” a sentiment w1th: which we
agree. He is clearly correct In saying that in much, if not most, casual (ia_zliocgfaaal
Arabic (as opposed fo citation forms produced for the benefit of linguists)
these sounds are not fricatives. In cur experience there 1s audible local turbu-
lence in the sound that Catford symbolizes as b, but, as he notes, if is very
seldom apparent in what he symbolizes as . ‘ ‘

We would also suggest that these Semific fricatives ngllnt more properiy be
called epiglotial rather than pharyngeal. Catford (1977%) degcnbes a gesture ;hat we
regard as truly pharyngeal in which “the part of the pharynx immediately behind the
mouth is lateralty compressed, so that the fancal pillars move towar_dﬁ e?ch”ether. At
the same time the laryne may be samewhat raised.” He considers this to be “the most
common articulation of the pharyngeal approximants.” There are, however, seversl

me H € ro
00200 300 400 5007600 ms

m u h a r

0 100 200 300 400 300 600
Figure 5.23 Spectrograms of e Agui wards muhar ‘barns’, snd souer “whevs spoken by a male
speaker of the Burkikhan diaject.
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Figure 324 A wvoiceless epigloval frivative # (before ) in Arabic {fomm data In Bukshaisha 1985).

instrumental records indicating that these gestires are more usually made in the
epiglottal region, rather than in the upper part of the pharynx. A fypical gesture as
indicated by x-rays is as shown in figure 524 (from data in Bukshaisha 1985}, The
diagrams based on x-rays in Al-Ani (1970) for fragi Arabic and Ghazeli {1977} for
Tunisian Arabic also show that there is a constrictlon near the epiglottis. Laufer and
Condax (1981}, using fiberoptic data, deseribe a gesture in which the epi giottis has a
more active role. In their work on Hebrew {and in later work on Palestinian Arabic,
Laufer, personal communicatiors) they conclude that the constriction “in no way in-
volves the tongue.” Instead it is “made between the epiglottis and the posterior pharyn-
geal wall, and may involve contact between the epiglotis and the arytenoids.” This
may be somewhat of an over-statement in that 2 more recent x-ray study by Boff
Dlhissi (1983) concludes that the movementof the epiglotiis is notindependent from
that of the root of the tongue; rather the two elements work together in forming the
constrichon. In so far as these sounds ave epiglottal rather than pharyngeal fricatives,
they might better be symbolized u, §, rather thant, §,

Gestures involving the epiglottis ocour in a number of other languages, inaddition
to the Sernitic languages discussed above. We noted above and in chapter 2 that the
Burkdkhan diatect of Agul contrasts these sounds with phasyngeal fricatives. Catford
(1983) says that this language "has ne fewer than seven pharyngeal and laryngeal
sounds: pharyngeai hand ¢, "deep pharyngeal’ [which we wonld call epiglottal] or
‘ernphatic’ n, §, and the corresponding stop?, and glottalh and 2.” There are x-ray
stadies of some of these fricatives in other Caucasian ianguages. Figure 5.25 shows
macings (also reproduced by Catford) from x-rays by Gaprindashviki {1966) and
Bgazhba (1964) showing the difference betwaen fricatives in fhe epiglottal region in
Dacgl and in the middie or upper part of the pharyrxin Abkhaz.

1t may be that, instead of two distinct regions, pharyngeal and epiglottal, there is
actually a range of possible gestures made in this one generai area. The most anterior
of these would be the gestures described by Catford (19775} as invelving the faucal
piilars and the part of the pharyrx immediately behind the oral cavity. Aslightly more
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Figir2 5.25 Upper phanmgeal constrictions (extending into the vvidar region) in Ablkhez {top row
wasad on Bgazhba 1968), and epiglotial constmictons in Dargl (bottom row based an Gaprindashsi
19665

retracted gesture can be exempiified by Panish . This sound is sometimes considered
{e.g. by the International Phonetic Association 1949) to be a form of wvulary, butit
actually involves a weak constriction much nearer to the middle of the pharyngeal
continuum. In contemporary Dandsh these sounds are usuaily approximants rather
than fricatives, but in a very distinct, more old-fashioned, promunciation a turbuient
airstream is formed in the vicinity of the constricion associated with alow back vowel.
This is closer to the glottis than the constriction near the faucal piliars in the upper part
of the pharynx desaibed by Catford (19770}, butfvis diséinetly above the level of the
epiglottis,

Gestures involving constrictions that may be even closer to the larynix occur
in Khoisan languages, where they are used in the production of so-called
‘strident’ vowel sounds {Ladefoged and Traill 1984, Traill 1985}, There are
phonological and phonetic reasons for considering these Khoisan gestures as
phonation types rather than as fricatives of the kind we have been corsidering
in this chapter. Theyv are additive components that affect the vowels rather
than forming in themaelves a consonantal gesture; and they often involve
concomitant larvngeal gesture. Nevertheless they are definitely iricative
sounds, with a turbulent airstrearn being produced by a constriction within the
vocal tract, just above the vocal cords. X-ray tracings (from Trafll 1985) showing the
articulations used by two speakers of IX66 are given in figure 5.26. Tralll notes that the
epiglotiis is hard to specify in these tracings from frames in a dinexeray film, as i was
usually vibrating. Accordingly it might be appropriate to describe these sounds as
epiglottal fricative trills.
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Figure 5,25 X-rav radings of two speskers of IX63 produdng epigictial ardicalations accompanying
vowels Of an i iype {dotted Bne) and of an a type (solid ling) {afer Trasll 1985).

Finally inthis survey of possible fricative geshures, we must consider same more
complicated possibilities. Shona has so-called ‘whistling fricatives” in which there s
extierne lip rounding combined with alaminal alveniar gesture. These sounds are dis-
cussad furtherinchapier 10, when we consider muitiple articulatiors. Some dialects of
Swedish have a fricative that has been said to have two oreven three arficulatory con-
stictions {Abercrombie 19673, We do not, however, think it is comrect for mmore than
one of these constrictions to be considered a fricative articniation. There is good data
availabie on the Swedish sibilant fricatives (Lindblad 1980) allowing us to consider
these sounds in detail.

Swedish has four phonologically distinct fricative gestures. The contrasting sounds
are sometimes symboelized £, s, ¢, § in addition, in Stardard Swedish, there iz a
retroflex fricatives, which is, phonologically, the sequence /1s/. The first fvo of these,
£ 5, donot need extensive comment; £ islabioderial £, and sis dental & The other two,
¢ ; axe more difficult to deseribe. The basic descriptive problem is one of geographi-
cal, sacial, and stylistic variation. According to Lindblad {1980}, the most commen
usageis for ¢ to be a “predorsoalveclar fricative.” His further commernts and sketches
based on x-rays indicate that¢ is similar to the Polish gesture thatwe symbalized in the
same way, which we called 2 palatalized post-alveotar sibilant. Lindblad notes that
variations of this phoneme in Swedish inciude an affricate f¢ ortf, and a palatal
fricative ¢ similar 10 that in German ich.

The fourth Swedish fricative, usually symbolized by §, is the most interesting.
Lindblad describes two common variants of Swedish . The first, for which he uses a
different symbeol, he calls a highly rounded, labiodental, velar or velarized fricative. A
redrawr: version of his x-zay fracing is shown in figure 5.27. Lindblad suggests that the
source of friction is between the lower lip and the upper feeth, and it certainly appears
to be s¢ Tom his x-ray. He also demonstrates that the upper lip is considerably pro-
fuded incomparison with its position with that in the gesture fori. maddition to these
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Frgurz 527 Swedish §, 2 hghly rounded, [abiodental, veiar or velarized fricative {based on dais in
Lindblag 1980},

Fignre 528 Lindbiad’s {1980) pronunciation of an alternative form of Swedish § on the leff, and his
pronunciailon of German X on the right.

anterior gestures, Lindblad notes that the "tongue body is raised and retracted
towards the velum fo form a fairdy narrow congtriction. (The presence of this
constriction is constant, but not its widih or location, which vary consider-
ably.)” The posterior constriction in this variety of §f is not great enocugh to be
itself a source of turbulence, so that, although this sound may have three nota-
ble consiriciions, ene in the velar region, one labiodental, and a lesser one be-
tween the two lips, only the lebiodental constriction is a scuree of friction.

The second common vadant of Swedish B, illusirated in fgure 5.28, is de-
scribed by Lindblad as a “daorsovelar voiceless fricative” pronounced with the
faw more open and without the lip protrusion that occurs in the other variety.
Lindblad suggests that the difference between this sound and the more usaal
velar fricative x is that the latter “is formed with low frequency irregular wibra-
tions in the saliva at the constriction” (Lindblad 1980, our transtation). We in-
fer from his descriptions and diagrams that this vardent of § hes less friction,
and may be slightly further forward than the velar fricativex comrmonly found in other
languages. Lindblad claims that between the extreme positions of the labiodental f and
the more velar f, “there are a muumber of intermediate types with various jaw and lip
positions, including some with both anferior and posterior sound sowrges.” Aswenote
in chapter 10, we doubt that it is possible to produce turbulence at two points in the
mouth simultaneousty for ordinary linguistic parposes.
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5.4 Acoustic Differences among Fricatives

Some aspects of the acousties of fricatives have been noted above, but here we
will attempt a more general summary. There have been surprisingly few stud-
ies of the accustics of fricatives. One of the most comprehensive works on the
English fricatives is still that of Hughes and Halle {1956). In their discussion of
f, %, [ as spoken by three speakers, they note tha! there are great discrepancies
among the spectra of a given fricative as spoken by different speakers, but the
differences among the spectra are consistent for a single speaker. Hughes and
Haile found very varied spectrai characteristics for f, v, but more specific spec-
ral properties for the sibilants, with s, 2 being characterized by spectral peaks
&t higher frequencies than [, 3. In their more recent study, Shadle, Moulinler,
Dobeike and Scully (1992) come to a similar condusion. Hughes and Halle
(1956} did not investigate English 8, 4, and there is still a lack of published
seoustic data on these sounds, with only small amounts of data having been
reporied by Shadle et al. (1992}, It seemns that in the case of the pairs f, 6and v,
& in English, the inconrsistencies between speakers are 50 great that it mayv be
profitless to iry o characterize the acousiic spectra of the fricatives themselves,
Shadle et al. (1992} note that the generally accepted view is stili that of Harris
{1958) who suggested that the principal difference belween these fricatives Hes
in the formant fransitions.

Lindblad (1980}, whose articulatory investigations of Swedish fricatives wers de.
scribed above, also provided two different kinds of acoustic data on Swedish fricatives.
One is the analysis of a subset of these fricatives as they oceur in different phonetic
contexts, and as spcken by different individuals. The other is an analysis of a wider

- range of Swedish fricatives as spoken by himself as an iliustration of archetypal pro-

ductions {'cardinal’ versions) of these sounds. Flis analysis of's, c and s as spoken by
five different speakers is reproduced here in aslightty modified form in figure 5.29.
There are large variations among the speakers, butit s true that for each of themg has
the lowest cut-oif frequency, ¢ the next, and s the highest. There are also very consider-
able contextual effects, as may be seen from figure 5.30, which shows these same frica-
tives as pronounced by two of the speakers ina vazriety of vowel contexts. For any one
vowel context the spectzel relations amongs, ¢, s are similar to those desceribed above
when they occurred before w. But the variations in the spectrurn of each of these
hricatives before different vowels are enormous. Figures 5.29 and 5.30 provide good
evidence of the difficulty of characterizing fricatives i1 terms of their specira.
Lindblad's demonstrations of his own pronunciatons of some of the fricatives that
ocour in different Swedish dialects are shown In figuare 5.31. He notes that these scumds
may be characterized v a great extent by the frequency of the loweredge of theband of
fricative noise. For the three sibilants s, s, f on the left of the figure, this frequency
gradually descends. (It fs somewhat surprising thatitshould be lower in [, thaning.)
In the palataiized post-alveolar sibilant ¢ in the lower left of the figure there is aless
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Figure 5.28 Specira of Swadishs (solid ling}. o {dashed ling}. ands {dotted line) before a: as produced
by fve speakers designated A~E (after Lindbiad 19303,

sharp lower frequency cut off, as there 1sin the palatal fcative ¢opposite it on the
lower right side; ¢ differs from ¢ by having a higher mean speciralenergy. The rounde_d
fricatives ir: the upper nght part of the figure have a strong low frequency peak Bolk
Frand fj also have alow frequency peak, aswell as a considerable amount of energy
in the region justabove 4 kHz.

The fechnique of investigating the acoustics of fricatives by using a single
speaker io produce a wide range of fricatives, employed by Lindbiad %or
Swedigh, enables speaker-dependent variables to be controlled. Studies of this

EL
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Figure 5.30 Spectra of Swedishy, ¢, and sbefore k (solid ling), v (dashed Iine) and before w (dashed
znud dotted ing} as produced by two speakess A and B {after Lindblad 1950).

Kind include Swevens (1960}, Jassem {1962}, and Shadls {19851, Shadle acalyzed sus-
tained productions of the fricatives ¢, £, 8, 5, [, x as spoken by three male and three
female “phoneticians or speech researchers familiar with the phonemes.” She again
found “tremendous variation in spectrat shape” between speakers. However, in her
later work she and her co-authors note that “simple measures such as frequency range
for high amplitude regions are klkely 1o be highly variable,” and have shown thatitis
pessible “tolocate low amplitude but consistent speciral peaks, and ta discover their
cavity affiliation” {Shadle, Badin and Moulinier 1991: 44).

A comparison of a larger range of sounds is presented by Jassem (1968),
who considered the acoustic structtze of a number of fricatives in different
languages. Spectra of 12 of these sounds are reproduced in fizure 5.32. When
considering Jassem's findings, it must be remembered (as he himself ernphasizes) that
ihe data represent fricatives as produced by only 2 single speaker; but, nevertheless,
fris speaker (Jassem) is “well acquainted with these sounds through contact with lan-
guages in which they accur and/ or through exhaustive phonetie training” (Jassem
1968). There is little more that we need say about ¢, f, 8, apart from no Hng their
comparafively dat spectium. All the sibilants have a refatively sharp low frequency et
off thatis higher in frequency in proportior: s the sibilant is more front in articulation
{#5 we have noted above). The paiatal fricative ¢ in Jassern’s specira seems to be s
far to the alveolo-palatal ficative ¢ in Lindblad's prenunciation shown in figure 531,
being marked by a particulaly strong localized spectral peak. Conversely, Hie aiveolo-
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Figure 5.31 The sibilant fricatives that socur in different Swedish dialects ac ororonosnesd in thelr
‘cardinal’ versions by Lindblad {19800 (Lindblad uses different symibels, here turped into their IPA
equivalents.}

palatal fricative ¢ in Jassemn’s specira seems 0 be similar to the palatal fricativegin
Lindblad's, being relatively flat. The more back fricatives, %, Z, b, have a spectral
peak that decreases in frequency as the place of articulation approaches the giotts, and
additional peaks in the higher paxt of the spechrum.

55 Laryngeal Settings and other Modifications
of Fricatives

The majosity of fricatives are voiceless and we have used voiceless examples inmost of
the previous discussion, with fewer mentions of their voiced counterparts. The greater
frequency of voiceiess fricatives in the world’s Janguages may be due to the fact that the
strong low-frequency energy thatresults from voidng tends to mask the lower-ampil-
tuele frication noise in the higher frequency range. Also the fow impedance at the
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Figure 5,32 Speckra of 12 [ricatives as produced by Jassem {1968),
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glotiis increases the difficulty of aeating turbulence at the articulatory constriciion,
Howsever, many languages contrast voiced and voiceless fricatives, and there are a fesy
that have a three-way contrast in laryngeal Hming, Many speakers of Burmese, for
example, have voiced, voiceless unagpirated and aspirated fricatives, as exemphifiad
i fable 510, which differ from one another in voice onset Hime, The articulatory and
acoustic differences among these sounds aresimilariothose betwean voiced, voiceless
unaspirated and aspirated stops.

Fricatives rarely occur with non-modai tvpes of voicing. As we discussed in chapter
3, Korean has a vartety of stff volce that characterizes what are sometimes called fortis
consonartts. I addition to the stops, there is a fxicative, 5%, in this series, {The
denotes a fortis articulation.) Mausa has a form of s that may be laryngealized, butis
usualiy ejective, as wewill discuss below. Apart from these two languages, ondy four
languages with laryngealized fdcatives are listed in Maddieson {1984a), and none of
them has mare than one such sound. A volceless laryngealized ficativesis reported
in Southera Nambiguara (Price 1976) and 5iona {Wheeler and Wheeler 1962}, which
may well be similar to the Koreen $*. Wapishana (Tracy 1972) hias g, and Sui (L
1948} has v. There are no languages listed with breathy voiced fricatives. Fowever,
voiced hicaivesin Wu dialects produce the same tonal effects as the stops with breathy
release. [tis therefore likely that they share this characteristic with the stops.

All the fricatives we have been discussing so far have used the pulmonic
abrstreamm mechanism, bul glottalle egressive {elective) fricatives alse occur,
Yapese, Tlinglt, Hausa, and Amheric are among the languages that have
gjective fricatives. Words ilustrating pulmonic and gjective frcatives in Tlingit
are shown in table 311

Hausa ejective fricarives are illustrated in figure 533, which shows a
spectrogyam of the Hausa phrase §'dns’& & nd "They are buds’. Both exam-
ples of ejective §' are accompanied by a rising movement of the closed laryny,
followed by its subsequent refurn to its normal speech position. This up-and-
down movement te probably responsibie for the movement of the point of ar-
Hcalation in the gesture which causes a variation of the pole frequency assocd-
ated with the fricative noise. The variations in frequency can be clearly seen in
the medial §" and are also evidert in the initial §*. We have seen similar varia-
Hons in giective 87 in other languages. The npward movement of the glottis in
an gjective is achieved by raising the hyoid bone. This action will also produce
anupward and forward movement of the body of the tongue. The resulting more for-
ward articulation of the s wifl have a higher frequency, as the cavity in front of the
constricion will be smaller. When the larymx falls, the reverse process occizs, and the
pole frequency s lowered. Figure 5.33 also shows that there is an interval of about 46
ms between the end of the medial fricative noise and the release of the giottad stop, and
afurther shortinterval before the vocal folds start vibrating.

The occurrence of prenasalized fricatives is noted in chapter 4 and lateral fricatives
are discussed inchapier 6.
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Table 510 Words iustrating confrasts among Burmese fricatives

Vouoen VHICELESS UNASTIRATED WOICELESS ASPIRATED
P si s™
‘lace’ “t0 be ungry’ ‘letter”

Tabfe 5.01 Words iHlustrating contrasts among Tlingit pulmanic and glottaiic egressive (gactive)
fricatives it vedh stams from Story and Naish (1973

ALVEDLAR VELAR Lagasien Uvra s LABIALIZED
VELAR EIVLILAR
Falmonls  Sar xpit x*a:s et Krad
‘benarrow’ ‘stick owt o’ Chang’ ‘multipiy’ ‘shake, fremble’
Bronve  s'a X'a as’k et = as’

‘daim (property)  Hle’ Tre nugemls’ ‘gnaw, chew’  ‘become bald’

5.6 Phonological Features for Fricatives
We will now corsider how all these fricatives canbe classified within each language in
terms of features. We will start by considering the features that
are necessary 0 classify fricatives as distinct from other sounds. Then, assum-
ing the validity of the distincHon between sibilants and non-sibilants within
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Figure 5,35 /spectrogram of the Hausa phrase '6ns's: J& 12 ‘They are birdg'.
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the class of fricatives, we will go on to assess the adequacy of the place
features discussed In the previous chapter for making further distinctions
amaong fricatives.

In traditional distinctive feature terms thereis no single property that charscterizes
fricatives; they are distinguished from other <dasses of stunds
by the feature values [+ continuant? and [- sonorantl Other phonelogical
feature theorles {(e.g. Ladefoged 1092, Steriade 1993ab) have proposed an
Aperture or Strictare feature. Ladefoged uses the texms [stop], Ifricativel, and
[approximant], for three prncipal values in a mwld-vahued continuum,
whereas Steriade defines Aperture as having just three phonologically relevant
possibiiities {notated Ag. Af and Amax) which are similar to Ladefoged’s prin-
cipal values. Most feature theories allow for a further distinction among frica-
tives. Both from a phonoiogical and from a phonetic point of view, the appro-
priate divizion is into sibilant {obstacie} and non-sibilant (nor-obstacie) frica-
tves. We can see nio Teason for grouping f, v along with §, 2, [, 3 and tie other
sibilant fricatives, as proposed by Chomsky and Halle {1968) on the basis of
purported similarities of constriction length. It is far preferable to divide frica-
fives into sibilants and non-sibilants as indicated at the beginning of this chap-
ter in table 5.1,

The further differentiation of fricative sounds involves what is traditionatly
called the place of articulation. As we noted in the last chapter, the place fea-
tures can be thought of as specifying the direction of the movement, and the
shape of the moving articuiator. For many non-sibilant fricatives, the direction
of the movement and the general cavity shape is much the same as in the corre-
sponding stop. However, the extent of the movement and ifs temporal organi-
zation 15 always very different; Iricative transitions are stower than those for
the corresponding stops. Fricatives require the specification of a separate, in-
trinsic, timing pattern.

The places of arficulation discassed in chapter 2 can be used in a fairly
straightforward way for classifving the articulatory gestures in most non-sibi-
lant fricafives. But, for sibilant fricatives {and also for sibilant affricates) fur-
ther disiinctions are made by using different shapes of the articulalor. We pro-
pose that, in addition to the feafures Fricative and Sibilant, the phonological
classification of fricatives will requure a feature specifying these different tongue
shapes. Among alveclars we have noted thal some of them have a deep groove inthe
tongue, whereas others do not. This suggests that there might be a feature Shape, with
possible values flat and grooved. This feafure might also be used for distingmishing
post-alveclar sibilants, in which there are two further values, domed and palazatized.
Chinese and Polish so-called retroflex s is a laninal fat post-alveotar; Toda and {for
soma speakers) English palato-alveolar {is alaminal domed posi-alveslar; and Chi-
neseand Polish alveolo-palatal ¢1s 2 laminal palatalized post-alveolar. The four possi-
bilities for the Shape feature, grooved, flat, domed and palatalized, form a mutually
exclasive set. There is also another possibility among post-atveckar sibilants which
specifies not the shape of the fonguebehind the point of maximum consizietion, but
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whether or not there is a sublingual cavity. It is hard fo consider this as another value of
the feature Shape, as it could be combined with any of the four values. We suggest that
there is aseparate feature Closed.

We speculate that these addifional variations in tengue shape are not used
contrastively in stops (although they may be redundantly present) because
their effect on the acoustic signal is oo smail. Place ‘nformation in a stop is
signaled by the adjoining mransitions and the release burst, that is, only at the
margins of the segment. However, in a fricative, in addition to that provided
by the transitions, place irdormation is provided by the spectrum of the noise
throughout the duration of the segment, even though providing good quanti-
tative descriptions of this information remains a challenge to phoneticians. As
aresalt, more subtle variations in articulatory posture can be perceived. This is
all the more the case with sibilants, a5 differences in the angle at which the air
strikes the obstacle and the velocity of the airflow can cause large spectral dif-
ferences. The distinctions required for describing fricatives are thus more
elaborate than those which will adequately characterize stop contrasts. The
comsequence of this fact {s that there is no uniform transformation between the
vocal tract shape of a fricative and that for 2 stop, even if the primary place iz
the same.




Laterals

In this chapter we will review all of the various types of segments which have
a iateral component. Laterals are usually defined as those sounds which are
produced with an ceclusion semewhere along the mid-sagittal line of the vo-
cal tract but with airflow arcund one or both sides of the occlusion. We will
defire laterals slightly differently; they are sounds in which the tongue is con-
tracted in such a way as to narrow its profile from side to side so that a greater
volume of air flows around one or both sides than over the center of the
tongue. In mnost laterals there is 1n fack no central escape of alr, but our defira-
tiony does not require the presence of a ceniral occlusion, and wili allow for
some central airffow.

The common types of laterals, voiced lateral approximants, have tradifion-
aily been grouped with rhetics {r-sounds} ander the name of "liguids’. The core
membership of the class of rhotics is formed by segments in whick there is a
single or repeated brief contact between the fongue and a point on the upper
surface of the vocal tract, Le. principally apical trills, taps and flaps. Laterals
and rhotics are grouped together becaunse they share certain phonetic andvphw
nological similarities. Phonetically they are among the most senorous of oral
comsonants. And liquids often form a spedial class in the phonotactics of 2 lan-
guage; for example, segments of this rlass are often those with the greatest

freedorn o occur 1n Consonant clusiers (for more discussion of these similari- .

ties see Bhat 1974). Furthermore, guite a few languages have a single underiy-
ing liguid phoneme which varies between a lateral and a thotic pronunciation.
We note the validity of the kquid grouping but have chosen 1o devote separate
chapters to laterals and rhotics. Rhotics and related sounds are discussed in
chapter 7. We will also discuss the relahon between laterals and rhoties in that
chapter.
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Our review of laterals will begin by discussing the articulatory and acoustc
properties of the most frequent type of lateral, a voiced lateral approximant,
before turning to other types of lateral segmenss, such as fricatives. A fnal
section will discuss the issues concerning linguistic representation of laterals
that are raised by our analysis of theiz phoretic nature.

6.1 Voiced Lateral Approximants

Most lateral segments in the world’s languages are made with an occlusion in
the dental/alveclar region {Maddieson 1984a). Palatographic and x-ray stud-
les of several languages have shown that in many cases the occiusion is limited
to a few millimeters on the alveolar ridge in the area behind the incisors and
perhaps extending to the premolars. Tt does rot extend back io the molar re-
gions but 1nstead the body of the tongue is relatively low in the mowuth behind
the closure, permitting lateral air escape as far forward as the front of the pala-
tal region. Figure 6.1 compares the articulatory position for | with that for ¢ for
a German and a Standard Chinese speaker by means of palatograms and
sagittal x-ray ‘racings from Wingler (1961) and Zhou and Wa {(1963] respec-
tively. The cortact indicating sealing of the closure around the sides of the pal-
ate seen in the palatograms of t in the lower half of the figuze is mussing in the
palatograms of |. The x-rays indicate that, although the tongie Bp makes con-
tact at a fairly similar focation for tand 1, the profile of the tongue behind the
coesure differs, so the tongue is lower in the mouwth below the front paiate area
for the lateral. Note that the jaw is also wiore open for ) than for . This low
posifion facilitates the lateral escape of air. Simiiar differences in the tongue
profile can be seen in published datz on a number of cther languages with
dental or alveolar stops and Jaterals. In the German | there is also a much wider
pharynx than is seen in the stop.

Though this articulatory pattern of a quite limited medial closure resicted
t0 the front of the mouth is common for dental and alveolar laterals, it 15 by no
means umversal. The area of contact may extend further back in the mouth
than occurs in the examples in figure 6.1, meaning that the lateral escape is
located further back. It is alse possible for the closure at the front to be incom-
plete. Balasubramanian {1972} includes palatograms of the long alveoiar lateral
tof Tamil which show a moze extended lateral contact on the right-hand side
of the palale. Bolla (1981) shows bilateral contact back to the third molars fora
Russian speaker. Figure 6.2 shows retracings of three palatograms of a Gona
speaker {from Painter 1970) producing alveciar laterals. In each case, these
laterals are produced with a small escape channel af the front to the left of the
medial fine. The main lateral escape is further back. in figure 6.2 {a} If is on the
left in the mid-palatal region. In figure 6.2 (&) and (<} the escape around the
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German Chinese
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Laters Latera!

Figure 6.1 Xray traciags and palatograms companing articuiabory posigons for | and t in German
and Standzrd Chinese (based on data in Wingler 1951, and Znow ansg Wa 1963 respectivelv).

{a} (b} (e}

Figure 6.2 Palatograms showing contact args for three repesitons of § by a Conja speaker (hased on
data in Painter 1970). .
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oral obstruction is further back in the mouth than the palatogram is able to
show.

Dynamic palatographic records of a British English speaker published by
Dent (1984} show contact maintained along the edges of the palate above the
molar teeth and on both sides of the alvestar ridge in most instances of I, but
during production of an i in the cluster s} a small ceniral escape channel in the
alveolar region remains open. Dent notes that this absence of medial closure
occuss sometimes with two out of her three subjects but that the pereept re-
mains that of an authentic lateral. So we see that iaterals do not always have
complete central closure. However, ever when they have some central airflow
they have a larger escape channel further back in the mouth. Note that these
laterals with no central closure are in syliable-initial positions, not in finai posi-
Hor. We will return to the question of laterals without a cenfral closure helow,
in connection with the vocalization of postvecalic laterals.

First let us review what articulatory gestures are used in the production of
laterals of the corrunon velced approximant fype. We will do this by reference
to the point of most forward contact of the tongue (the traditional place of
articulation) and to the part of the longue that is involved. We will aise discuss
some questions concerning the shape of the remnainder of the tongue where this
is known. As in previous chapters, we will begin by examining the differences
between typical productions of contrasting lateral segments within a language
and then building a composite picture of the range of conirasts that seems pos-
sible. The terminoclogy for places of articulation will be that developed in ear-
tier chapters. '

There are fewer places at which laterals are produced and fewer conirasts
between laterals than is the case with stops or fricatives. The largest number of
contrasting simple voiced lateral approximants known to occur in a language
is four, as found in our own work on Kaitiy (see below) and reported from
several other Australian languages such as Pitta-Pitta (Blake 1979), Diyar
{Austin 198]) and Arabana (Fercus 1973). Kaititj has laminal dental, apical al-
veolar, apical post-alveolar and lamiral post-alveclar laterals. Examples of
words containing these are given in table 6.1.

The number of languages which contrast simple voiced lateral approximants
at three places of arficulation is also relatively small, and many of these are
also languages of Australia. Examples are Munggubuyu, Alawa and Bardi.

Jable 5.3 Words illustrating contrasting iaterals in Kaitig

LAMIMALDENTAL  AFICALAIVECLAR  ANCAL SOST-ALVECLAR LAMINAL POST-ALVECLAR
1 i ! i
Betar  IRP  ‘armpitt Jubiy  Cthigh' larigk  hit lukunk ight {fire)”
MemaL alum  ‘burrow’  ajugk “chases alat samed board®  alilk smootly’
Final,  albal smoke irmal fresaw  aldimal ‘west kural  star
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Figure 6.3 Cine w-rays of apical dental and apical alveolar laterals in Albardan: § in hala “aurd’. §in
pals ‘pair {based or data ix Bothoret 1963-70).

These languages lack the laminal post-alveclar lateral found in languages like
Pitta-Pitta. The Papuan language Mid-Waghi, which will be discussed belawh
also has three places for laterals, ag do a mumber of languages from other
parts of the world, including Khanty (Gulya 1966) and Argentinian dialects of
Mapuche (Key 1978}, Languages with two Iaterals are much more frequently
encountered; defailed articulatory phonetic information is available on some
of these languages. Several of these throw interesting Hght on the role of
tongue profile in contrasting articulatory gestures.

Cine x-ray studies (Bothorel 1962-70; indicate that Albanian has a distine-
tion between what might be labeled apical denzal and apical alveolar laterals.
Tracings of these are given in figure 6.3. Note that besides the different focation
of the ‘place of articulationy’ there are several other differen ces between I in pale
and 1 in halla in this figure. The back of the tongue is retracted for ] so that a
narrowed pharyn results, and the body of the tongue Kes lower int the mouth
than fox 1. The speaker represented in Dodi {1970} seemns to have less of a place
difference than the two speakers examined by Bothorel, but does show the dif-
ference in tongue prefile. The Albanian laterals indicate that the dental vs al-
veolar place contrast can occur with the “erhancement’ of differert tongue
body positions but without differing by one being faminal and the other apical.

Laminal post-alveolay (palato-aiveolar) laterals occur in limited surface con-
trast with apical alveolar laterals in the dialect of Breton spoken af Argol
(Bothorel 1982). Cine x-rays of these sounds are shown in figure 64. The par-
ticular token of the apical lateral shown in this figure has a somewhat more
forward position than those before other vowels, and the tonigue partly con-
tacls the teeth. It was selected in order to show the fwo contrasting laterals of
the language in similar vowel environments, The faminal post-alveclars occur
only after an actual or historical § and consequently have some similarities of.
fongue position to the high front tongue position for i Haowever, they cannot
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Figerg b4 Clrie nerays of apical dental and larpisa: post-alveotar {palato-aiveolar) laterais in Byetor,
it £ : : a
argel dialect: | ins saln:n salads, | in butafeds ‘bottles (bazed on data in Bethorel 1222).

-y
2N

Fgure 6.5 Cine x-rays of apical alveolar and lamina? alveclar Iaterals in Russian: ggk 'va.r_rLish",ji_na
ling' (baged on data bn Konecrna and Zawadowski 1536). The laminal asticulation is the
phonologicaily palasalized counterpart of the apical lateral.

be regarded as simply the result of coarteulation since they do not necessarity
occur next 1o an actual | vowel, as the exampie we have chosen shows.

The Breton laminal post-alveolar lateral tongue shape is 'in sore respecis
quite similar o that seen in ¢ine x-rays of the Russian ‘soft I (Koneczna and
Zawadowski 1956, Fant 1960, Tazié 1977, Bolia 1981, 1982), although in the Rus-
sian sound the contact is Further forward. This Rassian laminal lateral is com-
monly referred to as a palatalized version of the apical hard I', but as thfa ex-
ample in figure 6.5 shows, for many speakers the primary ardculation itself
differs from that seen in the non-palatalized counterpart. For some speakers of
Russian, the contrast can be described as between an apical and e laminal al-
veolar. For pthers, the contrast is between an apical alveclar and a %aminai den-
tal. I addition, there are differences in the position of the body of the fongue.
The apical tateral in figuye 6.5 has some raising of the hack of fhe"zongizepa_nd
considerable narrowing of the pharynx. For the laminal lateral in figure 6.5 the
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highest point of the tongue is under the back of the palate and the pharynx is
wide. In this case, tongue backing occurs with the segment that Stevens,
Keyser and Kawasak: (1986) would call [- distributed], that is, with the one we
would classify as [~ laminali,

In Bulgarian there is also a difference in primary place of articuiation be-
tween the two laterals. These are normally treated as differentiated by pres-
ence or absence of palatalization, but in our view, the difference is really in the
primary articuiation, as in Russian. In the Bulgaman case, both the laterals are
iaminal. The cine x-rays and palatograms we have seen (Stojkov 1942, 1961), as
well as the verbal descriptions by Stoikov, make it clear that Buigarian {is a
larninal dental. Except before front vowels, the front of the torgue is low be-
hind the occlusion and the back of the tongue is raised toward the velum, It
palatalized counterpart is laminal post-alveclar (paiato-alveolar), and the
body of the tongue is generally higher in the mouth, particularly in the front
{although it seems less high than in the Breton case cited above).

The x-ray study by Jazi¢ (1977} contrasts Russian and Serbo-Croatian s and
their palatalized counterparts. For Serbo-Croatian ¥ the occlusion is palato-
alveolay, with the tongue body high and the pharynx wide. Serbo-Croatian |
has alow tongue profile but still a relatively wide pharynx, similar to that seen
in the German and Brefon x-rays in figures 6.1 and 6.4. Thus, phondlogical
palatalization is not always accompanied by a big difference in pharynx width.

The extent to which different tongue profiles of the types seen In the con-
frasting laterals of Albanian, Breton, Russian, Bulgarian and Serbo-Croatian
can be chosen independently of the tongue tip and blade achivity is unclear. It
seemns reasonable to suppose that the choice of laminal or apical articulation
resiricts the freedom of position for the tongue body to some degree, and that
raising the front of the tongue favors laminal arficulation, whereas lowering it
favors apical articulation. The data we have seen suggests that wide pharynx
and raised tongue front usually accumpany the laminal articulations, but the
Bulgarian data shows that this is not invariably the case. The tangue profile
may be more variable when the articulation is apical, but raising of the back of
the tongue and/or narrowing of the pharynx are not uncommon, But thers is
unfortunately foo little data available from too few languages to be sure how
generally these observations apply. It would be nice o know, for example, if
the tongue profile differences in Russian laterals are replicated in Dieguefic

(Langdon 1970). This is also a language with laterals with two types of articula-

Hos, in ene of which “the apex [of the tongue] is raised to touch the alveolar
ridge” while in the other "it is jowered to touch the back of the lower teeth with
the blade contacting the alveolar ridge.” However, Dieguedo lacks the general
phonological division of consonants into plain and palatalized classes which
chavacterizes Russian and several of the other languages we have discussed
here. We do not know if laminal alveciar or post-alvesiar laterals occur with-
out an accompanying raising of the tongue front which mi ght be characterized
as some form of ‘palatalization’. Cur examination of spectrograms of the
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Figire 8.6 Palatograms of apical alveolar and laminal palatal faterals s Spanish, Standard Peninsu-
lar Castlian dialect {after Navarro Tornds 1958),

Dieguefio laminal lateral suggest that it is a palato-aiveclar articnlation, with a
raised tongue position.

The pre-pajatal laminal laterals we have been discussing so far can be distin-
guished from dorsal palatal Jaterals. Laterals of the latter type are found in
itelian in contrast with apical alveclars, as well as in $Spardsh and a number of
other languages. In these palatal laterals, contact is made between the fongue
dorsum and the hard palate. Bladon and Carbonaro (1978) show the occlusion
for Italian 4 being made about two-thirds of the way back on the hard palate. In
those dialects of Spanish which have a palatal lateral {principally those of Eu-
ropean Spanish), the articulation seems to be a little farther forward. The con-
tact area is quite extended, as may be seen in figure 6.6 based on palatograms
of Spanish I and £ in Navarro Tamds (1968}, A tracing of an x-ray of Spanish £
in Straka (1965} shows the tongue #p not making any contact with the teefh {as
in the palatogram in figure 6.5), whereas one in Quilis {15963) shows an exten-
sion of the contact area all the way from the palate to the teeth.

Contrasts invelving sublaminal post-alveolar {retroflex) laterals appear in
Tamil, Malayalam, Toda and other Dravidian langua ges in which stops at this
place of articulation oceur. Most Dravidian languages have only two places of
articulation for laterals, instead of the six or seven places they have for stops.
Svarny and Zvelebil {1955) publish palatograms and x-rays docurmnenting the
fact that Tami] and Telugu contrast apical alveolar and sub-apical retroflex
laterals, with a tongue shape for the retroflex lateral very similar to that for the
corresponding stops shown previously in figure 2.7. The contact for the
retrofiex lateral is on the hard palate, hence these sounds could be considered
as produced with the ‘apical’ variety of the palatal place of articulation. Out-
side the Dravidian language family contrastive sub-apical retroflex laterals are
not known for certain to occur, but, to fudge from a sketch of the articulators in
Gulya {1966}, this type of retrofiex lateral may occur in Khanty, in confrast
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Tkl 6.2 Words illustrating laterals in 1d-Waghi

T AMSAL DENTAL AFICAL ALVESLAR {DoRsSAL) VELAR
ala ala wiaia aLaie
‘zgain and again® *speakincorrectly” ‘dizzy’

with boih palatal and alveolar laterals. We assume that the retroflex jaterais of
the Australian languages are Dkely to be sub-apical since, as noted above in
chapter 2, the corresponding stops seemn to be produced In that fashion,
whereas those of the Indic languages with retrofiex laterals, such as Pardabi,
are apical post-alveolars.

It used to be said that only coronal sounds could be lateral (Chomsky andg
Halie 1968), or that laterals occurred only at the dental, alveolar, retrofiex and
palatal places of articulation {Ladefoged 1971}, However, velar laterals aiso
occar contrastively. Velar laterals, not always of the voiced approximant type,
appear in Melpz and Mid-Waghi in contrast with laterals at other places of
articulation {Ladefoged, Cochran and Disner 1977), and in Kanle (Young
1962) and Yagaria {Renck 1975) as the only lateral segments. These are ali
languages of New Guinea, but velar lalerals are reported also in Kotoke and
possibly also occur in other Bast Chadic languages (Paul Newman, personal
communication} and Hagége (1981) reports a voiced velar lateral in Comox.
Words iliustrating the three contrasting laterals which appear in Mid-Waghi,
laminal dental, apical aiveclar and {dorsal) velar, ace shown in table 6.3. The
acoustic character of these examples is discussed below,

The precise location of the contact and of the lateral escape channel for the
velar cannot be recorded by direct palatography since the closure is ioo far
back, but with an open vowel before and after a velar lateral i s possible to see
both the central velar closure and the lateral opening simiply by looking info
the speaker’s mouth. For the Mid-Waghi speakers we recorded, it was possible
to see that the tongue was bunched ap in the back of the mouth with the tip
retracted from the lower front teeth. The body of the tongue was visibly nar-
rowed in the central region, and presumably alse further back where it couid
not be seenn. The only articulatory contact was in the back of the velar region in
much the same position as for a velar stop and, according to the speaker, air
escaped around both sides of this contact in the region of the back molars. In
addition, the anditory impression created by the brief stop closure which
sometimes occurs before the lateral is clearly velar. In his account of Comox,
Hagége (1981) gives a similar descripton of this sound. He notes that the back
of the tongue makes quite firm contact with the back of the velum and the sides
of the tongue are lowered 50 that there is only weak fricion and the sound is
an approximant

Trager and Smith {1956} claim that velar laterals also occur in certain vare-
ties of American and Scottish English, but no other observers have agreed with
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Tabie 6.3 Flaces of articulation for lateral approximants and exampies of languages using them

TERTAL ALVECL AR POST-ALVEDL AT A ATAL VELAR
AYICAL  LARMIZNAL APMCAL LAMENAL APEZAL  LARIMNAL SUB-LAMINAL - LAMINAL
H % 3 3 3 5 7 8. a
Kaititi Kaity Kaitig Raltif]
Mid-Waghi Mid-Waghi ) Mid-Waghs
Panjabi Tanjabi v
Matayalam hizlzyalam
Atbardan Albanian ’
Russian  Russian
Haliag taiian

this claim. It seems likely that they were referying to what we would call
velarized alveolar iaterals, or possibly fo laterals without a central occhision
which we will discuss later.

Production of uvular or epiglotial {pharyngeal} laterals by narrowing the
tongue and using a medial oeclusion formed with the uvula or the epiglotiis
regpectively is not inconceivable; however, no such sounds are known fo occur
in any natural human language. Bilabial and Iabiodental approximants can be
produced with a central occlusion and lateral airflow, but these seem to be
indistinguishable from the corresponding central approximants. {In fact, for
many English speakers the labiodental fricatives f and v are produced as what
might by some definitions be lateral segments, since they have a closure in the
midline.} Note that since we define laterals as involving narrowing of the
tongue, these labial articuiations are not laterals by our definition. On the other
hand, laterals can be produced by an articulation Involving the tongue and the
upper lp. Linguo-labial laterals sound quite distinctive, but none of the lan-
guages that have developed this place of articulation {{Hlustrated for stops and
fricatives in chapter 2) has employed it in the production of lateral segments as
far as we know, .

We therefore have indications that there are nine ‘places of articulationt” used
fgr lateral approximants, as sememarized in fable 6.3. Of these nine places,
eight participate in pairs that can be distinguished by the apical/laminal fea-
ture operating independently of other aspects of the place feature system, as
::tasmbed in Fhapter 2. Distributional facts concerning laterals in Australian -
anguages (Dixon 19803 provide good evidence for treating the apical/laminal
distinction as a separate feature. For exarnple, in those languages with four
laterals only the two apical faterals may appear as the first element of a medsal
ronsomant cluster.

IVoiced approximant iateral segments seem to be prone to considerable van-
afon in their production, both from individual fo individual and from one
Phenetic context to another. In a palatographic and linguographic study of 20
English speakers and 21 French speakers, Dart (1991} found a wide variety of
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Figare 6.7 Tracings of frames from x-ray fim of I + 30 the phease beiles jambes spokenby a speaker of
Frevich thased on data in Rochette 1973} The speaker was a 23-year-old male native of Pars.

articulations for | within the dental/alveclar region, with somewhat greater
variation among English speakers than among French speakers. She also noted
that there is a strong tendency for | to be apical. Even in French, in which £, d, n
are usually iaminal dental, about 85 percent of the speakers produced | as an
apical alveolar.

Contextual variations among laterals have been well documented in many
languages. In English, for example, 1 is subject to considerable assimilatory ef-
fect from adjacent voiceless consonants {especially from preceding stops), con-
siderable coarticulatory effect of adjacent vowels, and considerable variation
attributable to effects of position in the sylable and morpheme (Lehiste 1964,
Giles and Moll 19753, Bladon and Al-Bamerni 1976, Den: 1984, Gartenberg
1984, Sproat and Fojimura 1993). Large within-speaker variation in the artica-
latory position for French lin various consonant sequences are documented by
Rochette {1573). These include even sublaminal palatal {retrofiex} productions
in the sequences | + 3 and 1 +f. The producton of an | + 3 sequence is illas-
trated in Fgure 6.7. The heavy outline shows the steady state position for the |,
which is maintained for about 60 mas. The lighter traces show phases of the
release, as the tongue Hp is lowered towards the position for 3 and the lips are
probuded in anticipation of the rounding that nsually accompanies this frica-
Hve in French.

The resonant rature of laferals and their somewhat vowel-like acoustic
struciure seem to make coarticulated variation in their prodaction guife no-
ticeable, maore so than might be the case with other classes of segments. The
degree of variability seems to depend in part on tongue position; laterals with
a high tongue body position such as palatals or laminal post-alveclars show
less variation than laterals with a lower tongue bedy position. For example,
italian 1 shows much more variation, measured acoustically by variation in F2,
with respect to both foliowing and preceding vowel context than does 4
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(Bladon and Carbonaro 1978). Somewhat simitatly, the laminal post.aiveolar
{palato-alveolar) lateral ir: Catalan varies iess than the apical alveclar rateral
according to both dynamic palatographic and acoustic studies carried out byi
Recasens (1984a, k). :

A; we mentioned earlier, laterals may also be produced without a camplste
medial occiusion. Extremes of this process may be seen in languages such zs
English and Portuguese where cormpietely unoccluded laterals’ oecur in
postvocalic positions. In some forms of British Bnglish, such as that spoken in
London and much of southeast England, two quite different types of laterals
must be distinguished. For syllable mitial /§/ the tip of the tongue touches the
alveolar ridige and the tongue is narrowed g0 that there is no coniact at ene or
both sides. In syliable-final /1/ there is no alveolar contact and the fongue fip
may be behind the lower front teeth. But there may still be a narrowing of the
tongue so ?hat, by our definition, this segment is still a lateral. It seems as if the
sifuation i similar in Portugnese. Feldman (1972) shows that e final
azioph{.me of /1/ in certain varieties of Brazilian Portuguese is produced wétl';
7o occtusion but with 2 marked raising of the tip of the fengie towards the
a‘jv‘eeiar ridge, where initial allophones of /1/ would have a contact, This ves-
tigial tongue-raising gesture, together with raising of the back of the tengue
produces a segment which is acoustically very similar to v, and for some
speakers of Brazitian Portuguese merges with that segment. Laterals of this
type are likely to become simply vowels or semivowels with the passage c.)f
ttme (as they have i Polish and some forms of Southern British English), but
as long as the tongue narowing gesture remains they are still correctly cIa!ssed
as laterals.

6.2 Acoustic Characteristics of Voiced
Lateral Approximants

Car}cni.cai voiced lateral approximants are characterized acoustically by well-
defined formant-like resonances. The Frst formant is typically rather low in
f‘r&q}zency, The second formant may have a center frequency anywhere within
a fairly wide range depending on the location of the occlusion and the profile
of the‘ tongue. The third formant has typically a relatively strong am;;igh,;de
imd— high frequency; ang there may also be several closely spaced additional
‘ermants above the frequency of F3. When a lateral is adjacent {o vowsls an
anrupt change in formant location can often be observed both when the medial
C}Osur§ for the lateral is formed and when it is released, particuiarly if the ar-
_ilmlath‘on is apical. Laminal and dorsal laterals may have somewhat slower
rransitions from and to adjoining vowels. These proéyer&es can be seen by ex-
a:mmng the spectrograms in figures 6.8 {Atrernte) and 6.9 d-Waghi} below.

The first formart of lateral segments is uniformly low — typically below 400
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Table 5.4 Formant frequencies {in Hzi of Eastern Amrernte laerals

n Fi P2 Jix] B3.F2
Lahsinias, DEFVTAL 4 4t 1811 2891 Hi=lH
APICAL ALYEDLAR 73 386 1677 CH 1484
ATICAL POST- ALVEDLAR 37 268 3132 3178 FEETS
LARIMAL FOST«AEVEOLAR 3 378 2324 %5 77E
P AL ATALIZET RETROFLEX 26 15 2ZR2 Az HEN

Hz for male speakers. Fant {1960) and Bladon {1979} have suggested that ¥1
varies inversely with the cross-sectional area of the lateral passage. If this were
so then laminal Coronal and Dorsal laterals would be expected to shave a
higher F1 {since the body of the tongue is raised and the lateral passage conse-
quently more constricted) and apical and sub-apical laterals would share a
lower F1. Note that this grouping of laterals on acoustic grounds has ne paral-
tel with the groupings established by acoustic properties of stops or nasals. We
find at best partial confirmation of Fant and Bladon's theoretical claims in real
language materials. We have measured the formants in a large number of
Iaterals in words spoken by one female speaker of Hastern Atrernte. Spectro-
grams of representative tokens of the four coronal laterals in intervocalic po-
gition, together with the special retroflex lateral variant which oceurs in clusters
with stops are shown in figure 6.8, Measured formant values are shown in
table 6.4. The apical post-alveolar has a significantly lower ¥l than other lat-
erals and the Jaminal dental and “palatalized refrofiex’ (which also appears to
have a laminal articulation) have the highest ¥1's. However, the apical alveclar
and the laminal post-alveolar have similar FI values and do notf follow the
theoretical expectations. {The other formant frequencies in table 6.4 will be
discussed later in this section.)

Data from some other languages also offer no support for the idea that
laminal laterals uniformly have a higher 1. The laminal post-alveolar lateral
of Breton has a lower range of F1 than the apical alveolar {Bothorel 1982}, and
the palatalized lateral of Bulgarian has an F1 100-150 Hz lower than the plain
{apicaly lateral (Filkov 197%). Vagges, Ferrero, Magno-Caldognetto and
Lavagnoli (1978) show a mean F1 of 500 Hz for § and of 280 Hz for £ for ten
speakers of Halian. The two laterals of Russian are, however, shown as having
the same FI by Zinder, Bondarko and Berbitskaja (1964), contra Fant (1960}

We would anticipate a high F1 for velar laterals following Fant and Bladon.
And, In fact, in our matertals from Mid-Waghs (one speaker) and Melpa {two
speakers) the highest F1 in a lateral segment is observed in the velar lateral,
The relatively high F1 for the velar lateral can be seen in the spectrograms of
the three contrasting laterals in Mid-Waghi given in figure 6.9. It may also be
noted that the velar Jaterals in Mid-Waghi are occasionally ‘prestopped’. There
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Figure 8.5 Spectrograms of laminal dental, apicalalveciar and velar laterals in Mid-Waghi (seeTable
.2 for glosses),

is a brief velar stop closure preceding the first velar lateral in figure 6.9, but the
second is enfirely approximant in nature, )

For laterals without a secondary constricHon invoiving the back of ti*c
tongue, the frequency of the second formant seems 1o be inversely relatecd to
the volume of the oral-pharyngeal cavity belind the afticulatory occlusion
Bladon 1979). Measurements of F2 for the four laterals of Kaitig and
Alyawarra, given in table 6.5, together with the F2 measurements on Arrermite
in table 6.4 confirm this pattern. The pattern of relative height of F2 is gegeralliy
simitar for ali three speakers. It is lowest in the apical alveolar, intermediate
the laminal dental and apical post-alveclar (retroflex) cases, and highest in the
case of the laminal post-alveolar (palato-alveolar) laterals, which have a2
sirabiest cavity behind the closure. When F2 is similar the laminal dex_ztai and
apical post-alveclar are presumably distinguishable by the decidedly higher F1
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Tebie 8.5 F2{inHz) in laterals of bwo addifional Arandic lan s ges

Kamn {masx) ALvEWaline (FRaals)
LaMINAL DENTAL 1350 1FED
Amral AIVECLAR 13325 1425
APALFOST-ALYEDLAR 1350 1500
LamMINAL POST-ALVEDL AR 1800 2250

Tuiz 6.6 F2 {Hz} in laterals differing tn velarzaten Data from Zinder, Bondarke and Berbitskaja
(1564}, Tilkov (1975 and Dodi {1970

Risstan Buicagman ALBANLAN
VEL ApimED k) 16039 BE]
CONTRASTING LATERAL Z280 il 15080

of the demal, as well as by different durations and transitional characteristics,
In gereral, as table 6.4 and figure 6.9 show, ¥2 and F3 ave closer together in
larninal laterals than in apical ones.

In Melpa and Mid-Waghi the lowest F2is again found in the apical alveolars,
bat F2 is lower in the velar laterals than in the laminal dental type, confrary fo
expectation. This may be seen for Mid-Waghi in figure 6.9. However, note that
F2 is much higher in these velar laterals than it iz in velerized alveolars {i.e.
those ixt which the back of the tongue is partially raised toward the velum].
Values for Albanian, Bulgarian and Russian velarized and non-velarized
faterals are given in table 6.6. Although one must be cautious in comparing
data across different subjects, it does seem that F2 is lowest in apical laterals

ith an additional rarrowing at the back. F2 will be lower the narrower this
constriction becomes, as for the production of high back vowels.

6.3 Other Types of Laterals

The maost common laterals are voiced and approximant, as discussed above;
but there are alse a number of other possibilities, Lateral articulations can be
accompanied by most of the different laryngeal settings discussed in chapter 3
and they can occur with various types of stricture. We will discuss these vari-
Ous possibilities in this chapter, and some of the interactions between phona-
fon type and manner that are commeonly observed among laterals. Lateral
dlicks will be discussed in chapter 8, together with other clicks.
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Variations in phonation fype

Lateral articulations can have different types of phonation, in that they may be
voiced, volceless, breathy voiced, or laryngealized. As we noted earlier, most
lateral approximant segments are voiced, but voiceless lateral approximants
ceenr a5 confrasitve segments in languages such as Burmese, Tibetan,
Kamath, Jaat, Kuy and some dialects of Irish. We know of few languages in
which votceless lateral approximants contrast with their volced counterparts
at other than the dental or alveclar places of articulation, but Toda has voiced
and voiceless sub-apical palatal (retroflex) laterals. Examples of these Toda
laterals are given in table 6.7. A voiceless apical post-alveolar (retroflex) fateral
occurs in Fead {Qzanne-Rivierre 1976, Maddiesar and Anderson 1994}, con-
frasting with its voiced counterpart, and with a pair of voiced and voiceless
dental laterals. As seems 10 be the usual pattern for languages with voiceless
iateral approximants, there are also voiceless nasals in Jaal, but this patlern
does not hold true for Toda,

In some instances, linguists have chosen to regard voiceless lateral
approximants as phionemically composed of either 1 + b, as in Parnell’s (1965}
analysis of Mien {(Yao), or of h + L, as Smith (1968) doss for Sedang, but we
believe these segments are in no way distinct from other voiceiess lateral
approximants. (We do not rule out the occurrence of clustersof h + for I+ b,
but simply note that transeriptons such as hi, Ih are often equivalent to 1).

In the case of a substantial number of sther larguages the available descrin-
Hons do not specify if the voiceless laterals ocouring in themn are approximant
or fricative in nature. Perhaps this is because there is a widespread tradition of
regarding ail voiceless laterals as fricatives, with turbulence necessarily result-
ing from the air passing through the lateral aperture {cf. Pike 1943). However,
we draw a distinction between voiceless laterals that are articulated with an
aperture comparable in area to that of voiced lateral approximants and those
praduced with a more constricted aperture, comparable to that of other frica-
tives. We will discuss lateral fricatives more fully below; at this point we
would only like to point out that voiceless lateral approximants are distin
gudshable acousticaily from voiceless lateral fricatives in a number of different
ways, Maddieson and Emmorey (1983) compared Burmese and Tibetan
which have voiceless lateral approximants, with Navajo and Zain, which have
voiceless lateral fricatives. Their measures showed that the voiceless

Trble 6.7 Words dlustrafing contrasting faterais In Toda

AlvEnLaz RerRee kX
WOl T Ess ka] “study’ pal, “vailey’
VIR kal bead pal Tangle
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Fignre5.10 Waveforrs diustraking differences between a voiceless lateral ficative In the Zula sylia-
ple fa and A volceless lateraf approximant in the Burmess syllsble 1a. The lower amplitude and t;e:
snflcpaton of the veicing in the approximant ase appa.rentj ’ '

Tabiie 6.8 Levoidng and Frication of Sral laterals in Melps

Toadlal mesraL ARBCAL ALVECLAR WVELAR
BErsAL kialtim dngernair lola  speakimproperly” pata  “lence
Firial vl “knitzed bag” bay  aprom raL Cewe

approximants typically have a lower amplitude of noise, a greater tendency to
anticipate the voicing of a following vowel, and a concentration of energy
iower1n the specirum than veiceless fricative laterals do. Waveforms of tsken:;
from Burmese and Zulu illustrating some of these differsnces are giverin fig-
ure 6.10. The distinction between Burmese ar:d Tibetan as opposed to .Nava'go
and Zulu is quite clear, but in other cases it is difficult to decide wh?ther}a
V?£ICE1€SS lateral should be described as an approximant or a fricative. T.ajshan
C:?mese, which was also induded in Maddieson and Emmaorey's study is.usu‘
aliy described as having a voiceless dental lateral fricative, which varie; with a
g@piral dental fricative, 8. The measurements showed tat the iateral va':iaﬂ‘ in
this Janguage was intermediate between the clearer cases, N
Iatﬁ’e\r’; do not i'mciw of a lfaz_i.gurage wit%‘t axmmimal contrast behween voiceless

rat approximant and fricative but both types can appear in the same lan-
Buage. FHupa (Goila 1970} has the allophone § after b in the word i ah "fmg-’ as
wielt as' the fricative 4, eg in mi#F ‘wher'. It is not unusual fr;r lateral
EPproNImanss to become substantially devoiced in clusters with voiceless sog-
dment§, oz i final posizion. All three lateral segments in Melpa and Minagﬁi'
, f :;;{:e :Erj final pcssﬁjon, EL vmtec{i inthe Melpa examples given in table 6.8, but
1étera1$§ﬁ::§::fes the resuits of this devoicing process are best descrived as
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Figmrs £.11 Spectrogrars of the Mongna Salish word ppil {inna namrow anscripton {pfpii?l]) pint’,

Tebie 5.9 Words ilustrating contrasing alvectar Jaterals in indial pusition in Montana Salish

VO BLESS FRICATIVE i4q falf “sit downd’
VOICED APPROKIMANT g’ ‘sweathath’
LLARYNGEALIZED: AFPRONIMANT ilaty ‘red raspberny’
TIECTIVE AFFRICATE ag’ ‘hot'

Voiced laryngealized lateral continuants occur in several languages, such as
Tiddim Chin, Nez Perce, Chemehuevi, Haida, Sedang, Klamath. These last
two languages have a three-way contrast of voice gquality in laterals, having
voiced, voiceless and voiced laryngealized lateral approximants. Montana
Salish has modally voiced and laryngealized voiced lateral approximants, as
well as laterals of other types. Examples from Montana Salish are given in table
6.9, which also illustrates the lateral ejective which we will discuss later. A
laryngealized lateral from Columbian Salish was iliustrated in figare 4.5,

In Montana Salish, the lateral approximants, including the laryngealized
laterals, tend to be prestopped, and to become deveiced in final position and
before voiceless consonants. Thus, as shown in figure 6.11, 2 laryngealized lat-
eral, which, phonclogically, is the final consonant in the word, may be pro-
duced as a creaky voiced vowel, followed by a brief sfop, a creaky lateral, and
finally & voiceless lateral approximant.

This prestopping can alsc occur in Montana Salish when there is & sequence
of identical laterals, as in the example in figure 6.12, which shows the sequence
of consonants in the middie of the word p'aliitf’tf "turned over'. Note that
these laterals are produced with a considerable amount of (non-distinctive)
frication, indicating that the lateral escape channel is very nazzow. In the nar-
row trarscription in figure 6.132, the symbol & has been used. The Frst of these

Laterals 201

3500 -
000 -
OG-
1500+
103 e

L) d -
P etk ki
G 100 204 300 400 500 ms

Figure rf,lz 'I‘ht;: siguence of lateral consanants in the first partof the Montana Salish word pralligfsy
‘urned over”. In the narrow transcring ¢ L .
caised & anscription beneath the spectrogram: the prestopping is indicated bya

fwo laterals has a stop closure preceding it, and 2 burst as this closure is re-
leased, similar to that seen in figure 6.11. The second lateral does not have a
similar closure interval, but there is a transient in the spectrum, closely resern-
b‘hng tha?ﬁ;ﬁmduced by the release of a stop. It is much sémnge; than ihe T
sient produced at the onset of the following vowel by the release of the cen;g
closure of the tongue. Exactly how this transient is produced is not clear to
us at the moment, but it must involve a very brief obstruction of the .”a’fe al
escape charnel. This would be facilitated by the fact that the chanmel is aireafi
consricted so that only a small movement is required, Furthermore thz
constricted a%rﬂaw will result in an elevated intra-oral air Pressure, com r?s.reci
fean approximant production. A very brief closure would thereforre ir_;m}zmnd
pressure immediately. Such discontinaities indicate that, in these cases af leass
the sequences consist of two separate consonants rather than long censonant;
alsir;zixgbvoz i:i laterals occur in a‘z_u:zmber of languages, nota&y those that
aeo! : reatiy voiced ‘stops. 'I'I.LI_‘L{il is often considered to have a phonemic
@ irast o piam and breathy voiced lateral approximants, though Ohala (1983)
wsgcgezs tzsl t}:ia;; saic;iul d bp; regard ec:% as a sequence th principally because br‘eathy
poe aith;iu o znasa:;svgre ii;mted to medial position. Dixit {1975) showed
ra [ottgj ocaf o wbra’uon. confinues throughout this segment, there is
e %5 formoienmg gesture, This gesture starts after the oral closure for the
e s for: ed, an gea}fs some 40 ms affer the release, In broad terms, this
. ive t;mllng' pattern is similar to that seen for breathy voiced consonants of
me‘lﬁ;‘ gg:});; gz 12tjenrocalic pas}ﬁozz, hence we consider | a genuine lexical vseg:
o indi. thm‘zgh they have not been studied in such detail in any other
Suage, breathy voiced laterals occur in several other Indo-Aryan languages
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and in several languages in the Wu and Yue groups of Chinese dialects, for
example in Rongxian {Tsujl 1980).

Varigtions i1 Stricture

Although laterals ate most often approximant, they can also ccear with other
types of stricture. We have had some discussion of laterel fricafives in a pre-
ceding section. In addition to the production of laterals with frication as
allophonic variants, as in the Melpa and Montana Sehish cases mentioned
there, conirastive lateral fricetives pecur at a variety of places and with differ.
ent phonation tvpes. They are most frequenfly voiceless. In addition to the oc-
currence of lateral fricatives alone, a stop closure can be released inio a
homorganic lateral fricative, with the combination being considered to form a
tateral affricate under the same kind of conditions that would lead 10 a deci-
sion to consider a stop released into a central fricative to be an affricate. In the
africates the stopped portion of the segment is not itself lateral {it couid not be
a stop otherwise); but the stop is released by lowering some portion of the
sides of the tongue, rather than the center. Like lateral fricatives, lateral affric-
ates are more commonly voiceless than voiced, and are frequently eective,
Because ‘hese classes of sounds are closely related, we will discuss them fo-
gether,

A stop clostre can also be combined with an approximant lateral. Such com-
binatiors usuaily involve what we would consider a sequence of spunds, asin
English words such as melt, weld, puddle, shuttie. Clusters consisting of
homorganic approximant laterals and stops in eiher order occur widely it the
world's languages. Because the articulatory adjustment required o pass from
a lateral to a homaorganic stop oF vice-versa is a minimal one, these sequences
can be ciosely bound together at the level of articulatory organization. A spe-
cial term, lateral plosion, is used to describe the release of a plosive directly
info a lateral by lewering one or both sides of the fongue. Ina smali number of
languages presiopped laterals have been analyzed as anis. In Arabana and
Wangganuru (Hercus 1573) dl and d oecur as atlophones of the {laminal) den-
tal and apical atveolar lateral approximants. These variants occur in word-mme-
dial positions after the initial stressed syllable In words which begin with &
consonant. Although the distributional pattern of these elements may justify
fheir treatment as single swnits from the phonological peint of view, we know of
no evidence in this case that they are phonetically distinct from stop + lateral
clusters. We have noted above the allophonic prestopping of laterals in Mon-
tana Salish, where there ave special phonetic characteristics to observe. We are
not aware of any languages for which it lias been proposed that a ateral + siop
sequence should be anglyzed as a single segment, 12 as a ‘prelateralized stop’
parallel to the prenasalized stops discussed in chapter 4.

Latersis can also be flaps or taps. We will illustrate these at the end of this
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section. We do not know of any segment that we would cail a lateral till: and
of course latleral nasais are a confradiction in terms in that there cannot be a
Iaiﬂ?al oral air escape and szmultan‘eousiy no oral escape. A nasalized lateral is,
kowever, occasionally encountered, and examples were given in chapter 4.

Lateral fricatives and affricotes

Perhaps the best-known example of a language with a latera!l fricative is
welsh. This segmeni. a voiceless alveolar lateral fricative, alternates with &
voiced alveolar lateral approximant under specific morphelogical conditions
bat because of loanwords the two segments now contrast. A voiceless
appro?aman? occurs in clusters after an initial voiceless stop. Examples a‘re
given in table 6.10. Bail and Mitller {1992} provide measuremenis on ¢ and 1 for
itwo speakers of Welsh. In initial and medial positions § is about fwice as lon
as | and has no anficipatory voicing. The fricative + has a higher second for?rangt
than 1 and considerable noise concentrated in the frequency range between
about 3000 and 7000 Hz )

L‘a*ter‘ai fricatives vecurring at different places of articulation occuy in Bura
which: is unusual in having & confrast between voiceless lateral fricatives ag
two p}aces of articulation, apical alveolar and palatal. We will use the svmbol
£for the voiceless palatal lateral fricative, There is also a voiced apical alveolar
lateral fricative, and an alveolar lateral of the more usual voiced apmmximan;
type. Spectrograms of these four sounds are given i figure 615

H‘offnjan (1957} and Ladefoged {1968) give exasmples of an additional latera
a voiced pall.atal lateral approximant, making Bura a language with f'lve‘la?era;
segments. The two veiceless lateral fricatives differ in that the main noise ;ton»
centration in the palatal is centered in a higher frequency region than it i; in the
alveclar. A similar distinction is found between the apical alveoiar and laminal
Post—zjéveo%ar voiceless lateral fricatives of Diegusfio. A voiced E.ate;;ai segm:em
described by Shafeev (1964) as a “prepalatal fricative’ ocours in Fashio I:hié
wouid appear to be the voiced counterpart of the Dieguefic segment. As ;mtect
ﬁbove, the Taishan dialect of Chinese has a voiceless apical dental lateral frica-
tve, which for many speakers can varv with a central dental ‘fzécative )

G§>wda {1372} describes a voiced apical‘z:c;st-alveoiaz tateral fricative in ’Ac;
(Naga). We have not heard this sound bs.;é the description seems guite clear.

il A -
Teple .10 Words diusteating laterais in Weish Zfrom Thomas 195
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Figure £.13 Spectrograms of four laterals in Buza. The words are la "build’, fa ‘cow’, gab™s ‘beat’ and
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We therefore know, so far, of dentzl, alveclar, post-alveolar (apical and : = :
laminal) and palatal piaces of arficulation for lateral fricatives. ’
We can exemplify contrasts between lateral approximants, fricatives and af-
fricates from Zula. Words illustrating six conlrasting types of laterals in this
lamgmage are given in ieble 6.11 5o that all the eccurring lateral consonant

n ot al 1T
G7TEE Iom 3an £h0 30 530 WHAGD 000 Tomen

Figure 8,14 Spectrograms of Zutu lateral approsdrmants, fricatives and affricates,

types of Zulu are represented, lateral clicks are also included in this table, but Table 6.1 Words illustrating lateral consonart types in Zulu
farther discussion of these is postponed unti! chapter 8.

There are seven different laterals iliustrated in table 6.11, but the Zulu alveo- Veicstess Vo
lar Jateral aflricate occurs only as an allophone of the voiceless lateral fricagive : AUVEDL AR APTROXIMANT 1l e down'
{ after a nasal. Spectrograms Hlusirating the five lateral sounds 4 #, Bl ki.’ ALYEOUAS FRUCATIVE @1 “cut off Rala  nlay
spoken by a male speaker of Zulu are given in figare 6.14. For some speakers ALVEDLAK AFERITATE inflantla “good fortune’ .
the alveolar affricate may be produced as an ejective, but the token we show is YELaR BECTHVE SFFRICATE i i “push in between’

pulmonic. For this speaker the spectrim of  appears 1o have less energy in the AWEGLAR CLiCK kfékla  nerrate glaly “smide
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Tabie 6.72 Non-geminaste fateral segmenis in Archl (from Kodzasov 1977}

PLan LARALIZED
VOICELESS PRE-VELAR AFFRICATE hean ‘hote’ ke ¥ijte ‘seventeen”
PRE-VELAR FECTIVE AFSRICATE klsfai Tarnh kxg“’as ‘o iurder’
VeICELESS PRE-VELAR ERECATIVE Lok “sheath” Laili Clarge raviee’
VEACHD PRE-VELAR FRICATIVE ‘(‘ia];.d or “heome”
U CHCED APICAL APPRORIMANT fap® ‘wiuch, very’

region below 2060 Hz than cccurs in the fricative portioh of k1. The voiced
fricative B has a noise spectrum similar to that of its voiceless counterpart; it
has a considerably lower amplitude of voleing than the voiced approximant i
and lacks any strong low frequency resonance that might be labeled the first
formant. Thus, the large number of laterals in Zalu are clearly differentiated
from each other.

The velar lateral ejeciive alfricate illustrated in Hgure 614 is an unusual
sound. In Ladefoged (1871} this segment was described as a palatal lateral
ejective affricate {on the grounds that velar laterals were net believed to be
possible speech sounds), However, there seems no reason to doubt that both
components of this affricate are really velar in place of arficulation, and we
have described it this way in fable 6.11 above. As Doke {1926} sbserved, when
& homorganic nasal precedes this slement that nasal is y. We add that when a
vowel precedes, the auditory impression is clearly of a velar closure. The frica-
tive component of this affricate is auditorily reminiscent of the velar fricative x
but is lateral. Hence our choice o franscribe this affricate as k', using the rais-
ing diacrific to indicate that the voiceless velar lateral 1 is fricative in these
circumstances.

Zualu s not unique In having this type of exotic lateral. A set of several velar,
or more precisely pre-velar, laterals of different types are reported fo occur in
Azchi. These are all fricatives or affricates. Archi also has a Coronal latersl
approximant of the more usual type, described as being apical. Exampies from
Kodzasov (1977} are given in table .12, (From the distribution of the pre-velar
iateral fricatives it seems very likely that the voicing in these fricatives is
allophonic, although Kodzasov reports voiced and voiceless pre-velar lateral
fricatives ag being separate phonemes.)

We have heard recordings of these sounds but have not chserved their pro-
duction. Kodzasov gives the following description:

It the preduction of lateral fricated sounds the tip of the tongue s passively low-
erad to the lower teeth while the body of the tonpue is raised to the palate, form-
ing an extended obstruction covering both the velar and palatal reglons. . .. In
their articiafion and auditory quality the Azchi laterals are similar to palatalized
velars (Archi speakers perceive Russian soft x as a lateral fricative} (pp. 225-6, our
transtation).
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Figure .13 Spectrograms Hliustrating the voiced velar lateral Frivative of Archi in he word napdut
‘tlue’ as produced by two rmale speakers. The second speakeris an adolescent; frication of the lateral
iz even stronger in his speech than in that of the aduit male.

Tablzr 6.13 Words fluskating contrasts among laterals in Thingit

Y olCELESS FRICATIVE faa ‘el

EiECTIvE FRCATIVE $'3a “stuck’

Voncersss aprricats thaa "be big’

VOCED AFFRICATE dizaz “settle {of sediment)’
Elscmive AFFRICATE aak’ e wst

According to Kodzasov's description the closure for these sounds is more for-
ward than that for the Zulu affricate. The auditory impression is of very sirong
frieation. As may be seen in the spectrograms shown in figure 6.15, the reso-
nance of the second formant is relatively high in frequency and guite close to
that of the third formant. Both have strong amplitude. A non-ejective velar
lateral affricate may also oecur in Axhaday (Stell 1972) but the description is
somewhat unclear.
' The most cormon lateral sound made with a glottalic airstream mechanism
15 an gjective affricate; efective lateral fricatives are less frequent but do ocour
in a number of languages. Contrasts between voiceless pulmonic lateral frica-
tives and ejective lateral fricatives have been reported, but only in a few lan-
guages of North America, for example in Tlingit. This language is unusual in
that it has laterals of five distinct fypes but none of them is a voiced lateral
approximant of the commeon type. The examples of verb stems in table .13
from Story and Naish (1973) illustrate the conirasts between laterals in Tlingit.
Place of articulation is not clearly indicated in the scurces we have seen but is
fairly certainly alveclar.

Navajo alsc has five contrasting alveolar laterals. It does mot have the
gective fricative reported for Tiingit, but it has segments similar to the other
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Figure4.16 Navajovoiceless aspitated lateral affricate 8" In nig™if nitlish ‘it has arrived’ and the elective
lateral affricate t' in pith k¥ bl sl ‘his snake’.

four Tiingit laterals plus the more usual alveolar lateral approximant | (Sapir
and Hoger 1967). In Navaio the voiceless lateral affricate has a long period of
frication which McDonough and Ladefoged (1993) considered 0 be equivalent
to aspiration. Figure 6.16 shows the contrast between this pulmonic aspirated
lateral affricate and the ejective lateral affricate. There is a long fricative por
tion in the aspirated lateral affricate t, with only a very small interval for the
aspiration. (Both the increase in length of the fricative and the small interval
for the aspiration are similar fo those in the other aspirated affricates in
Navaje.) The ejective laferal affricate has & noticeable bat short fricative pe-
rind, as the source of frication is necessarily supraglottal. The duration of the
frication is governed by the amount of air trapped above the glottls; it would
be physiologically impossible to make i as long as in the pulmonic affricate in
the upper part of the figure. In the Navalo lateral ejectives we have recorded,
the glottal closure is often released and then re-made. This produces a spike on
the gpectrograrm, as just to the left of the ['] symbol in figure 6.16. There is then
a short interval in which there is 2 glottal stop, which is finally released as the
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Figure £.17 Palatograms, linguograms and inferred sagittal view ofthe lateral sjsctive affricate in the
waord "bone’ mit’a as spoken by two male Hadza speskers. The position of the tongue body Is shown
by a dashed line for speaker | as the moutk was notopen sufficlently and the extent of contact cannat
be seen (from Sands, Maddieson and Ladefoged 1993).

voicing in the vowel begins. For some speakers this interval was fitled with
two or three pulses of a creaky voice phonation.

The third lateral affricate in Navajo, franscribed df here, is often only
weakly fricated. The stop closure is usually voiceless and only about 40 ms of
the following lateral is voiceless. This is similar to the voice onset time meas-
ured after unaspirated velar stops (McDonough and Ladefoged 1993: 154), The
remainder of the lateral is voiced and approximant. The segment might well
therefore be transcribed dl {or dl). The length of the approximant lateral seg-
ment in dl pronunciations of this unaspirated lateral ‘affricate’ in Navajo is
similar t¢ that of the lateral segment | occurring alone.

We have 50 far noted lateral affricates at alveolar and velar places. Lateral
ejective afiricates that are best described as palatai or palato-alveolar in place
occur in Iraqw, Sandawe and Hadza. Pelatograms and Hnguograms of two
Hadza speakers are shown in figure 6.17. Speaker 1 shows a broad contact
over the post-alveclar and palatal regions in the palatogram, with the tongue
contact area extending from the back of the tongue blade to the tongue front.
Speaker 2 has a narrower contact which is better described as Jaminal post
alveolar,

We thus see that the world’s languages use a wide range of lateral segments
in which there is a more constricted aperture than that found in the common
lateral approximant sounds. In a number of Janguages lateral fricatives vary
with lateral affricates, and the affricates sometimes vary between ejective and
pulmonic pronunciations (as in Zulu), showing that these various fypes of con-
stricted laterals have close interrelationships. Nonetheless, i is possible to find
languages which clearly show their contrastivity.
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Figure 6,18 Spectrograms of the KiChaka words B o lie dewn”, #ia “io eal’, Bifa ‘to ory’ and idaa ‘o
dress onesell” iliustrating major allophones of approximant §and the lateral flap 4. The speaker is
fenale.

Lateral flaps and faps

The final type of laterals that we must consider are those made with very rapid
gestures, that is, lateral flaps and taps (the difference between these two types
of articulation will be discussed in the next chapter, and we will not consider
their distinction here). We have recorded lateral flaps in several languages.
For example, one ocours in KiChaka in contrast with what seems to be only
one other lateral phoneme, albeit one which has rather varied allophones. In
addition to the apical aiveolar lateral flap J, the KiVunjo dialect of KiChaka
has a lateral approximant which is most typically laminal dental. In most
vowel contexts this has a rather low F2 suggesting possibly some velarization,
but before i it becomes a palato-alveolar or palatal Jateral with a considerably
higher F2. Before | a laminal alveolar lateral with some palatalization oceurs. The
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Figure 619 Velar laZeral taps in the Melpa word pata ferice’ and the Kanite word kava “dog’. Both
speakers are mmake,

KiChaka apical alveclar lateral flap I also varies acoustically depending on
segmental context, but less than | does. The three major allophones of 1 and the
flap 1 are shown in the spectrograms in fgure 5.18. Note the lowering of the
second formant throughout the initial i in ilaa, compared to the more {ocalized
lowering before 1.

Elugbe (1978} suggests that alveoiar lateral taps oocur in Ghotuo and Abua
{as well as a number of other Nigerian languages for which he has only second-
ary data}). In these languages there is a contrast between an alveclar lateral
approximant of normal duration, and an aftvectar lateral of brief duration that
forms part of a series of lenis consonants in the phonological stracture of these
larsguages. Elugbe states that the formant frequencies of both the laterals are
the same; owever, in the one published pair of spectrograms in his article this
dees not seem to be the case. In particular, F2 seems lower in the brief fateral
than it is in the longer one. We are therefore not sure if the two articulatory
gestures are the same in the location of their target.

We also have seen and heard producfion of an apical post-alveclar Jateral
flap In "Uodham, and Balasubramanian (1972 demonstrates that the non-
geminate sublaminal lateral in Tamil is usually produced as a flap. Lateral
fiaps thus probably occur at all the places which have apical or sublaminal
arficulatons. In additon, the intervocalic velar laterals that cccur in Kanite
and Melpa can be very brief and hence could be described as taps. We have
used the same symbol for these as for velar approximant laterals. The
specirograms in figure 6.19 indicate that the articulatory closure lasted only
-3¢ ms. Observation: of the articulations as the speakers pronounced these
words showed that the same narrowing of the tongue occurred in the velar
region as in the vase of the Mid-Waghi velar laterals discussed in section 6.1
above.
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6.4 The Feature Description of Laterals

Table 6.14 complements table 6.3 by listing languages which exemplify con-
trasts among the manners of articulation in jaterals. The table does not include
all of the types of laterals that we have discussed, omitting particularty differ
ences of phonation apart from the simple contrast of voicing. We believe that
the majority of the missing confrasts in this table are accidental. For example
we have not listed a language exemplifying the contrast between voiced lateral
fricatives and ejective lateral fricatives, but voiced and ejective central Frica-
tives da contrast so we see no reason that such a conirast should not also ap-
pear among laterals. The only gap we believe is non-accidental is the contrast
between voiceless lateral fricatives and voiceless lateral approximants, which
we have marked with asterisks. All of the languages mentioned in this table
have been discussed earlier in this chapter.

Table 6.13 combines information from tables 6.3 and 6.14 and adds further
examples of languages with laterals at different places of articulation. The
places at which lateral flaps can occur are Hemited, But apart from this restric-
tion, we know of no other constraints on the relalions between places and man-
rers among laterals. The table is presented primarily as a summary of the data
we have discussed in this chapter, and the gaps that occur do not indicate the
impossibility of such segments. These tables show that many of the place and
manner properties that distinguish other types of segments also apply to
laterals. We especially note that since lateral segments ccour atf places of articu-
lation that are Coronal or Dorsal in terms of the scheme proposed in chapter 2,

e 5,14 Langunges exemplifying contragdng types of lateral segments

Volsess  Tmonve  Voesn Vacaess Eponve Voo Voiciss Voo
AFFRICATE  AFFUCATE  SRICATIVE  FUCATIVE  SRICATIVE  APIRON.  APFROX.  RLAD

Vowcen Tiingit Thngit Tiingit Tingiz
AFFRICATE
Voucsess Hngit  Amhi Navaje  Archi Archi
AFPRICATE Archi
Epcnive Amchi Nawvajo  Tinglt  Mavaje
AFFRICATE rtitH Archi
VinCED Archi Pz
ERICATIVE Zulu
VenoriEss Tlingie  Navaje o
FRECATIVE Zaulu
Emcmve
FRICATIVE :
Voo Burmese KiChaka
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Vincropag
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Tabte 6.17 Languages exemplifying conlrasting places of artieulation ameng Inleral segments
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it is inappropriate to constrain the feature Lateral so that lateral segments aze
limited to the Coronal region alene, Laterals are not necessarity Coronal.

Phonetic feature inventories traditionally include a feature Lateral. At first
glance it seems as if this feature is one which unambiguously has anly binary
vaiues. An articulation is either lateral or not Mowever, the siluation with
Jaterals is not the same as that with nasals, where we argued that a single bi-
nary feature gave an appropriate phonetic classification for the position of the
velum, Whereas we know of no linguistic conrast among nasals based on
varying degrees of width of the velic opening, there are important differences
among laterals based on the size of the lateral escape aperture. Laterals can be
either approximant or fricative. Although this distinction often correlates with
voicing — approximmands being voiced and fricatives being voiceless — it cannot
be predicted from it since voiced and voiceless fricative laterals conbrast, as do
voiced and voiceless approximant laterals. Hence degree of swicture -
approximant or fricative — must be specified with respect to the lateral aper
ture. The location of this aperture, except perhaps for velar laterals, is at a dif-
ferent position on the upper surface of the vocal fract from that for the mand-
mal constriction, which is traditionally recognized as the place of articulation
for the lateral. The manner specification describing the lateral aperure thus
does not apply to the action at the articalatory target region which defines the
place of the lateral segment.

Moreover, as we noted above, it is not necessarily true that laterals are pro-
duced with a central cantact, nor is it appropriate to Hmit the term lateral to
approximants and fricatives. Hence, {0 describe phonetic detadl, including im-
portant aliophonic variation in some languages, the type of central stricture
also needs to be specified. In a sense, then, we are arguing that laterals are
segments with fwo articudations. One governs the location and type of stricture
of the central articulation and the other govems the ioccation and size of the
lateral aperture. Admittedly, there are probably few instances where advan-
tage is taken of the degrees of freedom implied by recognizing two articule-
tions. Lateral fricatives (and the fricative phase of lateral affricates) will nor-
mally be produced with a central closure since this will facliitate narrowing of
the lateral escape aperture. Most research indicates that lateral approximanis
alse usually have a central dosure. Nonetheless we need to be able to provide a
description of {at least) lateral approximants with and without ceniral closure
and laterals with a ceniral closure with and without a fricative escape. In con-
sidering the production of laterals, it is important to bear in mind that the place
of articulation for a lateral and its degree of stricture result from two separafe
articulatory componenis.

7.1 Rhotics

This chapter describes the class of spunds that are sometimes labeled ‘thotics’,
or more informally, ‘ssounds’. Most of the aditional classes referred to in
phonetic theory are defined by an articulatory or auditory property of the
sounds, but the teyms rhotic and r-sound are largely based on the fact that
these sounds tend to be written with a particular character in orthographic
systems derived from the Greco-Roman tradition, namely the letter 'Y o7 ifs
Greek counterpart rho. The International Phonetic Alphabet provides a wide
selection of symbols based on plain, rotated, turned or otherwise modified
lower-case and capital versions of the letier v, including £, 1, &, [, 4 & 8, L
Brief definitions of the sounds represented by these symbols are given in table
71

The most prototypical members of the class of thotics are trills made with
the tip or blade of the tongue (IPA r). These central members of the class show
phonological relationships to the heterogeneous set of faps, fricatives and
approximants which form the remainder of the dlass. In addition to fongue tip
and blade articnlations, trilis and other contnuants made &t the uvular place
are also classed as rhotics. (As we noted in chapter 4, bilabial trills also occar
but they are not part of the class of rhotics.) It is not therefore the manner of
articulation that defines this group of sounds. Neither is there a particular
piace involved, as both Coronal and Dorsal articulations are included. Conse-
quently ar issue for ploneticians is whether the dass membership is based
only on synchrondc and diachronic relationships between the members of the
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Table 7.1 Symbals for some thotic consonants

RN SYMEQL

WOICED DENTAL OR ALVECLAR TRAL

W CICER: EMTAL O ALVEDLAR TaP OR FLak
WHCED DENTAL OR ALVEQLAR APPROIMANT
WVOlCE PO t- AL VEDLAR PLAT

WOICED PORT-ALVECLAR APPROXE ANT
VIACED UV AR TRILL

WOICED LVUL Al ATPROXIMANT

YV OICED DENTAL OR ALVEDLAR LATERAL FLAP

Lo B

class, or whether there is indeed a phonetic similarity between all rhotics that
has hitherto been missed. This similarity might be auditory or acoustic, rather
than articulatory. The issue has been particularly discussed by Lindau (1983,
and the following account will draw quite heavily on the data and ideas in that
paper, as well as further materials collected by Incuye (19914, b).
Phonelogically, rhotics tend to behave in similar ways. In particuiar, rhotics
often occupy privileged places in the syllable structure of different languages.
They are not uncomanonly the only consonants allowed as second members of
clusters in the sylleble anset, or as first members of clusters m coda position,
Mozre generally, we may say that in languages with consonant clhasters, rhotics
tend to occur close to the syllable nucleus (Lindan 1985}, Frequently they share
this privileged position with lateral approximants, and/or nasals. The affinity
between rhotics and vowels is apparent in a mumber of other ways as well
Rhotics are quite likely to have syllabic variants, or to merge in various ways
with contigucus vowels. Such processes, operating diachronically, are a par-
teularly fertile source of phonetic differences between dialects of the same ian-
guage. Hence the familar division of varieties of English into ‘rhotic” and non-
rhotic’ types, depending on whether or not historic posivocalic /¢/’'s in pre-
pausal and preconsonantal positions are retained in promunciation. Somewhat
parallel variations cccur :in other Germenic languages, including German,
Danish, and Swedish. Further evidence of the rhotic-vowel affinity is the fact
that vowels before /1/'s tend to lengthen, as in Swedish, and to be ‘colozed
In their quality by the following /r/. Acoustic modifications of vowels before
/1/’s are known from French and Danish with their uvular r-sounds, as well
as in Standard Swedish with ifs apical r-sound. Most important as evidence
that they belong in a single class, at least from a phonologicel point of view,
15 the fact that rhotics of cne type often alternate with other thotics. In Fars:,
/1/, which is = trill in initial position, has a {ap allophone in intervocalic posi-
tion and a voiceless bill veriant in word-final position. In Fuia, /1/ is realized
as an approximant I before a consonant, as a trill elsewhere. In Palavan /¢/
15 genevally a fap in intervocalic and postvocalic environments but an
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approxdmant in indtlal position; the contrasting orthographic “rt’ is most com-
menly an approximant with some frication, but ity range of vanation encom-
sasses trills (Inouye 1997b)

* Thas, the rhotics form a heterogeneous group from the pheretic point of
view, exhibiting a wide variety of manners and places of articulation. We find
rhotics that are fricatives, trills, taps, approximants, and even ‘r-calored’ vow-
¢ls, as well as articulations that combine features of several of these rategories.
The most comimen places of asticulation are in the dental-alveolar ares, al-
though post-alveolar {retroflex} /r/’s are not unuscal, and in seme languages
/rf’s have a uvalar articulation. We will define and illustrate the range of
these types, paying pardeular attention to the pogsibilities that seem to ccour
contrastively. Fallowing this discussion, we will refurn to the guestion of
whether an auditory or acoustic property can be held fo unify the varicus dis-
parate members of the group.

Fellowirg conventional notiens of the membership of the class as being pri-
marily those sounds that are written with some variant of the letter ¢, it is
apparent that rthotics are guite common in the languages of the woerld. About
75 percent of all langnages contain some form of an /r/ phoneme (Maddieson
1984a). These languages mostly have a single /r/, and it 1s most commoniy
some form of frill, but 18 percent of langtiages with /1/'s contrast two or thres
thetics. Languages with multipie rhotics are especiaily commen in the Austral-
ian language family.

7.2 Trills

The primary characteristic of a frill Is that it is the vibration: of one speech or
gan againsi another, drven by the aerodynamic conditions. One of the soft
moveable parts of the vocal tract is placed close enough to anather surface, so
that when a current of air of the xight strength passes through the aperture
created by this configuration, a repeating pattern of clesing and opening of
the flow channel occurs. This movemernt has been modeled by McGowan
{(1992). In Hs essentials this is very similar to the vibration of the vocal folds
during voicing; in both cases there is no muscular action that controls each
single vibration, but a sufficlently narrow aperture must be created and an
adeguate airflow through the aperture must occur. The aperture size and air-
flow must fall within critical limits for trilling to occur, and quite smali devia-
tions mean that it will fail. As a result, trills fend $o vary with non-trilled pro-
nunciations. 5o with trills, as with voicing, there is a potential conilict between
an acoustic definition {more than one period of actual vibration) and an articu-
latory definition (positioning of the articalators in a configuration such that,
given the right aerodyramic condifions, vibration would oceur). In this chap-
ter we will consider trills to be sounds made with an articaiatory configuration
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Figure 7.1 Specirograms of apical &itls in the Finnish word kauran ‘oats {genitive) and the Russian
word porok fpatrek] threshold’. Both speakers are female.

appropriate for vibration, regardless of whether vibration actuatly occurs. A‘1~
though a vibratory pattern can be sustained for as long as a sufficient airfl oW i§
available, acoustic trills in Hnguistic use usually consist of two to five pericds
{geminate ccourrences may be longer). We have noted that the frst closure ina
trill often has a slightly longer duration than following cnes.

Tritls are uch more easily produced if the vibrating articalator has relatively
small mass, hence the most common trills involve the tongue tip vibrating
against a contact point in the dental/alveclar region, or the uvula V_i‘br-ating
against the back of the tongue. In fact by far the most comumoen type of frill is one
involving the tongue tip. We wili discuss bills of this general type at some
lengfh, using them to illustzate sorne of the general characteristics of trills, before
going on to talk of ones made at other places of ElI'ﬁiCl.}lﬁtiOi’L Figure 7.1 shows
spectrograis of voiced apical trills in Finnish and Russian. Apical trills typicaily
consist of two to three perieds of vibration - these examples both have two —but
may contain only one or have more than three. Fach period consists of a closed
phase during which the articulators are in contact, succeeded by an open phase
in which they are slightly apart. On the spectrograms the closed phases appear
as light areas, as the formant energy Is absent or weak. The open phase between
these two closures, which is vowel-like in its acoustic structure, appears as a
dark area with concentrations of energy in characteristic formant regions. The
closed phases of these trills last on the order of 25 ms each. The epen phas?s
have roughly similar duration, so that each complete cycie occupies about 50
ms. There would thus be sbout 20 of these cycles in a second, and we can say
that these particular trills have a freguency of vibration of about 20 Hz. I:n
Lindau's study, the mean rate of vibration for apical frills produced by a total of
25 speakers of Edo, Degema, Ghotuo, Kalabari, Bume, Spanish, and Standard
Swedish was 25 Hz {(range 15-33 Hz, s.d. 4.5).
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As roted earlier, trills are very sensitive to small variations in the articu-
latory and aerodynamic conditions obtaining during their production. We
will discuss some of the resulting variation in production using illustrative
data from Ifalian. Spectrograms of six words cortaining trills are shown in
figure 7.2. Pronunciations by two female speakers are represented. The top
row illustrates word-initial trills. For speaker A on the ieft, the trili in rana
‘frog’ contains two contacts with an open phase between them, but thers are
two other features to notice. First, the condacts are preceded by a short
approximant or vowel-like sound of about 50 ms duration. Secondly, after
the contacts there is another approximant interval, lasting over 50 ms, with
a similar formant structure to that seen in the open phase. This is part of
the consonant duration, as the tongue does not move away from the consonan-
tal position until it ends. The end of the consonant is indicated by an abrupt
upward transition of the third formant, as well as a significant upward shift
in F1. The approximant phases flanking this trill indicate that the longue
was not consistently held dese enough to the upper surface of the mouth
for trilling to be sustained. Approximant phases at the end of trills occurred
on some occasions in all the languages with trills studied by Lindau (1985).
By contrast, the initial tll in speaker B's pronundiation of rosso ‘red’ containg
five very shoxt closures, including an initial one before phonation begins, and
there is no delay of the transitien: to the vowel following the last closure re-
lease. As a result the total acoustic duration of the initial consonants in these
two words is very similar, although their detailed phenetic structure is quite
different. :

In ltalian, single and geminate forms of most consonants contrast in
intervocalic position (a contrast between stops was ilustrated in chapter 2.
The single/geminate opposition also applies o trills. The second and third
rows of figure 7.2 illustrate these single and geminate intervocalic trills in the
minimal pair karo ‘expensive’ and karro “wagon, cart’. In kare, speaker Ahasa
very short triil consisting of only one contact and no other COMpOnents,
speaker B shows one clear contact followed by a less complete occlusion with
frication. The gemirate trills in karro show multiple contacts followed by one
or more pericds in which the articulatory closure is not completed but the
artieuiator is still oscillating sufficienily to produce a diminution of the ampli-
tude. For speaker A the trifl consists of three elosures, a parital ocelusion dur-
ing which formant structure remains visible, and an extended approxdmant
articulation, indicated by the low ampiitude and the low frequency of the third
formant. The end of the consonant can be recognized by the poidt at which the
third formant begins 1o rise. Its total duzation is about 200 ms. (The end of the
final vowel is strongly laryngealized, giving a visual impression of another tril
in the spectrogram.) For speaker B the trill ends as a fricative. There are also
noticeable differences in the formant transitions, which aze particularly appar-
ent in the single trills. Speaker B has a greater increase in F2, and a fowering of
F3, snggesting a more retracted position of the tongue.
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Figuire 7.2 Initial, rredial single and medial geminate ajveolar trills from two speakars of Standard
Iealian. See text for disrussion,
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Variations ¢f the types that we have described in ftatian are alsg apparent in
the trills of other languages, althou gh the single/ geminate distinction adds to
the complexity in the ltalian case. In repetitions of the words karo and karre
from a fotal of five speakers of Standard Halian we tound none of the
smtervocalic single trills to have more than two contacts. The geminate hrills
showed no fewer than three contacts and u4p to seven. The distinction is also
signaled by the Jength of the precedin g vowel, which is much shorter before a
geminate, as in rosso and karro, than before a single consonant, as in rana and
karo.

A farther variant of a voiced #ril}, as Lindau also poirted out, is one in which
vocal fold vibration ceases during one or more of the brief occlusions. This can
sometimes be seen more easily in examinaton of a waveform. Figure 7.3
shows a spectragram of the Finnish word koiran "dog (genitiveY. An expanded
waveform of the portion containing the il is also shown at eight times the
time scale of the spectrogram. This particular trill contains two contacts of the
tongue, indicated by the arrows Hinikdng the waveform and spectrogram. Dur-
ing the first, but not the second, the vocal fold vibration dles away. This ab-
sence of voicng cannot be due to aciive changes in the laryngeal setting. Voic-
ing oceurs during the open phase between the closures, and it is not possible 1o
alternate voluntary movements with sufficient rapidity. Hayes (1984) suggests
that, in Russian, r's that are adjacent to voiceless obstruents regularly show
this devoicing in closures, with voiced open intexvals. Although only a small
amount of data is shown, this result might suggest that a slightly more open
glottis throughout the trill is associated with the occurrence of voliceless clo-
sures. The develcing in such cases is Presumably aerodynamically driven, in
that the rapid variations in oral pressure associated with a nill may result in
moments in which the transglottal pressure drop is insufficient to sustain vocal
foid vibrations. However, since the elosures are of such short duration it is
necessary f0 assume that the vocal tract walls are held in a stff position so that
there is very little compliance.

Although apical trills all use the same active articulator, they vary across
speakers and languages in the location of the contact on the upper surface, and
in some languages diffarent places of articulation are contrastive for apical
trills. An x-ray fracing of the apical trill of Peninsular (Tberian) Spardsh in
Quilis and Fernandez {1904 shows a contact just above the gum line of the
upper teeth, which could be labeled pastdental. In Russian, Skalozub {1963)
shows a post-alveclar trill as typical for r, but a dental contact for the palatal-
ized trill ¥ This difference is illustrated by the palatograms in figure 7.4 from
one of the speakers she studied. Variations in the shape of the tongue behind
the forward contact are also apparentin this figure, which shows much greater
lateval contact for the palatalized trill. Skalozub reports that the post-alveolar
frilt had typically 3-4 contacts, whereas 1l often has only one. The raising of the
blade and front of the tongue that is required for the palatalization may make it
more difficult to maintain the aerodynamic conditions for willing. Variation in
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Figure7.3 Specirogram of the Finnish ward keiran dog (gerxiﬁve}' s;pake;s by a female speaker from
Helsinki, with expanded waveform of the apical il showing deveicing of the first dlosure interval.

place of contact can also be inferred from acoustic records. Lower spectral
peaks are likely to indicate more retracted articulations, Lindau noted a differ-
ence of this type between the Chicano Spanish of Los Angeles and other forms
of Spanish from Argentina, Colombia, and Mexico. These display a much
higher third speciral peak than the Chicano Spanish, indicating a more dental
place of articniafion. Lindau suggesis that the low third spectral peak in
Chicane Spanish may be due to influence from English.

Seme Dravidian janguages have more than one tongue ¢ip till. In careful
speech (perhaps influenced by the orthography} some speakers of Malavalam
contrast kar ‘soot’ and kari ‘curry’ by making the first of these words with a
more advanced alveolar fxill, and the second with a more remacted alvenlar
irill, which 15 almost a retroflex sound. Ladefoged, Cochran and Disner (1977}
provide spectrograms of these two trills, showing that the more forward trill
has a higher locus for the second formant (at approximately 1750 Hz in com-

" parison with 1250 Hz). The more retracted fnill has a lower third formant, as is
commonly foand in apical post-alveolar sounds, Other speakers of Malavalam
use an alveolar tap in the first word and an alveolar ili in the second
(Velayudhan 1971, Kumari 1972, Yamuna 1986}, We will discuss this variety of
Malayalam in section 7.6 below. It is perhaps worth noting that bath these
rthotics are phonologically related to stops in Malayalam.

Rhohics 223

Figure 7.4 Palatograms of r and ' in para ‘ime’ and pa'fa “soar, hover {past part.)’ spoken by a
femele speaker of Russian (after Skalorub 1963),

Teble 7.2 Words ustraling contrasting apical oills in Toda

FRONTED ALVEDLAR ALEOLAR RETROFLER
FLa kar ‘border” kay “inice, sap’ kar ‘pen for calves”
elr  ‘tgpicugh’ &r  Cmale bulfale’ me:r  to drive baffals’
Faiamazzn pard ‘to gallop’ kart ‘olangh’ per!  ‘Faneral rice’

Another Dravidian language, Toda, is the only language we know of that
has rhotics at three places of articulation which are all trilled. All three contrast
in postvocalic positions (Spaji¢, Ladefoged and Bhaskararao 1994). Words il-
lustrating these three segments are given in table 7.2.

The words in the first row of table 7.2 are illustrated by the spectrograms o
the left of figure 7.5 and by the palatograms and linguograms in figures 7.6~
7.8. We have recordings of 12 speakers of Toda, togsther with palatographic
and linguographic records of three of them producing these rhotic sounds.
Two of the three speakers clealy produce the word meaning ‘pen for calves’ in
the third column with an apical or even sub-apical retroflex articulation, as
illustrated in figure 7.8. This coltmn in the table has been iabeled accordingly.
The word for ‘fuice’ in the second column is produced with an apical contact
on the front part of the alveolar ridge at the base of the teeth. This cohumn is
therefore labeled ‘afveolar’. In the standard work on Toda phenology
{(Emeneaun 1984}, the il in the first column s described as post-dental. Gur
palatograms may show a slightly more forward contact, hence the label
‘fronted alveolar’ for this column, but there is very littfle visible difference in
the articulatory position of the triils in the first and second columns, as shown
in figures 7.6 and 7.7. However, the acoustic records indicate that this trill has
2 different shape of the tongue behind the contact area.

The spectrograms of the Toda teills on the left of figure 7.5 throw more light
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Figure 7.5 Speetrograms of the trills in six Toda words iHlustrating niardiinal_:betlcs. The &:1;: wﬁr}:}:
are thase in rows one and three of table 7.2, Plain forms are on the lef, palatalized forms on the right.
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on how these two sounds differ. They suggest that the major distinguishing
feature of the first trill in the table iz the effect on the preceding vowel, which is
higher {indicated by the lower first formant) throughout #s duration. One
might have expected this lower F1 to be due 1o a higher tongue position, but
there is little indication of this in the palatogram in figure 7.6. Another possibil-
ity is that this sound is produced with the root of the tongue fronted. We have
somewhat speculatively symbolized this trill with the IPA diacritic for an ad-
vanced torgue root [}, although we do not have any data beyond the
spectrograms to substantiate this interpretation. There is usually an audible
high front vowel-like offglide after this trill and a greater tendency for acoustic
trilling to cease early during ifs production so that it ferminates as an
approximant {often with some fricatior)). This is similar to the variation noted
for the palatalized rhotic in Russian. We therefore regard this as a form of pala-
talized alveolar trill, noting, however, that the sides of the tongue do net make
contact with the hard palate in the way that is charactesistic of a high font
semivowel and typically found in paiataized sounds, including the Russian ri
illustrated in figure 7.4. Emeneau (1984} describes this sound as a denta! flap,
and it may have been so at the time of his fieldwork in the 1930s, but cur video
and acoustic recordings show that & fil} fs the typical pronunciation.

As shown in table 7.2, all three of the Toda rills can alse have distinctive
palataiization, The spectrograms on the right of figure 7.5 show movements of
the formants towards those typical of a high front vowel before sach of the
three patatalized trifls. There is also an offglide with & great deal of energy in
the higher frequencies. In this figure the lowering of the frequencies of the
higher formants before the retroflex trill is also evident.

The other well-known class of trills is that in which it is the uvula rather than
the tongue tip which vibrates. Uvnlar trills occur in some conservative varie-
des of Standard French and Standard German, although most speakers of
these languages use uvular fricatives or approximants rather than frills. We
have also heard uvular trills in Southern Swedish and in some varieties of Ttal.
ian and Russian where the standard form of these languages would have an
apical trill. They are rare outside Western Europe, but do occur at least in
Abkhaz and in some varieties of Ashkenazic Hebraw.

Delattre (1971) showed in x-ray studies of several speakers of French and
German that the uvular f2ills are produced by an initial movement of the
tongue root backwards followed by an upward movement toward the uvala,
which is also moved forward to a position where illing can occur. These
movements can be followed in the series of tracings of successive frames from
x-ray films shown in figere 7.9,

There are vadations in uvelar #ills similar fo those in apical ones.
Spectrograms of the word zas “breed’ spoken by a male speaker of Southermn
Swedish are shown in figure 7.10. In the first repetition of this word, four con-
tacts ocour; in the second there are only two contacts, inchiding an initial one,
butt there is then an approxémant phase before the vowel begins.
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Figure 7.6 Palatogram, lingrogram and reconstructed tongue position of the kil in the Toda word
kar ‘Border of dot®’. The dark mazks on the teeth in this and the foillowing Toda palatograms are
staing, and do not reflect toague cantact

There is a consistent distincton in the spectral domain between wvalar and
apical frills, with the uvular trills showing a much higher third resonance (be-
tween 2500 and 3000 Hz in these examples). There may also be a durationa
difference: in Lindaw’s (1985! data intervocalic wvular trills tended io be longer
than the apical ones, often consisting of four to six periods. s

The uvula might be expected to vibrate somewnat faster than the tip of the
tongue, due to its smaller mass, but we cannet show this to be 50 frns)m the
available data. Although Lindau reports that the mean rate of vibration for
uvalar trills is higher than that for apical txills (her three speakers of Southern
Swedish who consistently produced irills had 2 mean vibration rate of 305
Hz), the range (29-33 He, s.d. 2.5) is contained within the range cbserved for
apical trils reported earlier. Conversely, Ladefoged, Uochran and Disner
(1977} report a mean rate of 26.2 Hz for wvular mills for two speakers (one a
Southern Swedish speaker, the other a speaker of 2 prestige dialect of Italian
with uvular trilis) cémpared with 28.6 Hz fox apical tills (ten_ speakers of di-
verse languages). Trill rates for apical and uvular trills therefore seem i be
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Figure 7.7 Pasatogram, linguogram and reconstructed iongue position of the brill in the Toda word
kar fuice’.

very similar, with any differences perhaps dependent on speaker characteris-
tics rather than on the use of different articulators. To contral for speaker dif-
ferences it would be necessary to examine a language which uses both apical
and pvular trills, although we are not sure that any such language now exists.
Older speakers of Eastern dialects of Qceftan {Coustencble 1945, Bouvier 19763
may still maintaln a contrast between lingnal and uvular trills, deriving from
the Lafin contrast of single vs geminate 's, in words such as gari ‘cured’ vs
gari ‘oak tree’. We do not know of eny articulatory or acousiic measurements
on such speakers’ trills, '

It is interesting to note that the bilabial trill releases of prenasalized StOPS
discussed in chapter 4 have a simitar rate of vibration to other trills, despite the
fact that the lips have a larger mass than either the uvula or the tongue tp.
Ladetoged, Cochran and Disner (1977) report a mean rate of 293 Hz for
prenasalized bilabial triils (five speakers), while Maddieson (1989h) reports a
mean rate of 24.8 Haz (four speakers). The range is thus very similar to that
observed in apical and wvular trills. As the various non-linguistic uses of
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Figure 7.8 Palatogram, linguogran: and reconstricted tengne position of the tilll in the Toda word
kar ‘pen for calves’

bilabial trilis ilusirate, the rate of lip vibration can be varied over a wide range.
In the English-speaking world both the relatively high frequency labial il of
the disrespectful ‘Bronx cheer’ or “raspberry’ and the low frequency trill con-
ventionaily written: "biry’ and indicating shivering cold are farniliar. Frequency
variation is controlled by changing the degree of Hp spreading and the com-
pression of the lips so that differing amounts of the mass of the lips are actually
involved in the vibration. Because bilabial trills in linguistic use are almost al-
ways released into high rounded vowels, as noted in chapter 4, ip widih is
somewhat constricted and the resulting triil rate is intermediate in the poten-
ttal range.

The only regularly occurring irill we know of that is made with the blade of
the tongue is the Crech ‘7. This trill is typically made with the laminal surface
of the tongue against the alveclar ridge. Short (1987) describes this scund as “a
rofled post-alveolar fricative {never the sequence of {r] plus {3] attempted by
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Figure7.§ Frames raced from x-ray filims efGerrman and French intervocalic uvwilar frills (affer Delatere
1571} The second frame in each row; shows retraction of the tongue, and the third frame in each row
shows backwazd moveraent of the tangue root foliowed by iongue body raising and fronting of the
uvila.
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Figure 7,16 Specirograms of wwilar bills inbwo repetitons of ras breed’ spoken by a male Southern
Swedish speaker from Helsingborg,

nen-Czechs .. )7 We agree with his description that it is (often) rolied’, al-
though we would use the term trilled. He is also correct in noting that the
frication is not of the 3 type. But in our observation this sound is usually a
sequential combination of a trill and a fricative. The frication is not like that of
3 {with which this sound contrasts) but has a distinciive whistle-type of rela-
’t.ively narrow-band noise. It is often partially voiceless. Some speakers pro-
Quce just the fricative, without a inll component (this variant will be described
below), but others, perhaps mest, Czech speakers have a il at the beginning,.
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Figure 7.1 A spectrogramn of the Czech word rad fad “order’. The closure phases of each of the tiva
wibrations of the Blade of the tongue are indicaked by anmows.

A spectrogram of the Czech word rad fad ‘order” is shown in figure 7.11. In
this utterance there were two vibrations of the blade of the tongue, which
were themselves fairly fricative, followed by a fricative during which voicng
COMUMENCes.

As we have noted, tongue Hp trills are by far the most common type of &ill,
uvular trills are rarer and bilabial trills have a very restricted distribution. Be-
vond these, it is possible to induce vibratory motions of other vocal organs. For
example, a part of the tongue body may vibrate against the palatal or velar
surface. Palatal and velar vibrations of the tongue body are sporadically pro-
duced, particularly as transitional phenomena in the reiease phase of Dorsal
stops. A “double burst’ 15 seen particudarly often at the release of a velar stop;
this could be said {o be abrief txill, but it never appears to be a required articu-
Iatory target. A good illustration of this kind of velar release is seen in figure
7.2 above, in Speaker B's pronunciation of karre. Other examples can be seen
in the Toda spectrograms in figure 7.5. The sirident vowels of IX88, which will
be discussed in chapter 9, are produced with tnlling of the epiglottis. Trills of
the velum or uvula on an ingressive airstream produce one of the major types
of sounds in snaring.

7.3 Taps and Flaps

Another class of rhotic sounds are those which invariably have a single
short closure. These are called taps and flaps, and are generally apical. Many
linguists, including Lindau (1983), do not make any distinction between
these two terms. Mowever, Ladefoged {1968) has suggested that it is useful to
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Figure 7.72 Specrograms showing baps from a female speaker of Peninsular Spanish and a male
Spanish speakez from Pery in the word karo ‘expensive’.

distinguish between them. The distinction now proposed is that a flap is a
sound in which a brief contact between the articulators is made by moving the
active articulator tangentially to the site of the contact, so that if strikes the
upper surface of the vocal tract in passing; a tap is 2 sound in which a brief
contact between the articulators is made by moving the active articalator di-
rectly towards the roof of the mouth. Both tvpes are usually coronal. Thus
flaps are most typically made by retracing the tongue tip behind the alveolar
ridge and moving it forward so that it strikes the ridge in passing. Taps are
raost fypically made by a direct movement of the tongue Hp to a contact loca-
tion in the dental or alveclar region.

A tap, usually described as dental, occurs in intervocalic position in most
varieties of Spanish in words such as karo ‘expensive’. Quilis {1981) measured
the mean closure duration of this segment as 20 ms. Two productions of karo
are illustrated by the spectrograms in figure 7.13, the one on the left spoken by
a female Peninsular Spanish speaker and the one on the right by a male Peru-
vian Spanish speaker. In the first of these, there is 2 marked rise in the second
formant as the consonant is formed, but no comparable rise occurs in the sec-
ond oterance, suggesting that the place of articulation may differ somewhat
between the two, Note that in the second of these utterances, although the
sourd is described as voiced, there is no vocal foid vibration during the short
closure. This is a not unusual feature of this type of sound, and paraliels the
observation made concerning trifls. _

Most speakers of American English produce similar brief closures for the
weil-known flap allophone of post-stress pre-syllabic alveolar stops in words
such as city, latter and ladder. A clear difference between this American English
flap and the Spanish tap can be seen in the x-ray films of Monnot and Freeman
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English Spandsh,
Figure 7.13 Xeray tracings of the articgiation of American English alveoiar flap and Spanish dental

tap, in the words water and Tbericn respecbvely (after Monnct and Freeman 1972} The direction of
rmovement is indicated by armows,

(1972). Tracings from the closure phase of these sounds are showrn in figure
7.13. The Enghsh speaker has a preparatory raising and retraction of the
tongue fip during the preceding vowel, which is apparent in earlier frames of
the film {not reproduced here). The tongue is then moved forward to make the
contact which is captured in the frame jllustrated here, after which it refurns to
the floor of the mouth. The Spanish tap does not involve any substantial anic-
pation, but instead has a quick upward and downward movement confined fo
the tongue tip. (Monnot and Freeman do not state where the speakers used in
this study were from. It was cazried out in California but the Spanish speaker
was probably Iberian.) Recasens (1991) shows that the tap in Catalan has simi-
lar formant transifons going into and out of the consonant. English flaps often
have detectably different transiiions before and after the contact.

A considerable proportion &f the Jinguistic literature does not make the dis-
finction between tap and flap that is ilustrated here, hence it is often uncertain
which of these two types of movements oceur in particular languages.

7.4 Fricative and Approximant /t/'s

The fernily of rhotics also includes members in which there is no contact, but
instead only an approxdmation between the articulators. In some instances the
typical production is accompanied by friction, in others an approximant is pro-
duced. A fricative alveolar rhotic occurs in the KiVunjo dialect of KiChaka
{Davey, Moshi and Maddieson 1982), and a fricative uvular rhotie is the most
common production of T in French, as shown in the x-ray films by Simon
{1967). A spectrogram of this typical French pronunciation is shown in figure
714,
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Figure 7.14 Specwrogram of the word arrét “stop” pronounced with a avidar fricative by a female
spezker of Standard French.

Fignre 7.15 Mid-saggital sectivn of the Czech thotics i the words pala and masa based on
palatographic and linguographic datz (after Hala 1923), Sobid line indicates 3, dashed fine 1.

As noted above, seme speakers of Czech have a tril] with a fricative CoOmpo-
nent whereas others have only a fricative. Palatograms and linguograms of j
published by Hala {1923) show a namrow open channel at the center of the
mouth which is narrower and formed further forward than that for the con-
trasting approximant 1 which also occurs in Czech. Based on this data, Hala
infers that for speakers of this type the mid-saggital shape for the two Czech
thotics is as in figure 7.15.

An alveolar approximant rhotic is typical of Southern British English; this
segment may appear only in prevocalic positions. A uvular approximant is
common in: Standard German, especially in non word-initial positions (& uvu-
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Figure V.16 Spectrograms of riwlic approximants in a Southern British pronuncation of errey, and &
Standard German pronundation of Bue ‘honer”.

lar fricative or irill is more likely to occur initially)., Examples of these two
segments are iilustrated by the specirograms in figure 7.14.

There is also an approximant rhotic in most varieties of American English.
For some speakers this is alveclar or post-alveolar in its articulation, but &
more complex articulation occurs in the so-called "bunched . This sound is
produced with constrictions in the lower pharynx and at the center of the pal-
ate, but with no raising of the tongue tip or blade (Uldall 1958}, As no phonetic
symbel has been proposed for representing this articulation, we will continue
10 use the symbol 1. A spectrogram iHusirating the bunched r’ in the word
sorrow is shown in figure 7.17. Most striking about this sound is the very low
frequency of the third formant (in other contexts paralleled by lowering of the
secorwd formant). All nine Californian English speakers studied by Lindau
(1985) had a lowered third formant, similar to that in fpgure 7.17.

The American English s also has syllabic variants, as in the word herd. Figure
7.18 shows the articnlatory position for ¢ in this word as spoken by six speakers
of Midwestern American English traced from x-ray films. The constrictions in
both the low pharynx and at the mid-palatal region for “bunched r” and the
absence of any fongue tp ralsing can be seen in these images. Several of these
speakers, particularly those numbered 2, 4, and 5, also show considerable nar-
rowing of the lip aperture. When there are constrictions in the lower pharyn-
geal region or in the palatal region, acoustic modeis of vowe! production pre-
dict a relatively low third formant, dose to the second formant (Fant 1968).
Both second and third formants are also lowered by Hp rounding.

Other speakers of American English use 2 more or less retroflex articulation
for x, which is also combined with a constriction in the lower pharynx, as well
as lip rounding {Delattre and Freeman 1968). This articidatory combination
also produces a low thixd formant. Thus it seemns that speakers of American
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Figure 717 Spectrogram of American English sorrow saion
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Hpure 7,18 Articulatory position for syfabic bunched = from six speakers of American English {af
ter Lindau 1983), '

6

English combine several articulatory mechanisms to produce 2 low third
formant for whichever variant of this segment they emaplay.

Considering these varieties of rhotic approximant 4, and rhotic sounds
found in other dialects of English, we can exemplify nearty all the different
forms of rhotics we have been discussing simply by reference to this one
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language. Alveclar fricative 1 is the standard th?f:iclin some urban ?outh Afri
can Enghish dlalects. Uvular rhotics {ﬁs&aiiy fricative 1, but occasx.)‘naily thgi
trill &) are a marker of the Northumberland dialect gpok;@:} in th? No;zr‘alWest: of
England and of the English of Sterra Leone. In Seottish cities such as Mcimbur‘g‘}l
and Glasgow the norm is an alveolar tap r. Despiie stage c‘azicamres‘: of\S’qcttm
speakers, it is only in the Scottish Lowlands {for example in Galashiels) that an
alveotar irilled r is the most commen form.

7.5 Voicing and other Laryngeal Conirasts

Apicat trills are most often voiced but a number of languages havg a COI‘:‘frast
between voiced and voiceless trills. Breathy voiced and laryngeai;.zed voiced
trills also occur. Based on data presenied by Smith (1968), Sedang is an exam-
ple of a language with three laryngeal settings for trills. Smith prefers to inter-
pret voiceless and laryngealized irilis as clusters of /r/ preceded by _,f R/ and
17/ respectively, but this analysis is not supported by anything other than rea-
sons of economy. _ ' '

As noted above, volced apical trills often contain portions thbaut vocal
cord vibration, but the intervale between the closures are a}fways VOI(?&d. Frrom
the acoustical point of view, therefore, voiceless iritls are lzkc?}y to d_z.ffer rom
their voiced counterparts primarily in having voiceless portions be.erween Ité?e
closures. These sounds occur, for example, in Chechen-Ingush, Nivkh, hish,
and several of the Edoid languages of Nigeria. The conirvast between wyor(d-
final voiced and voiceless trills from a male speaker of Ingush is shown in the
spectrograms in figure 719, Lindau observed a sii‘ght}y slower mean rate of
vibration for the voiceless krill than for the voiced will for three speakers of Ede
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Figure 7.19 Specirograins of the Ingash words mar “husband’ and vwar “seven’

.

who used trills, namely 225 Hz, bur this iz well within the range of variation
seen for the voiced apical trills. A different Edo pronunciation will be
itustraied in section 7.6 below,

Contrasting voiceless thotics of other types, such as approximants, may alse

accur in a few languages, for example Scottish Gaelic, Hrmar (Tibeto-Burman),
Konda (Dravidian) and Yaygir (Australian). We do not know the exact pro-
duction of these sounds, however. Voiceless allophones of rhotics are quite
carmnon, especially in utterance~-final positions, and after voiceless stops.

7.6 Contrasts between Rhotic Types
in the Same Language

Fhe great majority of the world's Janguages have only a single type of rhotfic
sound in their inventory, but there are a number with more than one. We have
already discussed the three trills in Toda, but it is more nsual to find conirasts
among rhotics that involve the contrast of type, rather than place. We have also
aiready illusizated the occurrence of both triills and taps in Spanish. These two
sounds contrast only in intervocalic position, where the trill historically de-
rives from a sequence *rt or *rd. It thevefore has some of the character of a
geminate. In & number of languages in which, unlike Spanish, there is regulariy
a distinction between single and geminate consonants, the single and geminate
rhotics differ in just the way that the Spanish segments do. Single rhotics are
taps, and geminates are {rills. Some varieties of Arabic, as well as Afar (Parker
and Hayward 1985} and Shilluk {Gilley 1992) are among the languages which
conform fo this pattern. Elsewhere, for example in Finnish, even single rhotics
are trilled and geminate rhotics are just longer trills, with in this case 6-8 con.
tacts {Inouye 1991a).

Most native speakers of Hausa have a contrast between two rhotics
{Newman 1980), One is an alveclar will in words such as bérfs “servant’. This
contrasts with a postalveolar rhotic, pronounced as either a flap or an
approximant, in words like bapa: "begging’. When the trill is proncunced with
a single contact (as often happens in normal speech, of. Ladefoged 1968: 30)
and the post-alveclar rhotic is a flap then the contrast between birg: ‘servant’
and bipa: ‘begging’ can be mainly one of place rather than manner.
alatograms and deduced articulatory gestures for these two words produced
in this fashion are shown in fgure 7.20. Spectrograms of the same two words
by another speaker who uses a post-alveolar approximant j rather than z flap
are shown in figure 7.21.

As with the other consonants of Hausa, the rhotics appear in single and
geminate forms. The lengthened trill has a greater number of contacts, as in
ftalian or Finnish, but the geminate equivalent of the flap is a relatively long
retroflex approximant, marked by a low third formant, terminating with a
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Figure 720 Palatograms (refouched) snd deduced tongue positions in Hausa + and ¢ in the wirds

hiéra: and bapd: spoken by a male speaker from Zaria {(from Ladefoged 1968).
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Figiire 7.21 Specteograms of the minimal pairbark: servant’ and bagh: “begging’ contrasting Hausa ¢
and yspoken by @ male speaker ffom Kane.

brief more constricted phase. The four contrasting types are Ulustrated in the
spectrograms in figure 7.22. . .
Many Australian languages have two rhotics which, like those in Hausa, dﬁf\?r
both in place and manner. Spectrograms and waveforms of a confrasting paty
of words of Eastern Arrernte are shown in fipure 7.23. The word on the left has
an alveolar trill. In this token there are two complete centacts, followed Dy &
third oscillation of the articulator that does rot reach complete closure. s
presence can be detected by observing an altenfuation of the acoustic energy
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Fignre 7.22 Spectrograms of woeds containing single and geminate Hausa rhotics. The utterances
are yaz rarrabiee shi*he Bogged kim’ and shararres*swept,

visible in both the spectrogram and the waveform. The contrasting approxi-
mant in the second word has considerable duration, sirong amplitude
‘hroughout, and considerable energy in the 20002500 Hz range. This segent
is usually described as post-alveolar. Segrments of these two types are common
fo the majority of Australian languages.

It is significant that the number of rhotics in Australian languages is gener-
aily lited to two. Many Australian languages have four coronal stops, four
coronal nasals and- four coronal laterals. These are divided into an apical pair
and & laminal pair, with laminal dental, apical alveolar, apical post-alveolar
and laminal post-alveolar places. However, this proliferation of coronal con-
frasts does not extend to the rhotics. In descriptions of Australian languages
the two rhotics are usually both described as apical. For example, Morphy
{1983: 18} notes that in Djapu “the apiro-alveclar rhotic is realized as a tap ora
trill, while the apico-postalveolar rhotic is a retroflex continuant” Dixon's
11980} survey reports that “in the typical Australian pronunciation of /1/ the
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Figure 7.23 ‘Waveforms and speczogranis of the Sastern Arrernte wards arema lera"me} Touse” and
ayoma [Pezetmal. ‘sees’ illuskrating the contrasting rhotics of the language. (Note the voiced stop-like
onset te the nasals, ses chapter 4}

tip of the tongue is turned back, almost as far as for the retroflex /d/, /o/ and
/147 [Butcher's work in progress on Australian languages shows from
palatograms and linguagrams that the "retroflex’ stops can be sublaminal.} The
fact that in a lnguistic area where laminal consonants are 3¢ commaonr, rhetics
do not take part in the apical/laminal opposition, suggests that the major types
of rhotics (most obviously trills and flaps) are not easily made with Jarger ar-
ficulatory organs.

A smaller number of the Australian languages have three rhotics (Dixon
1980:140). In addition o having the two usual Australian vhotics, Pitta-Fitta,
Diyari, Arabana, and Kurfjar are among those having an alveolar fap,
Murinhpatha has an alveclar approximant, Warlpin a post-alveolar flap and
Yaygir a voiceless alveclar trill. The three rhotics of Waripiri are Hustrated by
the two words in figure 7.24. The word payari ‘rainbow’ illustrates the
approximant and the fill; payuru ‘hairstring the flap and the bill. The irills in
both these examples have only very weak friling with some agsociated
frication. In contrast the flap has lower amplitude during the brief closure and
a quite marked burst at its release. In initial position, the flap is often preceded
by a brief prothetic vowel-like segment, as in figure 7.25. This segment assists
in setting up the acoustic cues for the flap, which thus become comparable in
both initial and intervocalic snvizonments.
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Figure7.24 Spectrograms of rhotics in Warlptr inthe words pesari“rainbow’ and pugupe hairsiring.
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Figure 725 Spectrograms of flaps in initial and mediat position in Warlpid in the words jaga "sleep’
ard pups “windbreak’. ‘

f}s we noted earlier, the two rhotics of Malayalam differ by being tilis at
ciizfzerent places for some speakers. Other speakers have a distinction between
azvegla;: tap and frill. Yarmuna (1986) measured the mean duration of the clo-
sure in the tap in his speech as 25 ms. Individual closure durations in the irijl
were shorier, but zills divided into two acoustic types, those with only one
cdosure (mean 16 ms) and those with more than one closura. For the latter type
the mean duration of the total il was 47 ms.

Some languages in the Edoid group have three contrasting rhotic sounds. In
Edo itself they have been described as voiced and voiceless trills, and a voiced
approximant {e.g. Elugbe 1973, Amavo 1978), all of them alveolar. Flowever,
Ladefoged {1968} described these sounds as a voiced fricative g a voiced
approximant 4, and a voiceless fricative | — in other words, as rep}esep.ﬁﬁg a
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Figurg 7.25 Spectrograms of the Edo words in the second Bne of fabie 7.3 spoken by a male speaker
from Benin Clty,

Thble 2.3 Wordsillastrating contrasting alvesdar thotics in Edo

VOICELESS FRICATVE VOICES FRICATIVE VOICED APPRONMANT
f33 "burial ceremony’ ajy ‘caterpiiar’ frdha  rubber’
Ayne ‘ciroamcision’ iz’ eve’ 10 (name of 2 village)

conirast between three types of continuant rhotics. Table 7.3 gives examples of
words contrasting these sounds and figure 726 shows spectrograms of
the words in the second line of the table. These spectrograms and others we
have examined show that the approximant 1 has a very lax articulation, caus-
ing only a small reduction in intensity. The volkeed fricative 3 clearly has a
closer articulation, as there is a greater amplitude diep, yet there is aciually
very lttle frication. The difference between these two voiced sounds does in-
volve a difference in the degree of stricture, but they might be considered to be
more open and more closed approximants, rather than an approximant and a
fricative. We note that while § is voiceless when it occurs in utterance-initial
position, in its most frequent intervocalic positon it is generally breathy
voiced, as in this figure. We note also that 2 and § show a marked lowering of
the higher formants, whereas the higher formants are less perturbed for 1 al-
though the constriction resulis in a significant lowering of the first formant.
This suggests that there is also a difference in place of artculation between 2
and the other two rhotics of Edo.
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7.7 Relationship to Laterals

Before turning to the issue of the unity of the class of rhotics, we will briedly
discuss the relationship between rhotics and laterals. Scunds of these two
classes are often grouped together into a larger class known as ‘liquids’. They
have & member in common — the lateral flap. This is ariculated like the flaps
tescribed earlier in this chapter, by drawing the tongue tip back and making a
brief ballistic contact in passing (usually) in the post-alveclar region. However,
during this gesture one side of the tongue remains Jow so that alr can flow
continuouslty through a lateral escape channel (the higher side of the tongue
may of may not make 2 firm encugh contact to seal off airflow on the opposite
side). The resuliing sound is audiiorily reminiscent of both r and | Some of the
reports of alternations between ¢ and | in a variety of languages may be alirib-
utable to different perceptions of what is in fact a consistent articulation, par-
ticuiarly when the conditioning environment is said to be vowel environment,
as in Nasiol (Hurd and Hurd 1966), Barasano (Stolte and Stolte 1971), and
Tucano (West and Welch 1967). In general, back vowels seem to predispose
toward the production {or perception) of lateral variants, and front vowels to-
ward rhotic varianis. In Chumburung {Snider 1984), the phoneme | has a rhotic
variant which occurs medially in words with namowed pharynx (retracted
tongue root) vowels, '

In other languages, Korean for example, it is much clearer that there are two
distinct articulations involved. Further, in Korean it is the position within a
syllable that determines this variation; r oceurs in syllable-onset position and 1
in syllable-coda pusition {Cho 1967). In vet others the lateral and rhotic pro-
nunciations vary freely, as in several of the West African languages surveyed
in Ladefoged (1968). In Japanese, Shimizu and Dantsaji (1987: 16) note that

Some Japanese use both a lateral approximant {f] and a flap [1] as completely fres
variants. Some Japanese use 4 lateral approximant [i] in the word initial position
and use 2 Hap [r} in the intervocalic position. Some use a lateral approxdimant {I] in
each position. Others use a retroflex voiced stop [} in addition to these sdunds.

Thus there are patterns of alternation between rhotics and laterals that associ-
ate these two classes together. As noted eariier, there are also distributionat
similarities between rhotics and laterals. The most typical members of these
classes are relatively sonorous, but both dasses include sounds that are far
from being se.
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7.8 Factors underlying the Unity of
Rhotics as a Class

Given the articulatory variation in both place and manner between differen;
types of rhotics, it s difficult to imagine a single articalatory property thay
would anity the class. Instead, a unifying property might be sought in the
acoustic domain. Based on data mainly from English, Ladefoged (1973) ang
Lindau (1578) suggested a lowered third formant as a common acoustic factor,
This would be manifested in the relatively steady-state formant stractare of
approxirmant and other continuant thotics, and, in trills, in the formant strze.
ture of the brief intervals between the cdosures of the till, as well as in the
transitions to and from the consonant in any adjoining vowel.

A lowered third formant is a well-justified specification for the various ar.
ticulations of American English 4, including that in figure 7.17. Some of the
approximant rhotics in other languages also share this property. All four
speakers of 1zon examined by Lindau showed a considerably lowered third
formant very similar to that of American English and many of the Italian
speakers we have examined also show a relatively low third formant. The
third formant lowers in. all six of the Toda trills shown in figure 7.5. But other
thoties have high third formants. For example, the Hausa retroflex
approximant in figure 7.21 has a third formant at the same level as that in the
surrounding & vowels, and the Czech fricative rhotic in figure 7.11 has a third
formant near 3000 Hz. Uvular r-sounds in figure 7.10 from Swedish, in figure
7.14 from French and in figure 7.16 from Germar: all show a third spectral peak
over 2508 Mz although otherwise they are somewhat different from each
other. The Arrernte retroflex approximant shown in figure 7.23 also has 2 high
third formant.

These differences in the location of formants in the approximant r-sounds
are important cues to the constricdon location. Uvular r-sounds have a high
third formant, sometimes close to the fourth formant. Denta! r-sounds also
have a relatively high third formant, as illustrated in the Spanish spectrograms
in figure 712, though not as high as the uvulars Fant 1968). A lowered third
formant signals a particular set of articulatory configurations. It is thus not a
good candidate for a property that unifies the rhotic class.

Burt if the phonetic correlate is not the proposed lowered third formarg, is
there any property that makes us recognize all these different sounds as
shotics? Lindau suggests that “there is no physical property that constitutes
the essence of all rhotics. Instead, the relations between members of the ¢lass of
rhotics are more of a family resemblance.” She argues for a series of step-by-
step connections, Thus the uvular ill used in Southern Swedish and the
American English approximant do not seem to have much in common. How-
ever, there are striking similarities between tills at different places. The simi-
lar pulsing patterns in apical and uvalar rills could explain the changes from
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rangue-tp trills to vyular trills that has occurred historically in French, Ger-
man, and Southern Swedish. Once the r-sound is established as vvular, it often
weakens, and there is free variation between uvular trills, fricatives, and
approximants. Al uvalar rhoiics have similar speciral shapes in that they have
some spectral peak in the area of a high third formant. Dental trills and
approximants also have fairly high third formants. That there iz an acoustic
similarity between these rhotics is demonsirated in some areas {n Sweden on
the border between the areas tha! use tongue fip /r/’s and uvular /r/7s In
these areas, members of the same family may use either front or back r-scunds,
znd other family members are ot conscious of the difference {Ohlsson, Nielsen
and Schaltz 1977).

Tuere s also acoustic shimilarity between tills and taps and flaps. From an
acoustic point of view, a till is not uniike a series of taps. Particularly in
intervocalic position, irills may be reduced to a single period {sometimes re-
ferred to in the literature as a “one-tap trill"). In a number of cases we have
observed that frication and trilling may co-orcur. This may result in fricative-
approximant variants as noted in French, Edo and other languages. Several of
the trills illnstrated in section 7.2 were produced with one or more closures
followed by an open phase that is prolonged into an approximant instead of
further alternations of shorier openings with closures. This instability in the
production of frills, leading to wills with & prolonged open phase, could ex-
plain why trilled r-sounds vary with, or change into, approxdmanis.

In this way, accerding to Lindau, each member of the rhotic class resembles
some other member with respect to some property, but it {5 not the same prap-
erty that constitutes the resemblance for all members of the class. Trills and
taps are alike in having short closure duration, the open phase of a trill resem-
bles an approximant in the presence of formants, and tongue-tip {rills and tva-
lar trills resembile each other in thelr pattern of rapid pulses. Rhotics produced
with the same constriction locaton(s) are alike in the distribution of spectral
erergy.

Such family resemblances explain well several of the synchyonic alternations
and diachronic changes that connect different types of rhotics to each other,
but equaliy close resemblances also extend to many sounds that are not tradi-
Honally considered members of the rhotic class. Sounds with similar constric-
Hon locations are lkely to have similar spectral properties whether or not they
are “rhotic’. Taps, flaps and &ills ail have similarities to stops because they all
invelve closure, and, indeed, often alternate with them. Fricative rhotics have
obvious similarities to other fricatives. And so on. Although there are several
well-defined subsets of sounds (triils, flaps, eic) that are included in the rhotic
class, the overall unity of the group seems 1o rest mostly on the historical con-
nections between these subgroups, and on the choice of the letter "t" 10 repre-
sent them all.




Clicks

Clicks are stops in which the essential component is the rarefaction of air en-
closed between two articulatory closures formed in the oral cavity, so that a
ioud transient is produced when the more forward closuze is released. The
means of moving the air in the produciion of cficks is called the velaric air-
streamn mechanism. It 1s always ingressive, and cannot be used for sounds
other than stops and affricates.

Clicks are a regular part of the consonant systems of many of the languages
spoken in Southern Africa. They are most common in the Khoisan languages
such as £X66, IXa and Nama, in which they are very frequent. Over 70 percent
of the words in a (X668 dictionary {Traill 1994) begin with a click. They also
oceir, with a far lower frequency, in a number of Bantu languages of Southern
Africa, such as Zuhy, Xhosa, RuGeirtku and Yei, and in three Bast African lan-
guages, Dahalo, a Cushitic lariguage of Kenyg, and Sandawe and Hadza, two
languages spoken in Tanzanda In all these languages the propertion of words
with clicks is much smaller. In a vocabulary of Sandawe containing approxi-
mately 1200 entries (Kagaya 1993) only about 25 percent of the words contain
clicks, and the entize sef of Dahale words containing clicks amounts 1o only
about 40 (Maddieson, Spajfi¢, Sands, and Ladefoged 1993), Clicks de not ocour
in any ordinary languages ouiside Africa, although they are familiar as
extralingristic signals in many societies. They were also reported in Damin,
the auxiliary language formerly used by Lardil speakers in Australia, which is
constructed somewhat on the lines of a language game (Hale and Nash, un-
published).

The sequence of events in the production of a sitnple alveolar click is illus-
trated in figure 8.1, which is based on x-ray tracings of a IX66 speaker pub-
lished in Traill (1985}, For simplicity, we describe it in terms of four phases: (1}
A body of air is enclosed by raising the tip of the tongue to form a closure in the
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Figure 81 The articulatory sequence involved in production of an alveolar cick in 1X66. The dark
shaded area shows the cavity enclosed when the clasures are formed. Tha light shaded area shows ]
the cavity just befom the release of the anterior closire. The dashied lines shew the lowegd tongue
positions correspending to steps 3 and 4,

front of the mouth, and by also raising the back of the tongue to make a velar
ciosure on the soff palate. {2) The air in the cavity between the two closures is
rarefied by the downward movement of the center of the tongue, while both
the back and the tip of the tongue maintain contact with the roof of the mouth.
(3} The tip and blade or side of the tongue move down, releasing the forward
closure so that alr rushes into the mouth o equalize the alr pressure, pro-
ducing a sharp transtent. {4) The closure formed by the back of the tongue is
released.

The presence of a posterior closure is an essential comnponent of a click, and
every click has beth a tip or blade (or lip) action determinin % the type of click,
and also an accompanying velar or tvular articulation. Beach {1938} coined a
pair of terms for these two aspects of the articulation of a click. He calls the
fixst, the location and release of the front ciosure, the click influx. From our
peint of view the click influx determines what we caBl the ciick type, The veiar
or uvular articulation and other accompanying properties were i Beach’s ter-
minology the click efffux. We will not use this term, but will instead use the
expression click aceompaniment to describe properties of the back oral aricn-
Iafion together with any pulmonic activity, laryngeal setiing, or nasal airflow
that accompantes the dlick.

8.1 Axticulatory Properties of Click Types

Because no language is known to use more than five click types we will regard
any chick as belonging to one or cther of only five types: bilabial, dental,
alveolar, palatal and lateral. We symbolize these five dick typesas O, | !, & 1,
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Table 5.3 Ardiciiators phonetic classifications by different avthors of the f, L, % and | click tvpes. The
O click type Is not inchaded in this tabie as i i5 always described as bilabial by those aathors who

refer o it

S0uCE L.ANGUAGE ] : £ H
This book atl dental alvestar palatal lataral
Beach {1953%) Numna dental alveciar denti-ajveolar  lateral
affricative nplosive smplosive affricative
Pieekand [Xam dentet cerebral paiatal laterzl
Liovd (1911}
Doke (3926)  Zuiu Gental palate- post-atveatar
alvgnkar lateral
Doke (1937 #Khemant  dental with  palato. alveolar lzteral with
friction ahveolar instantansons  friction
fnztantaneous
Kahler {I981} Kxoe dental praiaial abveciar lateral
Tagrofiex
Maddieson Mama dentai giveniar palato- atveglar
{1554a) affricated alvealar laterat
' affricated
Maddieson Zulu alveolar paltato- atvealar
{1964a) affricated alveolar lateral
affricated
Sagey {1986)  Khomsan + coronal + Coronal + coronal + coronal
+ anterior - anterior + anterior - antericr
+ distribused - distribaged + distributed - distributed
- Iateral ~lateral - jaterat + lataral
Seyrnan {1973} Zhulhdesi  denbi-zlveciay palatal alveniar tateral

Taljaard and

Snyman {1550)

Zuiu

apicn-iaming-
demta:

Fpico-paiatat

lateral apico-
ajvap.patatal

respectively. Although the dick types are given labels that refer prima}'ii}_f to
place of articulation, these terms cover several aspects of the front articudiation.
Each should be considered a shorthand description for a range of articulatory
and acoustic characteristics that tend to occur together and which jointly de-
fine a family of clicks that are considered o belong to the same type. We will
note the differences in the articulation of these fypes, both between languages
and between speakers within languages in the following discussion. Compara-
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tively few languages use all five types of clicks. Dahaio and SilNdebele are ex-
amples of languages that use only one (dental); Southern Sotho also uses only
one, but in this case it is alveolar. Zuln, and Xhosa are among the Bantu lan-
guages that use three (dental, alveolar, and iateral). Sandawe and Hadza also
use three. Nama, [Xd and many of the other Kholsan languages use four (all
except the bilabial). Oniy Southern Kholsan languages sach as X638 and Xam
use five,

In the history of the study of these sounds there has been an enormous diver-
sity inn the articulatory descriptions offered for what we consider to be the
same type of click. Some of the principal descriptive labeis that have been used
are summarized in table 8.1. The variation among descriptions of these types is
such that we and writers such as Snyman {1975} give precisely the apposite
names for ! (our alveolar, their palatal), and % {our palatal, their alveolar};
other authors offer yet other names for these two sounds. Similarly, what we
call dental, Maddieson (1984a: 297) cails alveolar in Zuhs, and our alveolars are
his palato-alveolars. There are several reasons for this variation in naming. The
maxirmn occhusion during a click is more extensive than the occlusion that
exists just before the release; judgments on the place of articulation will vary
according fo whether place is based on the maximum occlusion or a later
tmepoint. Also, auditorily similar click tvpes can be produced by different
speakers using somewhat different articulations. Finally, different authors
stress different aspects of the articulafions, for example, adding comments on
the abrupt or fricated nafure of the release.

The articulatory positicns for the five types of clicks in IX36 are illustrated in
figure 8.2, which is based on cine-radiclogy data from Trail: (1985). In the
original data the lps are visible only in the case of the bilabial click. Qutlines of
the lips have been added to each of the other clicks, with their positions based
on those of the lower teeth, which are visible on the records of all the clicks, In
each case the left-hand diagram shows the maximal oeclusion, when the cavity
enclosed by the tongue is at its smallest, while the right-hand diagram indi-
cates the position just before the anterior ciosure was released.

We will consider the moments of maximal closure (the left-hand diagrams)
first. There are smaller differences among the click types at this time than there
are just before the release. The left-band diagrams are rather similar, except for
the bilabieal click In all of the four linguat ciick types, the ongue Contacts much
of the upper surface of the oral cavity. The most significant difference among
them at this time is that the anterior margin of the enciosed body of air is some-
what further from the front of the mouth for the aiveolar and palatal clicks
than for the dental and iateral types.

The diagrams on the right of the figure show that the differences in articula-
‘ory positions among the click types are greater fust before the release. The
differences between the two columns reflect the considerable tongue move-
ments required to produce the rarefaction of the air in the cavizy, which forms
the basis of the velaric airstream. A more retracted location of the anterior
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Bilabial fm

Dreryial

Figure 82 The positions of the vocal organs a: the onset of the click desure (laft cofumn), and juat
befire the release of the dlick closure (sight column) in the Bve dick types of XG0, based on Gne-
radiology data published in Traill {19585).

margin of the cavity continues to distinguish alveolar and palatal <licks from
the dental and iateral types. A different grouping emerges from examining the
lowest point of the center of the tongue just before release. This is lower for the
alveclar and lateral click types than for the dental and palatal types.

The distinciive acoustic characteristics of any click type are determined by
the 1ocation of the closure at the moment of release, not the location of the
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closure at its maximum extent. For this resson, in the arficulatory labels we
provide for the elick types, we emphasize the articalatory position just before
the release. It is these poins in the articulation that we will consider in most
detail, noting the iocation of the rearward edge of the anterior closure, espe-
cialty just before the closure is released. Note that this emphasis means that
static palatograms are of limited use in determining the place of articulation
for clicks, since they show the entire area contacted al any point during the
click However, they do serve to indicate lntits within which the articulation
fails. Accompanying linguographic data can also provide valuable information
on the part of the tongue making contact. I» the following paragraphs the ar-
nculation of each click type will be considered in furn.

Asg noted above, clicks of the bilabial type oceur ondy in Southern Khoisan
languages. They are iilustrated in the top row of figure 8.2. In most forms of
this dlick the lips are together, but not rounded or protruded unless there is
labializatior. The regular gesture is one of lip compression rather than the
puckering of the lips normally associated with a kiss. In some productions the
lower lip may articulate against the upper teeth as the dick is released, thus
increasing the turbulent airflow associated with the release of the click,

The dental click type (illustrated in the second row of figure 8.2) occurs in
more languages than any other type. In the particular foken illustrated in the
figure, the release involves orly the Hp of the tongue. We do not know what
part of the tongue was involved in the frame of the film immediately prior to
this, byt usually both the tip and blade of the tongue are used to make the front
closure, so we would classify this click type as typically having a laminal ar-
ticulation. Louw {1977) suggests that speakers of Nama and Zulu as well as
most speakers of Xhosa use an articulation “with the tip of the tongue being
sucked away from the upper front teeth.” He may be considering the term “tip
of the tongue’ to encompass what we would term the blade. The Hnguogram of
a Zulu speaker in Doke {1926} certainly shows a relatively broad laminal con-
tact on the tongue for | However, Louw notes one group of Xhosa speakers
who “press the tip of the tongue against the lower teeth and suck the front part
of the tongue ... away from the upper teeth.” These speakers clearly use a
laminal articulation and, in comparison with them, the other speakers Louw is
describing might be said to have a more apical articulation. Doke (1925} sug-

sts that the dental click type may be produced with an interdental articala-
ton in IX@ ; and we have ourselves observed some speakers of Sandawe and
Hadza who protrude the tip of the tongue between the teeth, Thus, as with
dental sounds of other classes, the specific articulation used for a denfal click
may vary in place of contact and tongue shape.

When the cicks of this iype are formed, the front closure may extend as fay
back as the post-alveolar region, so that it might seem preferable to call these
denti-atveolar or even denii-palatal clicks. But, as we noted earlier, the crucial
point in the description of a click type is the position at the moment of release.
In the clicks that are being classified as dental, the closure at the time of the
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release usuaily involves at least part of the blade of the tongue, and is usually
ont the teeth and the anteror part of the alveolar area, making them clearly
lamninal dental or laminal denti-alveolar. It is also characterisiic of dicks of this
type that the front release Is accompanied by noeise; hence thev are often de-
scribed as affricated {see table 8.1 above).

The third row in figure §.2 shows the arficulation for the click anscribed as
1. Clicks of this type differ from the dental clicks in that they are always pro-
duced with & more abrupt, non-affricated, front release. But their place of ar-
ticulation may be somewhat varied and different aspects emphasized, resuli-
ing in their being given various names. Clicks of this type were for many years
conventionally calied ‘palatal’, but we have chosen to cali them alveolar as the
contact just before release is usually confined o a location well in front of the
palatal region, aithough it may certainly be post-alveslar. Traill {1985} prefers
the term postdental on the grounds that most of the considerable number of
speakers of Khoisan languages that he has examined have smoothly stoping
palates without an alveolar ridge, making it difficult to separate articulatory
regions behind the teeth. An alternative would be to call these sounds simply
apical clicks on the grounds that by far the majority of clicks of the ! type are
made with the tip of the tongue contacting the roof of the mouth at the moment
of release of the closure. But this is not true for ail speakers; cur linguograms
show that seme speakers of Hadza and S8andawe have a laminal articulation in
which the tip of the tongue does not touch the roof of the mouth.

Clicks of the ! type are often post-alveolar in place of articulation; hence the
oceurrence of terms such as rekzoflex and cevebral in the ! column of table 8.1
fIn fact, the symbol ! derives from adding the dot diacritic used to indicate
retroflex by schotars of Indian languages to the slash used o represent dental
clicks.) Both apical post-alvesiar and sub-apical post-alveolar varieties ccoay
but we do not know of any contrasts between click types with these different
articulatory positions. Rather, these seem fo he variants within the same lan-
giage, as in the palatograms in figure 8.3 (re-drawn from Traill 1985:103). These
show single articulations of words containing initial ¢ produced by five differ-
ent speakers of IX65. Note the inverted curve for the first two speakers (marked
by the arrow). The contact in the centex of the mouth is further back than at the
sides. This kind of contact area is produced by the tip of the tongue cuwrling
back as it touches the roof of the mouth, in a sub-apical articulation. Simailar
contact areas have been found in studies of the retroflex consonants in Malayalam
{Dart 1991). As for the other three speakers’ articulations, 3 and 4 might be best
described as alveclar, while speaker 5's pronunciation is post-alveclar but lacks
any indication of sub-apicat articulation. These five palatograms thus ilustrate
three articulatory strategies for producing the same click type. Simlar varie-
tions are apparant in production of the 1 click type in Zulu and Xhosa. Doke
(1927: 127) and Beach (1938: 82} both publish palatograms of a single speaker
using both laminal postalveolar and sub-apical varianis of 1.

Doke (1925: 148) described a sub-apical retvofiex click in X and implies
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I.-"r'gwe &3 Palatograms of | produred by five speakers of X6 {based on Traill 1953 183), In this
figizre the contact arez 1s shown in white.

that this refroflex click type contrasts with the alveclar type. Jan Snyman, the
most experienced investigator working on this language (Snyman 1970 {975
1978, 1980} does not note any such contrast, but consistently transcrib’es thé
words tlzat Doke writes with a retroflex click as simply containing clicks of the
! type. No linguists working on other Kheisan languages report a contrast be-
tween alveolar and retroflex places for clicks. It seems most likely that some of
Doke"s speakers used a retroflex click, but no contrast existed then or exists
now between this sound and a non-retroflex form of the ! click. It is ceriainly
possible that retroflex clicks may be the favored form of pronundiation of ! in
some languages, but we do not believe that it is 2 contrastive possibility.

We have studied the production of the ! dick type in Sandawe and Hadza.
These languages also demonsirate substantial variability in the production of
these sounds. In both languages, clicks of the ! type were especially noted to
vary a great deal in texms of how forcefully they were produced by speakers.
in some Instances, the amplitude of the release was very low, as if the click
were produced with very little suction (for more details, see Sands, Maddieson
and Ladefoged 1993). A notable aliophonic variation of the click type occured
for a number of speakers. In these instances, the tongue tip makes contact with
the bottom of the mouth after the release of the front click closure. The release
of the front closure and the contact with the bottom of the mouth is one con-
tinuous, ballistic movement, with the underside of the tip of the tongu'e
maxing a percussive sound as it strikes the floor of the mouth. This vession of
the ! click is tl}us similar to the sound sometimes made by speakers of nos-click
Eanguages trying fo initate the sound of a trotting horse and is the articulation
which Tucker, Bryan and Woodburn {1977) characterized as a flapped palato-
alveolar click. The only pavallel variant reported from any Southern African
languages with clicks concerns an individual iXa speak;,r who used what
Doke called a palato-alveolar flapped click. The tonguedfront is “flapped
smartly to the floor of the mouth, the under-side making a resounding ‘smack’
behind the lower front teeth and on the foor of the mouth” {Doke 1925: 143).

Pal_atograms, linguograms and inferred sagittal sections of the front arti-
culation of the ! clicks for two speakers of Hadza are shown in figure 8.4. In



254 (licks

Speaker 1 Speaker 2
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Figure 8.4 Palatogzams, Bnguograms and inferfed sapitat view of the shveoiowpalatal <lick in the
word ‘cat’ gie?e ‘cut’ as spoken by two male Fadra speakers.

comparison with the 266 chicks shown in figure 8.3, it is possible that the back
closure does not extend as far forward in Hadza, meaning that the cavity en-
closed may be larger. As in other languages, the front closure of these ! clicks in
Hadza tends to be made at a less anterior place of articulation than the | click,
and is typicaily more apical. This is certainly the case for speaker 1, but speaker
2 shows more similarity in his arficelations for |and ! Qur lingeograms for
speaker 2 show front closure contact on the fongue to be similar it length and
location for both | and !, but the dental click differs in the shape of the area in
the middle of the tongue which did not make contact with the roof of the
mouth. In the dental click, this area is tapered toward the front, whereas ! dis-
plays a more rectangular shape for the corresponding area. Neither of these
two Hadza speakers nor the three speakers of Sandawe for whom we have
palatographic records have a sub-apical articulation.

We have noted, 2s have Sands (1991}, Traill {1992} and Ladefoged and Traill
(1994}, that writers on clicks have described the ! click type in a large number
of different ways. In the preceding paragraphs we noted that for sume speak-
ers in some languages this click may involve a laminal articuiation, whereas for
others if is apical or sub-apical. We suspect that the laminal articuiation of ! can
sccur only in languages that do not have a contrasting palatal cick # of the
type we will discuss below. Except for Traill's data on X638, we do not have
any data (cine-tadiology or dynamic palatography) which show the place of
articulation on the roof of the mouth at the moment of the release of the click.
Considering ail the varieties of f clicks that have been observed, many of them
being differences among individual speakers of the same language, we think it
bhest to use the term aiveoiar to describe these clicks, neting, however, that it
should not be interpreted foo specifically. We should also note that in each of
the languages we have investigated with a ? click, at least some speakers make
this sound with an apical (or sub-apical) contact in the alveolar region. In the

{3) {4 {5)

Figure £.5 Palatograms of the palatal oiicks of fdve :X00 speakers. afier Traill (1985), Coriactarea is
shown i white,

Kroisan languages of Southern Africa it is always made in this way, and for
these languages ! can be considered simply as an apical click.

The % ciick type shown in the fourth row of figure 8.2 has been cailed denti-
alveolar (Beach 1938) or alveolar (Doke 1925, Kéhier 1981). These descriptions
seems 0 us o focus on the wrong aspect of the articulation, and we will refer
to it as palatal. This, as table 8.1 shows, is a return to the term used by Bleek
and Lioyd (1911} and other early writers such as Krinlein (18891 It is true that
the tip and blade of the tongue are in contact with the teeth and alveclar ridge,
but the forward edge of the click cavity is much further back; and this is the
relevant factor. Traill’s cine-radiclogy data also demonstrate how the location
of the click cavity alters during the production of this click. Comparison of the
left and right sides of figure 8.2 shows that the contact made by the blade of the
torigue moved further back while the sucton was being developed. This is a
commen but by no means invariable feature of this click type (see Traill 1985:
127}, At the moment of the release of the clicl, there is no doubt that & should
be described as a palatal sound.

The other striking aspect of the # click type is the small size of the cavity
between the two closures during the maximal occlusion. The short length of
this cavity in the sagittal plane and its shaliow depth can be seen in figure 8.2.
Palatograms of five X668 speakers in Traill (1985), which formed the basis for
figure 8.5, as well as a palatogram of a Nama speaker in Beach (1938: 77) make
clear that the cavity is also narrowed by extensive contact along the lateral
margins. The cavity in this dick type before expansion is thus the smallest of
any type even being zero for speaker one. Because this cavity is so small a
comparatively small movement of the tongue will create a sufficient velume
change to produce the negative pressure required in a click. _

The lateral click type in the last row of figure 8.2 is also somewhat varied in
its place of artieniation. The most sigmficant aspect of this dlick type is, of
course, the lateral release, which is usually made by moving one side of the
tongue at the level of the molar teeth. There are no reporis of a sublaminal
version of this click, but the place may be dental, atveoiar or post-alveolar. In
the Sonthern African languages the central closure is nsually apical alveolar, as
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Figure 8.6 Palatogram and inguogram of a lateral click in the word plia?a scavenge’ as spoken by a
male Hadza speaker {(speaker 3 in Figare 5.3 above),

in figure 8.2, and the lateral click |} has a sirnilar front closure just before release
to that in the ! click; but in Sandawse and Hadza the articulation is similar to
that in the palatal lateral ejective cf, which these langnages also have. Indeed,
the lateral click in these two languages might well be regarded as a lateral ver-
sion of the 4 click, rather than of the ! click. A palatogram and linguecgram of a
Hadxza lateral click type are shown in fignre 8.6. The extensive strictly laminal
contact on the fongue is very apparent. Whether the articulation 25 apical or
laminal, lateral clicks in all languages that have been studied have an affricated
front release. It is perfectly possible to produce a non-affricated release (asina
sound used by many English speakers 1o sigral approval or surprise), but this
does not seemn to be used in natural langunages.

Apart from differences in the place of articulation and the apical/laminal
parameter, the four hinguat click bypes differ in the rate of movement of the
front articaatory release. In all the ianguages that we have heard, the denial
and lateral dicks are affricated, whereas the alveolar and palatal dicks are
sharply released. In figure 82 it can be seen that the affricated dick types are
thase which have a cavity before expansion that is relatively long in the sagittal
plane.

We follow Traili (1985) in emphasizing that, for languages that have both
alveolar and palatal clicks, the major articulatory distinciions ameng |, 1, #, |
are not in the place of articulation on the roof of the mouth, but in the part of
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the tongue used. In these languages, two of the clicks, |, | are apical and two |,
# are laminal. The two apical click types are those in which cavity expansion is
achieved by greater Jowering of the center of the tongue. The distinction be-
rween the two apical cicks is that ! 1s centrai and || lateral. The tongue tip con-
tact o the roof of the mouth can be anywhere from the denial to the post-
aiveolar region. There is a distincfion in tradifional place of arbicalation terms
hetween the two laminal clicks |, #. The laminal closure for | is on the teeth and
the teeth ridge (in so far Khoisan speakers can be said to have an alveolar
ridge; as we have noted, most have very flat palates). The closure for the other
tarninal elick, §, always extends further back into the palatal region. In coming
to these conclusions, Traill {1985} was discussing a particular language, X690,
but his findings seem squally applicable to the other click languages that have
i #- Many of the descriptions of clicks in these languages are inadequate
because they do not pay sufficient attention to the apical/laminal distinction.
Note, however, that the apical/laminal distinction is independent of the
affrication of the release.

8.2 Acoustic Properties of Click Types

In the past there have been few attempts 10 describe clicks from an acoustic
perspective. The mast important are Kagaya's (1978} study of Naron, and
Sands’ (1991) study of Xhosa These authors have described the click types in
terms of the general shape of the acoustic spectra of their releases and whether
or not they are agsoctated with noise {affricated). The acecunt that follows is
based on Ladefoged and Traill {1994). The most converdent way to infroduce
a discussion about the acoustic properties of dicks is to consider the differ-
ences in the waveforms, shown in figure 87. We wili concentrate on the acous-
tic structure of the waveform that occurs at the release of the anterior dosure.
This waveform is determined by the place and manver of the dlick release,
and by the cavity and walls of the vocal fzact anterior to the posterior closure.
The relevant acoustics of the release of the posterior closure will not be dis-
cassed here. They are similar o the releases that occur in other velar and
uvular consonants.

There are obvious differences among the waveforms in their duration and
npisiness. Click releases, like those of other stops, can be considered o have
two acoustic components; a transient which occurs when the articulators come
apart, and a noise associated with turbulent flow between the articulators. The
fransient is due to the rapid rate of change of vocal tract shape; it produces a
wave that is like an impulse response of the vocal tract cavity at that time. The
wave forms of the alveolar and palatal clicks {in the lower part of the figure
8.7) are dominated by the transient response; they are not accompanied by sig-
nificant ameunts of turbulent neise after the release. The bilabial, dental and
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Figure .7 Wavelorms of the noise bursts for the five X6 ciick twpes. The two waveforms in the
lower part of the figuee are dominated by the transient response, those in the upper part have consid-
erable turbulent noise aftec the celease.

lateral click releases (in the upper part of the figure} are longer and noisier.
These differences correspond o the dlear auditory differences between these
two classes; the ahruptly released clicks provide an intense but brief stimula-
tion of the auditory nerve, whereas the noigy clicks provide a sharp onset fol-
lowed by sustained stimu:lation. This makes the clicks Y, § more like the plain
stops t, k whereas the noisy clicks @, |, || are more like the affricates pd. ts, kx. In
the noisy clicks, the tongue {for the dental and lateral clicks) and the lips {for
the bilabial dlick) move more slowly when the front closure is byoken and the
negative pressure is equalized. Hagman {1977 suggests in his Nama grammar
that the affncafion of dentals is due more to the fact that the release is made by
pulling the tongue away from an irregular surface formed by the teeth, be-
tween which there may be gaps, 5o that the resulting aperture is created in a
somewhat piecemeal fashion. This seems an interasting and plausible sugges-
tion, and accounts for the fact that it s difficult to produce a non-affricated
dental click, whereas it is much easier to produce non-affricated lateral and
bilabial ones. In the abrupt {palatal and alveoclar) clicks, the front of the tongue

Clicks 259

moves very fast when the anterior closuze is broken, so that the impulse re-
sponse of the chamber is accompanied by almost no noise.

A feahure that can also be seen in figure 8.7 is the crescendo and decrescendo
of the noise. For the noigy clicks, after the anterior closure is released, the noise
increases in intensity until it reaches a maximum, after which the noise de-
creases in intensify. This gives a measure of the speed with which the anterior
part of the tongue or the lower lip moves away from its point of articuiation
For the noisy chicks this is relatively slow, 5o that the duration of the fricative
portion is about 15 ms; for the abrupt clicks the duration of this portion is
about 6 ms.

Another acoustic feature of the abruptiy refeased clicks ! and £, visible in the
waveforms are the damped oscillations, irdtiated by the fransient energy. The
noisy clicks have a more random waveform. The waveform of the alveolar
ctick has damped oscillations with a frequency of about 1200 Hz. The palatal
click has less cleazly visible damped osdillations, with a frequency aver 3000
Mz, reflacting the fact that the cavity for the palatal click is smaller than that for
the alveolar, as may be seen in figure 8.2,

The spectra of ciicks can be divided into three classes, dependent on the gen-
exal distribufion of energy. The dental and palatal clicks have more energy
above 2.5 kFlz, and the alveolar and tatera; clicks have more below it. The spee-
tra of the bilabial click are partly reminiscent of those for the dental ciick, with
a high frequency peak at 3700 Hz, but in addifion there is a wide band of in-
tense lower frequencies between about 900 and 1360 Hz. There are two regions
of spectral energy because the bilabial click is the only dlick in which the initial
transient and the foliowing noise burst are in different regions.

Finaily, in our consideration of the acoustics of clicks, we must emphasize
the importance of their intensity. Clicks stand out from the sounds around
thern. This is partly due to their usually being preceded by silence or low level
voicing, and often followed by a voiceless accompaniment. But it is more be-
cause many of the clicks contain a great deal of enexgy compared with the
surrounding sounds. As the illustrations in the later part of this chapter will
show, they often have a peak to peak voltage ratio that is more than twice that
of the following vowel, reaning that they have at least & dB greater intensity.
(It nay be helpful to remember that if one sound is 5 dB greater than another,
and has approximately the same frequency compenents, then it sounds about
twice as loud as the other) This is an important acoustic feature that distin-
gaishes clicks from other consonants. The elicks , 4, &, § are nearly always mors
intense than the following vowsel. Only the bilabial click normally has much
less intensity than the following vowel; butit is, nevertheless, at least as intense
as s, the strongest of the other voiceless consonants. As a class clicks are prob-
ably the most salient consonants found in a human language. They are easier fo
identify than non-click consonants, and are virtually never confused with non-
click consonants (Ladefoged and Traill 1994). They thus form a robust and
percephaaliy satient class.
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8.3 Click Accompaniments

Clicks must involve two dosures. So far we have been discussing only the
sound thatf is caused by the release of the anterior closurs, the so-called inflyx,
We will now consider the range of sounds associated with the posterior dg.
sure and with the laryngeal and oro-nasal setiings during clicks. These varia.
tions are called the accompaniments or, in older terminclogy, the “effluxes’ o4
the clicks. It should be emphasized that they are a necessary part of any click,
‘There cannet be a click without an accompaniment of some kind, and our tan.
scriptions of individual clicks, as opposed to click types, will aiways indude 4
way of symbolizing this part of the sound. The posterior closure is usually in
the velar region, so that most clicks include a velar plosive k or g or 2 velar
nasal g as one of their atiributes.

There are three types of variations in the accompaniments of clicks: (1) those
associated with activities of the larynx; {2) those associated with the oro-nasaj
process; and {3} those assoclated with the place and marmer of release of the
back closure. Nguni languages such as Zulu and Xhosa use only the first two of
these possibilities. The Khoisan languages use all three. We will begin a more
detailed study of dick accompaniments by considering data from Xhosa, in
which there are five different accompaniments for each click. These ¢licks may
pe accomparied by a voiceless, or an aspirated, or what we will call a breathy
voiced velar plosive k, k? ¢; in addition there may be a voiced velar nazal g, or
a breathy voiced velar nasal p. Xhosa clicks have one of three possible anterior
releases, dental, alveociar or lateral. Accordingly this language has 15 contrast-
ing clicks as shown in table 8.2.

We can see a number of points about these different accompaniments by
considering the waveforms for the alveclar clicks, which are shown in figire
8.8. The voiceless click in the top row has a small amount of aspiratior; but it is
clearly distinct from the aspirated click in the second row, which has a voice

Tuele 8.2 Words illustrating contrasting clicks in Xhosa

PENTaL Arveniag LASERAL
Vol ess akik|ela ghiikioha dkfole
o gring fine “to break stones” ‘prace”
ASEIRATED akuk|"6la ukikMela wknk[Poba
“tor pick up "perfiame’ ‘to arn oneseif”
Breatssy voicke dkugleba ukdglioha ukiig!joba
“tor e oyt ‘e sconp” ‘1o sz up raud
Voreen nasal ukfinioma ukiinlols akoniiba
“tor admire” ‘o clmb up “to puton dothes”
BREATHY VOICED NASAL ukiniola wkigtala ukigfionta )
"t b dirty’ ‘t g2 shraight’ “tes ig o back knees 1p
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onset Hime {VOT} of abowt 125 ms. The click in the third row may be called
breathy voiced, and transcribed with a voiced velar symbol with a dieresis
under it but figure 8.7 shows that in the velar plosive accornpaniment in the
third row there is 7110 vocal fold vibration during the closure..The breathy
voiced clicks in Xhosa (and in the neighboring languages such as Zulu) are part
of the set of depressor corsonans, which are marked by the towering of the
tone on the following vowe! (Traill, Khumale and Fridihon 1987). The breathy
voice in these depressor consorants in Bantu languages such as Zulu and
Xhosa 1 not accompanied by strong breathy voice during the release of the
closure as it is in Indo-Aryan langaages such as Hindi or Marathi.

The clicks in the fourth row ocour almost at the end of the accompanying
velar riasal, as do the clicks in the fifth row. The clicks in these two rows are
distinguished by the fact that the breathy voiced nasal in the fifth row is a
depressor consonant, lowering the tone. Unlike the situation in the case of the
accompanying velar stop in the third row, in this case there is sufficient
fransgiottal pressure difference to keep the vocal folds vibrating throaghout
the ciick and the following vowel. The breathy voice vibrations are evident in
the waveiform, which alsc has a lower fundamental freguency. Again the
breathiness is not as strong as it is in the breathy voiced nasals in, for example,
Marathi.

There are additional dick accompaniments in the Khoisan languages. Nama
has clicks aceompanied by a giottal stop and clicks with a voiceless nasal ac-
companiment, which will be discussed below. As it alse has three of the FO55i-
biliHes mentioned o far ~ the nasal, voiceless unaspirated and aspirated ac-
companiments ~ there are five different forms of each of the anterior releases.
Narna has four types of antesior release (the three in Xhosa and a palatai type),
so that there are 20 distinct clicks as shown in fable 8.3. Ladefoged and Traill
(1984} have given a full account of these Nama clicks.

The dlicks in the first, second and fourth rows have similar accompaniments
te those in Xhosa, except that, in some dialecks of Nama, the aspirated release
way be accompanied by velar friction. The third row contains clicks with ac-
companying voiceless nasal airflow. This property has been discussed else-
where (Ladefoged and Traill 1984) under :he labe delayed aspiration. When a
vowel precedes clicks with this accompaniment that vowe] is nasalized or a
short fransitiona nasal segment is heard (Beach 1938 : 86-7% but in utterance-
initial position these clicks are difficult to distinguish from the aspirated (velar
affricatedd) clicks in the second row. The voicing delay (VOT) is very similar,
The auditory distinction that is most noticeable is that the aspirated clicks have
& very obvious velar release — it is clear that they are accompanied by k" or
even k* - whereas the velar release is virtually inaudible when there ic a voice-
less nasal accompaniment. This is because there is no build uap of pressure be-
hind the velar closure in these clicks.

The aerodynamic records in figure 8.9 {taken from the same series as that
Teported i Ladefoged and Traill 1984) show how the contrast is produced for
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Figare 8.8 Waveforms Hlustraling the five dick accompeniments in Xhosa with alveolar clicks.

the words ki"o ‘play music’ and glPe "push into’, spoken as citation forms. For
the agpirated dick fwhich was, in this case, slighily affricated) on the left of the
figure, pressure is built up behind the velar closure during the formation of the
click. Thert the anterior click release and the velar release occur at almost the
same moment {as is the case for most clicks, other than those with a nasal
accompaniment, and speciel cases to be discussed later). There is a rapid flow
of zir out of the mouth, which falls as the vowsl begins. In the dick with de-
layed aspiration on the right of the Sgure, very litle pressure #s built up behind
the velar closure. This Is because, as can be seen in the nasal airflow record,
there is voiceless nasal airflow starting just before the click release. When the
velar closure is released there is a comparatively small oral airflow, which in-
creases slowly as the nasal airflow dimdnishes. The clicks in the third row of
tabie 83 do not have an audibie velar release, because the pressure that might
have been built up behind the velar closure has been vented through the nose.
Instead of having an aspirated velar stop kF as an accompartiment (as is the
case of the clicks i the second row of table 8.2) the clicks in the third row are
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flow
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click and click and
velar release velar release

Fgure 8.9 Aerndynamic records gretouched) Hiustrating the difference between the aspirated {velar

alfricated) and voiceless aspirated rasalized (delayed aspirated) clicks in the Nama words ko ‘play
music” and gf*e ‘push into’, pronownced a5 diabion forms. Only the beginning of sach word is shown.

Tiirle 8.3 Words llustrating contrasting clicks in Mama. Al these words have a high tone

Dianeas ALVEDLAR Faialan LATERAL

VoICs.Ess kioa kloas K+ais kiaros

IINATPIRATED “pukinks “hoilow’ “zalling’ “writng
Vauce sss k[Fo kthoas Edtaris kifapos

ASHIRATED “play music” Teady “small ong’ “strixe”

Ve s=s oo nibag gfais glitans

KAsaL “puslings’ ‘narrating “baboon's arse’ “spedial cocking place”
Vouern nio gloras nais ijaes

B Tease’ ‘phuckmaize’  hurtledove’ “eointing
GLoyar, kioa k¥oas kifais k|*aos

CLOSURE "o’ ‘meedng” ‘geld’ ‘rejecka present’
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accompanied by a voiceless velar nasal . We will provide further docamenta-
tion on the airstream mechanisms invoived in our discussion of the clicks of
IXéo below.

The clicks in the last row are accomparded by a glottal stop. During the glot-
tal closure there is no increase in pharyngeal pressure. However, aerodynamic
records show that at the release of the click there is some nasal airflow, indicat-
ing that the velum is clearly lowered at this ime. The voiceless nasal release
was first noted by Beach (1938). It is possible that it 1s caused by a raising of the
closed larynx while the velum is down. {Note that if the larynx had been raised
while the vele-pharyngeal port was closed, then a pharyngeal pressure in-
crease would have been observed.) Clicks of s type do not occur as phono-
fogical contrasts in Xhosa or other Nguni languages, but Lanham {1964} notes
that the voiceless unaspirated stop in Xhosa may be followed by a glottal stop.

We have so far discussed seven ways {five in Xhosa and two others in
Nama) in which the posterior component (the accomparndment) of a click can
be varied. Several additional accompaniments occur in IX&5. Words iiuskrat-
ing the complete set of X666 clicks (Including some sequences of ¢licks and
other consonants) are give in table B.4. As we have noted, 1X66 has five types of
click articulation; there are bilabial, dental, alveolar, lateral, and palatal clicks.
Each ¢lick has one of 17 possible accompanimernts, which are exemplified in
the table.

Wavelforms for the alveolar click series are shown in figures 8.10 and 811,
These words were recorded ab Lokalane in the Katahari Desert, in a free figld,
about & kilometer away from the settlernent. The slight background noise
which is eviden during voiceless closures is the nnavoidable sound of the
wind in the frees. In order fo get visually comparable waveforms we used rep-
resenfative utterances made by one speaker in a single recording.

We should note here that linguists are not agreed on the most appropriate
way of svmbolizing dick accompaniments (Kéhler, Ladefoged, Traill, Snyman
and Vossen 1888). The symbols used in table 8.3 {and in all simdlar tables in
this book} are an attempl 2t a systemaiic approach in accordance with the
principles of the International Phonetic Association (198%). BEvery dlick in-
voives a back dosure, but since it may be either velar or uvular in place this
aspect of a ciick must be written separately. This is done by writing a symboi
for a velar or wvular consonant before the symbol for the click type. (The order-
ing of symbols does not indicate that the articulatory gestures are necessarily
ordered in the corresponding way.) Other features of the click, such as pres-
ence or absence of voicing, as well as presence or absence of nasal air flow are
indicated by choosing between, Kk, g, g, ¥ and 5o on. We have observed the
following possibilities: k, g, 8, §, §, 20, g, &. The click itself is symbolized using
the IPA (1989) approved symbols. Different releases of the posterior closure
are noted when necessary by an additional symbo! after the symbol for the
click. Possibiiities include aspiration ¥, affrication ¥, and 2 glottal release either
in the form of a glottal stop I, or with a glottalic airstream mechanism forming
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art efective . These symbols are placed superscript in accordance with the IPA
convention that superscript symbols represent shades of sounds, rather than
separaie segments.

We have not yet discussed the first accompaniment listed in table 8.4, a mo-
dally voiced velar plosive, because it does not occur in Nama or Xhosa. But it
oceuns in IX6G and in many other Khoisan languages. As may be seen from the
waveform in the top row of figure 8.18, there is a noticeabie period of voicing
before the release of the click. As often happens m fully voiced velar stops,
regular voicing for the vowel does not begin for 1020 ms after the release of
the accompanying velar closure. The second click shown in figure 8.10 has the
voiceless unaspirated accompaniment; it is the same as the click in Nama
which we have already discussed. The voiceless unaspirated elick in row (2) of
figure 8.10 has a vowel onset very similar to that in the voiced dick above it
but it has no volcing during the closure. The X638 voiceless aspirated click in
line {3} is also similar to that found in Nama. The duration of the aspiration is
fairly extensive, well over 100 ms in this example.

The clicks in lines (4) and (5) have avular accormpaniments. In these clicks,
the back of the tongue is in the uvular region at the time of release of the poste-
rior closure. Clicks with this type of release are found in only a very few lan-
guages such as 1X&3 and JAni (Vossen 1988). We have followed a convention of
regarding a velar accompaniment as the inmarked case, and have usually re-
ferred to the clicks we have been considering as, e.g., voiced, rather thar
voiced velar. When there is a uvular accompaniment it will be specifically
meniioned. The voiced uvidar plosive accompaniment (4} and the voiceless
znaspirated uvuiar plosive accompaniment (5) are the direct counterparts of
the velar accompaniments (1} and (2). However, there is less voicing for the
voiced uvular, and slightly more aspiration for the voiceless unaspirated uvu-
lar. The release of the uvular closure also occars slightly later with reference 1o
the release of the anterior click closure. Traill (1985: 126) notes thar the velar
release is so soon after the click that it is not audible, but the uvular release is a
separate event. Perhaps because it {s difficult to sustain voicing throughout a
uvular stop, voiced clicks of the form ¢! are often prenasalized and might be
franscribed as mg!. In some tokens, by the Hme of the release of the click there s
no voicing, and it is not until about 30 ms later that vocal fold vibrations can be
seen. Ladefoged and Traill (1984) transcribed clicks of this form as nlg, nojing,
nowever, that the nasalization can be very short and that this click may be
regarded as the voiced counterpart of g'.

X538 has the voiced velar nasal (in row 6) that we have discussed above in
relation to Nama, and also two other nasal accompaniments in rows (7) and (8)

i figlire £.10. Row (7) shows a voiceiess velar nasal accompariment in which

there is a strong nasal airflow. Spectrograms show that in this sound the re-
lease of the anterior <losure {the click) occurs towards the end of the voiccless
nasal, about 20 ms before the voicing commences.

A glottalized nasal accompaniment is exempilified by the word in row (8.




Table 8.4 Words illustrating dlicks and dasters invelving dicls in X863

Bilatral Dlantal ALVECLAR LATERAL Palagar
1 globd glad glia gliaa g=ia
{fype of woztn) ek ‘accompany’ "beg’ “exploit’
2 kOoa kidi kiag kfaa LS
“thream’ move off “walt for” "poison’ Tome’
3 kOPed ki*sa k!®an Kijkaa kdMaa
"l fitting” ‘be srinoth’ inside’ ‘otha:” ‘stamp Bat’
4 3bo Glaa Gi44 Gliia chaa
“be spiit’ “spread Qut’ “hrains ‘Hghtup’ ‘depress
5 qOdu gfaa glge gida gHan
“wild cat’ rubswith hand”  hust gl "conEel’
5§ nloe f4a pias |aa nfda
Touge’ seeyou ‘one’s peer” ‘grewia berry’ ‘peer inte
7 noara xljiﬁ?i nia?m Platm b i
“be close together”  ‘be careful’ ‘evade anattack’  “be damp’ “be out of reach’
§ p0idje iniaa hlgn ?nllahz tofad
“tree’ 10 sult’ ‘e hoddzondal ‘armount rightside’
g pdibs B*da kA nfirda gHhaa
‘smeared withdirt' ook forspecr”  fall’ rary’ “ahead”
10 REros kias klga Ki=a HE T
"walll slowly’ “darice” ‘g0 a distance’ ‘serape’ ‘i out’
31 gDkxdna glkxdz glkxan allkxazn gdkxita
“rake fire with “splatier water’ “softer’ "ealf uscle’ ‘sneere’
reicks
12 kO'g’ém Ki'g'aa Kl'g'da Ki'q'ad Sk
"delicious” hard’ ‘spread cut’ ‘grass’ neck’
13 gOg’éd gig'as gly'aa gliq’aa girg'aa
“fy thase' ery incessantly’  ‘tamor” ‘ground fo
powder”
i+ gThad glhia gihda glhdi gEhda
‘zp. bush’ ‘stale ment’ “thorms’ hone arrow Hp° cut
13 kQToo ki?éa kiras kj[2aa k+¢ia
"be st “dig "pesemted’ fpl]  ‘nottobe ‘shioot you'
16 gQim gFan gl'adma qy’apa g4'dn
‘close meuth’ "sTall’ [pi] stickprass’ ‘tumone'sbadd lay down [pl}
7 G|had Gihapa G+hiaé -
‘putinto’ ‘grey haired” ‘push away’
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Figurg .10 Waveforms showing the first sight abveniar clcke i 166 in tabie §.4.
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Figure 831 The waveform of a pregiotiaiized naca? dick and the first few periods of the vowal in
Tian, The time scale has been expanded so that the indgividual periods can be seen more easily.

The preglottaiized nasalis not evidentin the particular token showninfigire 530, (As
we havenoted, all the examples in this figuire are taken from a single recording of one
speaker, resulting in this one niot being as typical as we would have wished.) The
glottalization can be seen in another token of the same word showrn in figure 8.11. The
preglotialized nasal is usually very short (about 50 ms) with the ciick burst occurring
riear the middle of thenasal. Theirregularities in the first three or four glottal pulses
are evident in the waveform infigure 8.11, which is shown on a slightly expanded
scale, In this case the click occurs about 30 ms inte the nasal, and the waveform for the
vowel appears as soon as the high frequencies assodiated with the click canno longer
be seen.

The remaining click accompaniments in IX48 are shown in figure 8.12. Row
(9} shows the voiceless aspirated velar nasal accompanimens (delayed aspira-
fion) which is also found in Nama. In these clicks, after the release of the ante-
rior clasure there is a long period of voicelessness (about 130 ms In the citation
forms such as those in the figure 8.12), In the latier part of which weak aspiration may
become more evident. Ladefoged and Traill (1984) note that the dicks with voicsiess
nasal aspiration in IXo3 are similar to those in Nama, but they could nothear a voice-
iess velar nasal in citation forms; it is also not visible on the waveforms or in
spectrograms of these sounds. The IX6& sounds also differ from the corresponding
sounds in Nama, in that the X668 nasal often remains voiceless even when the ciick is
preceded by avowel, although Traill (1994) notes that voicirgis present in more rapid
speech styles.

The puzzle of what goes on in the silent 250 ms after the click has now been
explained by Traill {31991}, He has shown that the velum is lowered so that the
pressure behind the velar closure can be vented through the noge. Bui, uniike
the similar Nama scund, there tnay be no audible voiceless velar nasal because
there is no egressive airflow. Instead of a passive venting of the pressure be-
hind the velar closure, there is an active pulmonic Ingressive alrsiream mecha-
nism, drawing alr inwards. This IXé&6 click is prabably unique among the
sounds of the world's languages in that, ever in the middle of a sentence, i
may have ingressive pulmonic atrflow. (it has beer claimed by Fuller (3998)
that ingresstve pulmonic phones occur in Tsou, but this claim has been dis-
puted by Ladefoged and Zeitoun (1993).}

Row {10} illustrates the voiceless velar affricate accompariment This cick
contrasts with the voiceless aspirated click in row {3} of figure 8.10 in thaf
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Figure 8.3% ‘Waveforms showing the last nine alvesiar clicks in 264 in table 8.4,

the velar release is much more {ricative. This can be demonstrated by data
in whiech there are accompanying records of the pressure of the air in the
pharynx, as in figures 813-8.18. These records were made using fech-
rigues described by Ladefoged and Traill (1984). It may be scen that in the
accompaniment with a fricative constriction, the pressure behind the poste-
rior clostire may rernain comparatively high for more than 140 ms after the
click.

As argued by Tralll (1992), the clicks in the next few rows are best regarded
as sequences of consonants. The dick in vow (11 has voicing during the do-
sure and for two or three periods after the release of the dlick. Other tokens of
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Figaere 833 {a) Audic waveionn and {b) pharyngeal pressure i a dental click with a voicelzss velar
affricate sccompadment.

this chick are more like those in figure 8.14, which shows a dental ciick which canbe
frangcribed as gikx. Both in the dental click in figare 8.14 and in the comesponding
alveolar click gty in figure 8. Itthere is ample evidence of friction. After the release
of the click theve is a considerable pressure buld up duringk, foliowed by a fricative
portionx Clicks such as those inrow (11} are sequentes involving a volced dick with
an accompanienent as in row (1} of gure 8.10, followed by a voiceless velar affricate.
Sometimes the velar closure is not maintained after the anterior click release, and thers
is a click with a voiged (velar) accompaniment, followed by a voiceiess velar fricafive,
so that the sequence is glx rather than glkx.

The cledcdn row {12) is even more complex. I this particular dialect of XG0 it
consists of a voiceless velar gective released just after the release of the dick followed
by the immediate formation of a uvular closurs for an ejective that is released just
before the vowel. This sequence van be maze easily understood by reference to the
dental click with the same accompaniment shownin igure 815 As canbe seen, the
pressire bulids up towards the end of the cosure of the click onuch mare raptdiy than
seen in the previous figure. We infer that this is because the glothsis closed and the
larynx is being rapidly raised. Then the releases of the anterior closure of the clickand
of the velar closure occur In close succession. They are followed by the immediate
formation of another dorsal closure, this tHme at the wvular place, and a continued
glottalic alrstrearn mechanism, producing a uvlar gective.

Row (13} illustrates the voiced counterpart of this sequence. It consists of avoiced
ciick followed by a uvular ejectve. Similar articulations occur in the denzal clickglg”
shownin figure 8.16. During the click closure there is very iittle increase in pharyn-
geal pressure (as isnormal in a voiced dicks, but afterwards there Is a large increase in
the pharyngeal pressure, which goes up to 20 cm Hafl. The nvular gjective is released
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Figurz 834 (a) Andic waveform and (b) pharyngeal pressate in 2 voiced dental click followed by a
viiceless welar affricate.

released immediately before the onset of the vowel. The timing of the articula-
tions of chcks of types (13) and (14) makes it quite clear that these are se-
guences of a voiced or a voiceless click foliowed by a uvular ejective rather
than unitary segments. This notion is further supported by the fact that X3
has a uvular ejective in its consonant inventory making these sequences mere
piausible. A similar point has been made recently by Traill (1992).

The accompaniments in both rows (12)and (13} aze pronounced with more
velar friction in other dialects of IX66. Instead of the sequence of two ejectives
ki'g" Hlustrated in figure 8.13, there is a single sjective affricate with a less uvu-
lar quality, more appropriately tanscribed as k! and instead of the
prevoiced version glq’, there is a sequence that could be transcribed gi!™.
These more affricated dialectal pronunciations correspond o the standard
pronunciation in Zhu*hoasi, as will be iHustrated later.

Row {14) in figare 8.12 illustrates the click glh. In this alveoiar ctick there is
voicing throughout the closure, and for a few periods after the release of the
clic, It is this continuation of the voicing that prevenis a salient voiced velar
release. Pharyngeal pressure records of a dental dick of this kind are shown in
Bgure 8.37. Again the voicing is apparent right through the closure. After the
click the pharyngeal pressure drops rapidly, and there is little evidence of fric-
tiort during the interval before the voicing for the vowel begins. There seems to
be some variability in the way that this sound is produced. Traill (1985: 148)
tegarded itas avoiced click accompanied by voiceless nasal aitflow, but it now ap pears
that the oral air Bow may have the more rapid acceleration found with k!, rather than
the more stowdy tising oral air flow that occurs when airis also flowing ot Shrough the
nasal cavity. Traill also notes that he did not have any evidence of nasal venting, We
witt consider clicks of this type a5 generally sequences, involving a voiced cick of type
{1), followed by aspiratior, as shown by the sequence of symbols gi and b Buton
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Figzre 815 {2} Audio waveformand (b} phanmgsa? pressurein a volcetess dental dick withan gective
aooompanimant, followsd by a uvalar gective.

occasions when the volcing ceases before the release of the click, the conditions
will be right for a voiceless velar aspirated release, and we may regard it as a
sequence of the form gk

Rew {15} flustrates the ciick with an accompanying glottal stop in X80, As
we have seen, there is a similar click in Nama. The glottal dosure is formed
during the velar cosure for the click, and is released considerably later. The velar
Telease is not audible, as it ooours during the glottal dosure, without any pressure build
ap. Cur pharyngeal pressure records for both Nama and X680 show that the air pres-
sure i the pharynx does not increase during dicks of the type shown in (15), so thisis
not an ejective accompariment, As the example in figure 8.12 shows, the delay before
fhe onset of voiding for the vowel is very strrslar to that ins (9} with a voiceless aspirated
nasal accompaniment, but the onset of the following vowel is more abrupt. The VOT s
also very shrdlar In (30), the volceless velar affricated edick, k¥, in which the interval
between the release of the posterior dosure and the vowelis accompanied by consider
able velar frickion.

The clickin row (16} is the uvular counterpart to (15), the voiceless velar pius glottal
stop; but whereas the velar plus glottal stop does not involve an upward movement of
the larynx, in the case of the uvular plus glotial siop accompaniment there is an upward
movement of the larynx, making this an gjective accompaniment. As canbeseenin
figure B.18, which shows a comparable dental click, the uvular plus gletial closure
accompariment has an increase in the pharyngeal pressure both during and, morg
sharply, after the release of the anterior dick dosure. There is a nodeeable burst when
the uvular clostre is released abott 15-20 ms after the release of the click, which s
percepiible as aseparate event. In the case of the dental click in figiwre 818, the elective
reiease is followed by aperiod of comparable length to the VOT in (15) before the
giottat stop is released and voicing comrrences. The token iliustrated in figure 8.12 has
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Figure 5.18 {2} Audio wavefonn and (b} pharyngeal pressure in a voiced densal click foliowed by a
uvular ejeckive.
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Figure 217 {a) Audio waveform and (b} pharyngeal pressire in 2 voiced dental lick foflowed by
aspiraton.

a far shorter VOT.

Row (17) in fable 8.4 and figure 8.12 is the uvalar counterpart to {14}; it con-
ststs of 4 voiced uvular plosive accompaniment, followed by aspiration. As can
ba seen in table 8.4, only three of the five ciicks have besn found with this
possibility. As noted above, this accompaniment usually has a brief uvular na-
sal onset. In figure 8.12 the higher amplitude voicing seen prior to the 100 ms
time marker is probably due to such a short nasal component. Lower ampli-
inde voicing persists through the next phase of the click before the releases of
the front clostre and back clostres in rapid succession. The release is followed
by strong voiceless aspiration which may have accompanying velar friction or
uvitiar trilling.
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Feure §.18 (a) Audic waveform and (&) pharyngeal pressurs in a danlal dick with 2 wwular ejective
ACCOMpanimens.

Zhy| hiasi, which is a dialect of IXG | is another Kholsan language for which
there is a considerable amount of published data {Snyman 1970, 1975, 1973,
1980%. In this chapter we will ase data from our own fleld recordings, which
are comparable to those we have for £X68. This language, which is only re-
motely related to X608, has a slighily smaller number of clicks than Xé6. It
does not have bitabial dicks. and also has fewer click accompaniments. Exam-
ples of contrasts irvolving the alveoiar click are shiown in table 8.5, and in fig-
ures 8.19 and 8.20.

Most of the clicks illustrated in figure 8.19 awe similar to those in X368, and need
litHe further disenssion. The main differences are in VOT, with the Zhuhoasi exam-
ples having more voicing and iess aspiration. Inaddition, unlike the situation in IX65,
the VOT is muchshorter for the agpirated cHokinrow (33 and the click with glottal
stop accompaniment inrow (6) than for the ciick with voiceless aspirated nasal accom-
paniment inrow (5). We do not know if these differences in tming reflect real differ-
ences between the two languages arif thev are simply due to a difference in the rate of
speech or to the particuiar speakers thatwere recorded on the different occasions.

Figure 8.20 shows the remaining Zha'hbasi clicks in table 8.5, Again they are
targely similar to the corresponding clicks in Xo0d, except for differences in
timing, which may be due to the individual creumstances of the recordings.
However, this is not always the case. In row (7} there is a dick in Zhui*hdas!
that we transcribed as g!¥ There is a similar click in X080 in yow (11} of figure
8.12; we transaribed the [X&d click as giks, a voiced cick followed by a voiveless velar
affricate, noting at the Hime that there may be no velar closure after the amterior dosure
fas been released, so that this may be glix or gix. In Zhw hoasi the comparable chick
is not only always fricative, butis also ustsally (but not always) veiced throughout. We
do not know of anv language that contrasts the 68 clicks glkx or gt with the fypi-
cal Zhuihoast click g'¥, although one might be considered a sequence of a voiced
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Teile 8.5 Words filuskrating Zhuihdasi alveolar clicks

H gla “rain’
4 klibi “roll up a Dianket
3 k!hani ‘paim treg’
% ntama road
3 ni*ana ‘weatking stick’
& k¥aby "rifle’
7 givaré "cut apen an snimal’
2 kK!%ara ‘congh up from throad
2 kMam "tighten a bow string”
10 gthéani “fie’
il gkPari Tenpazd
12 gyitam ‘spidar’

dick followed by a voiceless velar affricate or fricative, and the other a voiced
click with a velar fricative accompanimens:.

Another difference between the dialect of IX6& represented in figure 8.12
and Zhu"hoasl is that the former has clicks such as k¥q and g!g’, whereas
Zhu['hdasi has clicks such as k™ and gk, iHustrated in rows (5} and (11) in
figure 820. We noted above that in other dialects of X566 the clicks k™ and
gk!™ oceurred instead of k!'q® and g!q’. No language that we know of con-
masts clicks of the form k!*g” and k'™ or the voiced counterparts glq’ and
ghkt™*. We should also note a sequence that does not occur in X568, but does
occur in Zhaf hasi, as exemplified in row {123, a voiced velar nasal and voice-
less aspirated velar nasal. This is ancther example of the complex voicing
clusters that gccur in these languages. (The particular token illustrated in fige
ure 8.20 has only very weak voicing.)

We are now in a pesition to &y to summarize the complete range of click

ccompaniments. The number of possible accompaniments is fairiv consider-
able, as can be seen from tabie 8.6, which Bsts symbols and a short description
for 21 accompaniments, together with one or more languages in which each
oceurs. As we have noted, some of these accompaniments might be better re-
garded as involving sequences of consonants. Khoisan langnages have no con-
straint forbidding voiced and voiceless sequences of obstruents within a single
cluster. All these sequences are included here so as io give a more complete
overview of possible sounds invoiving clicks.

There are probiems in frying to draw up a Hst such as that in table 8.4, in
that it is not easy to say when two sounds in different languages should be
regarded as phonetically the same. This is an issue that has plagued phoneti-
cians for many years. It is at the heart of the International Phonetic Associa-
Hon's difficulty in frying to decide which symbals rieed to be represented on its
chart (Ladefoged 1996). If two seunds contrast phonologically in a single lan-
gtage, of course they must have distinct phonetic qualities. But if fwe
seerungly different sounds never accur in the same tanguage, how can ons
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decide whether they are indead different?

The first six items in table 8.6 present no problems in this respect, but it is
worth considering why phoneticians have no difficulty in recognizing that
there are six different sounds alibough they do not all contrast in a single lan-
guage. The first four are all contrastive in two of our exemplifying languages,
X656 and Zhul*hdest. The fifth and sixth, the clicks with breathy volced plosive
and breathy voiced nasal accompaniments, cocur only in Nguni languages
here exemplified by Xhosa. As we noted earlier, the description of these
sounds as being breathy voiced is largely a phonological designation of them
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Fignre 820 Waveforms of the last six Zhui-héasi aiveoiar clicks In table 8.
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as being tone depressors (Traill, Khumalo, and Fridihon 1987). Accordingly,
the breathy voiced velar plosive accompaniment might be considered as sim-
ply the Nguni variant of the voiced velar plosive accompaniment, as these lan-
pretation. Firstly, this sotion is not available in the case of the breathy voiced
velay nasal accompaniment, as there is a contrasting voiced velar nasai accom-
paniment in these languages. This rnakes it evident that a breathy veiced accompani-
ment has to be recognized as distinctive for some clicks. Secondly, these languages
also contrast voiced velar plosives and breathy voiced velar plosives in the non-click
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Tebiz 3.4 A systemaiic representafion of clicks and their accompaniments. here shown with the
slveniar dick L In other clicks the symbol Pwouild be replaced by one of the symbols @ § . 4. The
sxvample languages are chosen from Xhosa, Namae, X668, and Zhoi'hdast {2 dialect of IX5)

Sl Descreemions Alvediar dick pluas - EXaMPLE
LANCUACES
1 gl Voiced velar plosive X458, Zhul héas
2 kT Voiceless unaspirared veler piosive al} fonr
3 kit Aspirated velar plosive ali four
4 gt Volrad velar nasal alf four
gt Breathy voiced velar plosive xhosa
& 13' Breathy voiced velzr nasal ¥hosa
7 ;;!" Voireless sgpivated velar nasal {delayed agpirated) MNama, 140, Zhu|hdasi
B IZ!? Volceless velar plosive and gloital stop Mama, 2X6d, Zhnihdasi
4 k1 Woiceless alricated velar plosive TRES, Thu|hiasi
10 gth  Voiced velsr plagive felipwed by aspiration Xdd, Zhuihoast
11 gk!* Voiced velar plosive foHowed by voiceless velar fricative B¢, Zhuikoas]
2 kI affricated velar efective Fhnihoas
13 gk Voiced velar plosive foliowed by woiceless affricated elective  Zhuihoast
14 gpt®  Voiced velar nasal foliowed by voiceless aspivated velar nasal  Zhui’héasi
15 n; Voiceless velar nasal Xod
18 fni Preglottaiizad velar nasal X34
17 ¢! Voiced (optonally prenasalized) uvular plosive IXad
18 g! Voiceless unaspirated weular plosive Mad
19 k!'g" Voiceless velar ejective, followed by wvular ejective X85
20 glg’  Voiced velar plostve, followed by uvalar ejective Xad
2 ol Voleed wvular plosive, followed by aspization &b

consonant series. This alse makes if plausible to consider the voiced velar pio-
sive accompaniment and the breathy voiced velar plosive accompaniment as
potentially contrastive, It seems as if the first six accompaniments are all po-
tentially conirastive and therefore they must be considered as phoneticaily dis-
tinct sounds.

A different problem arises in the case of the seventhifem, the voiceless aspirated
nasal accompaniment. There is instrumental evidence showing that these
sounds differ in Nama and X$5. Ladefoged and Traill {1984) showed that in
Nama there is a voiceless velar nasal with a pulmonic egressive airstream.
Traiil {1991) showed that in X645 there is also A voiceless velar nasal, bt an
ingressive pulmonic alrstream. Moreover these differences have phonological
implications, in that the Nama voiceless aspirated nasal ciicks show some voic-
ing assimilation when they occur intervecalically so that they have a voiced
velar nasal onset, but the IX66 sounds are less Hkely to show such an assimita-
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tion. Nevertheless we have decided to regard these two click accompaniments
as being phonetically the same at some dlassificatory phonetic level, on the grounds
thatno language could use the difference between them to form phorological contrasts.
Considering the amazingly smali (to our eazs) contzasts that languages do use, this is
antactof faith on our part. And we would be happy to be proved wrong,

Ltems (7} through (14) all occur in ZhuPhiast as contrasting sounds, and aze plainly
phoneticaily distinct (3t least to speakers of ZhuPhoasi). Similarly ftems (15) through
(21} all occer in IX6&8. The only question is whether any of those Hsted a5 ooour-
ring In X606 but not in Zh*hoast could in fact be identified with any of the
Zhw’hoas] items. We have already discussed some cases in which this can be
done. Ttems (12) and (13} in Zhu[hdasi, k¥ and gk!®, are comparable with
items {19} and (20} in [X66, k!'g’ and gly’, in the sense that the Zhulhdasi forms
occur in (X686 as dialectal varianis of the forms listed for IXé4. Anather pair of
items that are fairly similar are (14), gg'®, the voiced velar nasal followed by a
voiceless aspirated velar nasal in Zhul'hdasi, and{15), gl, the voiceless velar
rasal, in [X66. There are no strong arguments for regarding these non-contrast
ing sounds as distinet at 2 phonetic classificatory level. But, just as we held in
the case of the different voiceless aspirated nasal accompaniments that they
were not likely to be used contrastively, 5o we simply offer it as our opinion
that the opposite is frie in these cases: these pairs of sounds are sufficiently
distinct to justify classifying them as different phoretic items that are poten-
tally contrastive.

The other items, (16) through (21}, oceur in IX848, but have no counterparts in
Zhu'hdasi. The preglotialized velar nasal accompaniment does not occur out-
side 1X66; and Zhuhoasi also lacks ail the contrastive uvualar accompanimenis,

Table 8.6 shows that if we include possible sequences involving more than
one segment, then there might be 5 x 21 = 103 ways of beginning a word with a
cick As we have seen in table 8.4, 83 of these actually occur as phonologically
contrastive items in IX&&. I we consider items {10, 13, 13, 14, 19, 26, 23 te be
sequences, then there are still 14 x 5 = 70 phonetically distinct click segments,
3% of which ocenr in IX66. We should alse note the Hmits of the list that we
have given in table 8.6. When we consider the wide variety of click accompani-
ments that do occur, then a number of other possibilities must be considered as
just accidental gaps that might have accurred but are not attested. Combina-
tons using additional phonation types would be possible. We should also con-
sider other airstream mechanisms that might be used. It is comparatively easy
to produce a voiced velar implosive while producing a dick. In fact, it is prob-
ably easier for most non-Khotsan phoneticians to say ¢?a than it is fo say g'q'a. _
But impiosives never occur as click accompaniments.

Some clicks are complex articulations; but many are stmple sounds, judging
from the fact that they are fairly easy to produce. Almost any child can, and
prebably does, make bilabial, dental and lateral clicks as extralinguistic noises.
Nor have we found any real difficulty in teaching students fo integrate these
sounds into syllables, although many have difficulty in aveiding nasalizing
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clicks and the adjoining vewels. In our experience, most clicks are much easier
io teach people o make than ejectives o1 implosives. Considerning alse their
percepiual salience, it might seem as if they shoaid be highiy favored conso-
nants in the world's languages. Their desirebility is evidenced by the facs that
they were readily borrowed from Khoisan into the neighboring Ngunt lan-
guages. Their ready acceptance and retention was no doubt facilitated by their phe-
netic qualifies. Indeed, we cannot explain why these easy to make and perceptu-
ally optimal consonants are found in so few languages. ¢ {s only the addition of
diverse complex ac\.ompan;men‘cm that provides real phonetic challengb Xadwords
such as yihal, fall’, with a voiceless pulmonic ingressive nasal, and complex se-
guences of clicks and ejectives such as that in kg 44, " grass’ are amc}ng the most
difficult articulations that we know of in commen words in the world's anguages But
most people can easily learn to say shtimple IX68 words such ask|3a, ‘move off,’ so
that it is surpsising that plain dicks do not oceur in more languages.

Vowels

In this chapter we will consider the kinds of vowsl sounds that occur in the
world's languages. Bat before we do this we should ity to define what we
mean by a vowel. In many linguistic descriptions sounds are classified as
gither vowels or consonants. The eriginal intuition behind this classification
was that vowels are sounds that may be pronounced alone, but consonants
musi be sounded with a vowel. In many languages the sounds calied vowels
can form a word by themselves, but the scunds called consonants must be
accomnpanied by a vowel. The phonetic basis of the distinction between vowels
and consonants is not straightforward. An important contribution on this topic
was made by Pike (1943) who began by splitting segments in another way. He
first of all made a distinction between vocoids and conleids, with a voceid
being defined as a central resonant oral. He then went on to define a vowelas a
syilabic vocoid. In practice this is very similar fo the definton given by
Chomsky and Halle (1968) in the latter part of The Sound Pattern of English.
Their definition is that a vowel Is & segment with the features [+ syilabic,
-~ consonantal], with [- consonantal] sounds being defined as those that do not
have a central obstruction of the oral tract. In many ways this is functionaily
equivalent to the later practice of autosegmental phonologists in deficing a
vowel a5 2 [ consonantal] segment attached to a V siot. Whichever definition
is used it is equivalent to saying that a vowel 1s defined by features that ensurs
that there are no muajor sirictures in the vocal rack; and that it is syllabic.

We know what we mean by there being no obstructions i the vocal bract,
but what, from a phonetic point of view, do we mean by syllabic? There is no
phenetic parameter that can be used to define svllabicity in articulatory, or
physiclogical terms. When Pike propesed his definition, he suggested that
syllables correspond to the valleys between peaks in strictural degree. Thus the
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English word pif forms a single syllable because there is a more open degree of
stricture between two regions of greater stricture. However, the word splif on
this definition would have two syliables, as s has lower strictare than p. This
conflicts with the intuitive sense of what constitutes a syilable, and with the
behavior of s in other positions. An earlier proposal was that of Stetson {19513,
who ciaimed that each syliable is associated with the particular kind of respira
tory activity that Stetson called a 'chest pulse’. We now know that syllables are
not necessarily associated with a chest pulse (Ladefoged 1967), but phoneti-
cians have not bean able to suggest an alternative definition of the physioclogi-
cal properties of a syllable. The best that we can do is to suggest that syliables
are ‘mecessary umits in the organization and production of utterances’
{Ladefoged 1982). This is a neurophysiclogicsl, or cognitive view of the sylla.
ble, making the syllable a phonclogical rather than a phonetic unit. Syllables
are identifiable as the primary elements aver which the thythmic pattemns of
language can be observed, or the primary domain over which sequential con-
straints apply, or coarticulatory adjustments can be made. Vowels are defined
by the physiological characteristic of their having no obstruction in the vocal
tract, and by their function within a phonolegically defined syllable. At the end
of the chapter we will consider semivowels, which we will take to be sounds
that are like vowels in that they have no obstractions in the vocal tract, but
unlike vowels in thar they are not syllabic.

9.1 Major Vowe] Features

Many of the features required for linguistic descriptions of voweis have been
established for some time. An excellent summary of their application to the
world's languages was given by Lindau {1978). The discussion here wilt follow
a similar framework; we will summarize our differences at the end of the
chapter.

The basic parameters of most vowel sysiems are the three scales whose
endpoints are traditionaily called high and low, front and back, and rounded
and unrotnded. Figure 9.1 shows the location of a set of reference vowels, the
cardinal vowels described by Jones (1956}, within the space defined by these
dimensions. In our examination of the vowels of the world's Jangaages we will
continue fo use the traditional terms high/low and back/front, and we will
refer to these dimensions as Height and Backness. These terms were originaliy
proposed as descriptions of actual arficulatory characleristics of vowels, and
taken to specify the highes? point of the tongue. However, although we will use
the traditional articulatory labels, we do not mean to imply that we necessarily
think that these terms can be dizectly interpreted as indicating the shape of the
vocal tract, as i is nof at &l clear that the classes of vowels defined by tongue
body positions are the same as those defined by the traditional use of these
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Figure 8.7 The primary Cardinal Voweis displayed in terms of the major dimernsisns of vowel guality

terms. The mean position of the fongue in the saggital piane during nine
Armerican English vowels as produced by five speakers is as shown on the left
of figure 9.2 {based on data and caleulation of means by factor analysis as de-
scvtbed in Harshman, Ladefoged and Goldstein 1977). Dots have been piaced
on the highest point of the tongue in each vewel, and the resulting spacing of
vowels is given on the right of the figure. As can be seen, the tongue height ofu
is below that of 5, that of vis below that of e and the tongue height of o is below
that of ®. Tradidonal descriptions of English vowels wouid classify i, 1, 6, v al!
as high vowels, bul with 1, o lower than i, & o as mid and = as low. Diagrams
showing the height of the center of the tongue body (28 advocated by Fischer-
Jergensen 1985} would reveal much the same relationships as in f gure 9.2,

There are a number of alternative possible ways of quantifying the position
of the iongue in vowels. The most well known is that used by Stevens and
Fouse {1935) and Fant (1960}, who point out that, from an acoustic phonetic
point of view, the most important articlatory characteristics of vowels are the
position of the point of maximusr constriction of the vocal fract, anid the cross-
sectional area of the vocal tract at that point. Figure 9.3 shows the vowsls in
figure 8.2 arranged in this way. The groupings in this figure do not form any
vbvious natural classes from a linguistic point of view.

There s an interesting possible compromise between the two characteriza-
tions we have considered so far. In this view each vowel is characterized in
terms of the distance of the highest point of the tongue from the roof of the
mouth, as shown in figure 34 For the front vowels below the hard palate this
is effectively the same as the position of the highest point of the tomgue as in
figure 8.2, For the back vowels it is somewhat different, especially as it must be
remembered that the height of the soff palate is directly correlated with the
height of the vowel, so that the low vowels are in fact closer 1o the roof of the
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Fimre 8.3 The mear ongue positions in American English vowels measared in terms of the size of
the consiction, and the dlstance of the constriction from the glottls, 23 sugpested by Stevens and
Heotse (1955) and Fant {1960}

mouth than appears in the figure, which shows only one position of the soft
palale. The line along which this distance was meagured for the back vowels is
shown in figure 9.4.

However, even this represertation of the articulation of vowels is not as
close to the usual linguistic representation of these vowels as is that provided
by the acoustic data. Figure 9.5 compares data on the mean frequencdies of the
first two formants in these same vowels with the articulatory representation of
figure 9.4. In this figure the frequency values are scaled so that equal distances
aiong either axis more neaxly corrsspond to equal perceptual distances {using
the Bark scaling techniques proposed by Schroeder, Al and Hail 1979} The
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Figure 9.4 Themean tongue positions in American English vosvels measured in terms of the distance
of the highest point of the tongae fom the 100f of Lhe mowsh, The lowering of the soft palate that
takes place in low vowels has been taker into account in the placsinent of the points on che dght of
the figuze,

frequency of the first formant, F1, is plotted against the difference between the
frequencies of the second and first formants, £2-51, and the scale on the ordi-
nate i double that on the abscissa, 50 as to give appropriate prominence to Fl
and make the plots more in accord with the anditory judgments of profes-
sional phoneticians. The origin of the axes is o the top right of the plot. The
acoustic representation corresponds more closely to the anditory phonetic de-
scription in terms of height and backness than the arficulatory plots in figures
9.2-34. Note, for example, the way in which the low vowels = and a have
approximately the same height, and the vowels 1 and u ave slightly forward as
they are in American English. There are some notable discrepancies between
the acoustic plot and the traditional linguistic classification. In particuiar the
vowels  and v, which are iraditionally classed as high, are acousticaily closer
to the mid- vowels e and o rather than to i and u. But this plot dees place the
expected vowels at the appropriate corners of the space.

Recognition that the placement of vowels on an auditory chart such as the
one in figure 9.1 is supported more readily by acoustic than by articulatory
measurements does not mean that articulatory scales can be discarded in the
phonetic description of vowels. The first and second formant frequencies do
not reflect only the properties that are described as Height and Backness. In
fact, many articulatory adjustments contribute to the values of these aconstic
parameters, one of the most important being the effect of lip rounding. As will
become clear at several peints in the remainder of this chapter, formant values
often distinguish between pairs of vowels which would be said to have the
same Height and Backness. It is important therefore to pay aftention to both
articulatory and acoustic aspects of vowels.
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set of American English vowsals,

Vouel height

All langlages have some variations in vowel qualily that indicae confrasts in
the vowel height dimension. Even if a language has only two phonologically
contrastive vowels, the differences will always be in this dimensiorn rather than
the front-back dimension. Thus, n native vocabulary, the Chadic language Margi
has & aand the Australian language Eastern Arrernte haso, 4. Among the Cau-
casian languages, Ubykh and Abkhaz have only two phonological vowel
heights, with the contrasts usually represented as » and a (Catford 1977b).
None of these two-vowel languages make any phonological use of the front-
back, or the rounding, dimensions in their vowe! systems. The same is true of
some of the other Caucasian languages, such as Kabardiar, which have three
phonologically contrastive vowels {not, as far as Kabardian is cancerned, two,
one or Zere as suggested by Kuipers 1950, Anderson 1978 and Halle 1970 re-
spectively).

In all these cases of languages that have only height differences, there are
also very obvious differences in the front-back dimension, sc that o the casual

observer it might appear as if the language used a wider rangs of vowel quali- -

ties. Figure 9.6 shows the distribution in the F1/F2 space of over 100 tokens of
Arrernte /9/ spoken by 2 female speaker. The formants were measured from
spectrograms ar the vowel mid-point in word-medial CVC syliables with
stops. The data points are mostly plotted with symbols that indicate the pre-
ceding consonant, as there is some correlation between the preceding conso-
nant and the vowel formants.

However, although figure 9.6 shows that there is much variation in the
acotstic guality of the 2 vowels, this variability is for the most part
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Figure 8.6 Seatter of values of F1 and ¥1 for /a/ in Eastern Arremte,

uncorrelated with particular consonant enwvironments. The tendency for the
mid-point of the vowe! to be influenced in any consistent way by the place of a
preceding consonant is quite weak, as is shown by the plot in figure 9.7, This
shows the mean for each of the consonant environments for which ten or more
tokens were measured. As is apparent, the means le very close together in
figure 9.7

As another example, figure 9.8 is a formant plot of the allophones of some
Kabardian vowels analyzed by Choi (1991). As is shown by the location of the
points on the chart, this language has a wider range of vowel qualities than is
indicated by the use of just three syinbols that represent only differences in
vowel Height, but only certain consonant environments show significant ef-
fects on the vowel formants. The main variations within each vowe! type aceur
because the approximangs j and w {(and labialized consonants} have assimila-
tory effects on the neighboring vowels, and because wvular and pharyngeal
consonants (absent in Arrernte) have marked lowering effects. All these differ-
ent qualities are predictable allophenes of the three vowels, i, 3, a. It is also
clear, as Choi {1991} points out in discussing this analysis, that Catford {ms in
preparation) {and many Enguists in the former Soviet Union) are correct in rec-
ognizing 8 as a third vowel. In Chai's view a is a long vowel that could be
written a;, but it is a separate phoneme, and cannot he considered to be an
allophone of @ as suggested by Kuipers (1960} and Halle (1970}

Variations in vowel quality offen involve ali three of the primary dimen-
sions, Height, Backness, and Rounding. This sometimes makes it difficalt to
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Figure 5.9 The relative phonstic gualities of the four front uercunded voswels of Danish, based on
Thdali {1933).

Taile B3 Words iustrating fouy degrees of vowel heightin Danish

vilz “wild {pl}’ vi:la “reg vi:das know”
mens  remind’ O TES ‘mean (vh) ve:da “wheat’
lesa ‘load’ fss ‘read: verfia wet (v
MAss  “masy maisas mash” va:ia ‘wads

deade how many distinct levels of Height there mav be in a particular lan-
guage. Bearing this in mind, we will consider how many levels of Height are
used in the world's languages. Some linguists (e.g. Chomsky and Halle 1968)
have suggested that there are only three (although, of course, these linguists
recognize other dimensions which they use for representing what we regard as
simply variations in Height). Jones's (1956} Cardinal Vowel schemne makes ref-
erence to four particular levels of the Height dimension, but has provision for
more possibilities. The full set of vowel symbols recommended by the IPA
{1989) implies that there are seven levels. We doubt that any language uses this
full range; but there are dearly more than three levels of the auditory property
Height.

Evidence for the possivility of more than three contrasting vowel heights
comes from Danish, in which there are four front vowels that contrast simply
in vewel height. Examples are showr in table 9.1, it is noteworthy that at each
of these four vowet heights there is also a contrast between a short and a long
vowel, which de not differ appreciably in quality. These vowels are even more
interesting because it is quite clear that they are not equidistant. Uldall (1933}
represenis them as shown in figure 9.9, Thereis a much larger gap between the
vowels represented here by e and a than there is between the vowels i and e
This raises the possibility that there might be 2 fanguage with five vowet
heights.

Traunmiller {1982) has suggested that the Bavarian dialect spoken in
Amstetter, Austria, might be such 2 language. In his analysis this language has
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Figure 310 The mean formans freguencies of the long vowels of eight speakers of the Amsteiten
Haleet of Bavarian {data frum Traunmillier 1982},

four front unrounded, four front rounded and four back rounded vowels, in
addition 1o the low central vowel & Traunmailer conducted a controlled study
in which he recorded a number of speakers of this dialect, and measured the
acoustic characteristics of the 13 long vowels so as to obtain an indication of
the fraditional Height and Backness vajues. The mean formant frequencies of
eight of his speakers {as reported by Disner 1983} are shawn in fgure .10, We
have not oursalves investigated the vowels of this dialect of Austsian German,
and so we cannot say whether there are anv other faciors involved which
might lead to it being possible to describe this language as having fewer than
the five vowel heights that are apparent in figure 2.10.

Front-back varigfions in vowels

The languages of the world make much more limited use of the frontback and
rounded-unrounded dimensions, which usually support no mere than binary
oppositions. There are not many cases of a language with three vowels that
condrast just by being frond, central and back, with all other features remaining
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Tabiz 3.2 Words iHlustrating high vowels in Nimboran (based on Anceaux 1965)

FronT CENTRAL Back

di “urneid duu
“wiond’ “harana’ “chile

ki ki o
“wTRAn” “frarpe ‘Hrie, day’
kip kip ‘pakiupn
“Hre “iime’ “lagd

Table 5.3 Words iHustrating contrasting fFront, central and hack vowels in Nweh {fom Ladefoged
1971}

Faoner Ceormas, Brow
Rotmepm nty mbu
“advise’ SRINETS”
Mo
mibi b
“cowriss’ “dog’
LivmouvoeD
mbe nfs= mby
B g’ “whaker Tvory” Wi

the same. One possibility is Nimboran, a Papuan ianguage. Anceaux {1963)
describes this language as having six vowels which he symbolizes i, e, 2. o, u, ¥.
He notes that "al: vowels are unrounded and voiced. They contrast in tongue
height and tongue placement.” The vowe! t “is a voiced high close fromt
urrounded vocold.” His y {for which he says “the symbol ... has been chosen
quite arbitrarily and for practical reasons oniy”) he describes as “a rather lense
volced high close central unrounded vocoid.” We would transcribe this vowel
as & He describes his u as “a voiced high close back unrounded voceid ” which
we would transcribe as . It would therefore appear as if there were three hi gh
unrounded vowels contrasting only in backness in thig ianguage. Examples
{from his data, but in our transciption) are shawn in table 9.2.

There are a number of other cases such as that in Nweh (Ngwe), illastrated
i table 9.3, where it is cerfainly convenient to pestulate the existence of a cat-
egory central, which is neither front nor back. The situation in Nweh is compli-
cated by the fact that Dunstan (1964) has shown that the surface vowel v is
unclerlying § and the surface vowel o is underlvingly ¥, so the surface contrast
between the mid vowels e, 3, and v does not involve a three-way phonological
opposition. But even taking this into accpunt there is stifl & phonological con-
frast between front ), central i, and back uand ¥,

Another language which can be said fo have a three-way contrast in the
front-back dimension s Norweglan, described by Vanvik {1972) as having
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e

Thnir 34 Words iBushrating contrasting frong, central and back munded vowsis in Norwegian

s
Fraorer Crhirnal, Back
s,
Hics, roUnsEs by: b hu:
‘towns’ ‘shack’ Hve

Table 8.5 Words Hliushafing Swedish high fron: vowels varying in lip positior. ¥ has (horizontal;
lip rounding and protrusion; a has (vertical) Hp compzession

ProTRURON ComMPRESSHON NEUTRAL

ry:ita “yoar ri:ta  window pane’ ritta “draw’

three high rounded vowels as shown i table 9.4. Consideration of 2 number of
very different cases, such as Nweh and Norwegian, leads us to conclude that it
is probably appropriate to recognize a front-back dimension containing three
major phonetic categories: [front], [cenirai] and {back]. There are also phono-
logical reasons for saying that in languages with systems containing Bve vow-
els, and in many of those with systemns containing sever vowels, the lowest
vowel is neither front nor back, and should be regarded as centzal. This is often
the posifion taken int descriptions of the vowels of Italian. It 15 arguabie tha: a
simiiar situation obtains in English with respect to the starting points of the
diphthongs in high and hiow. For many peopie these diphthongs have the same,
or very similar, starting points. A generalizaton is lost if the Inadequacies of
the feature system do niot allow one to say that both these diphthongs start
with a low central vowel.

A rather unusual acoustic correlate of the front-back parameter oocurs in a
variety of | in Swedish, whick differs from the more usuzl varieties of 1in that it
is made with the constrichon even further forward. This effect can be achieved
by slightly lowering the body of the tongue while simuitanecusly raising the
blade of the tongue {Ladefoged and Lindau 1389), and we suggest that this
may occur in the wsual Stockholm Swedish pronunciation of this vowel
Acousticaliy this pronundation is characterized by having a very high F3, and
an F2 which is lpwer than that in e, This provides another Instance of the need
to consider acoustic and articwlatory facts together in the analysis of vowsels.
This Swedish vowel is ibustrated in tabje 8.5,

Lip position

The great majority of the world's languages have a predictable relationship
between the phonetic Backness and Rounding dimensions. Fron: vowels are
asnally wirounded and back vowels are usually rounded. Flowever, as shawn

T n e
Vbioels nen

Thbie 9.5 Words Bustrating the vawels of Vietnamese (mid level kome unmarkad)

EpoNt Barx
LNROUNDED FOLINIED

HicH st by fu

Trarezu” “FomartR’ “to drink
WD-HIGH te ty te

TR “silic ‘soup bow]”
Rl t& A5 £

“ter fall down’ favor” Tharge
Licwe 3y ti

o eat” T o

above for Bavaran Germar, front vowels with a rounded lip position also oc-
cur. I addition, back vowels without lip rounding can ke found, sometimes
simply because a language has relaxed the linkage between Backness and
Rounding (as for the high back vowel of Japanese), but alsc on occasion be-
cause rounded and anrounded vowels are independently contrastive within
the class of back vowels, as in. the Turkic ianguages Chuvash and Yakut. Viet-
namnese has some notable contrasts betwesn back rounded and unrounded
vowels, as shown in table 9.6.

Rounding and Height are aiso related in that higher vowels are usually more
rounded than lewer vowels. Al of these matters concerning lip position can be
lustrated with the data in figure 9.11, which shows the lip position of the ten
vowels of laal taken from a videotape of a speaker pronocuncing isolated
words. Each vowel in this figure is represented by she frame with the maximal
gesture of the lips for the vowel. The three high vawels |, v, n illustrate a round-
ing contrast independent of backness. The four higher mid-vowels e, o, o, v
extend this independence to include a back unrounded vowel. The lip aperture
is markedly smaller for the two high rounded vowels (u, v) than for the two
aigher mid-rounded voweis (g, 0}, and the rounded low vowel 2 has an even
greater aperture. The three more open vowels , &, 5 all have relatively open
lip positions. Nonetheless, she lips are visibly rounded for s ina way thatis not
50 for # and a,

There are exceptions to this general refationship berween Height and
Reunding. Sometimes the deviations are comparatively small, as ir the case of
gil’ British English 3, which has been described by Jores (1956) as having lips
“more closely rounded than for Cardinal 5.7 But in other languages there is a
considerable discrepancy between the Heigrs and the degree of rounding. In
Assa‘mese there are two low back vowels, one of which sounds like British
English @ as in ‘father’, and probably has similar tongue and lip positions to
that vowel, The other Assamese low back vowel has a stightly different tongue
Position —more like that of British Bnglish » as in "caught’ ~ but is accompanied
by close lip rounding like that in Cardinal u. '
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@ a T
Figure 311 Lip positions for ten wvowels of lazi: Lin 5 "e’, yin vy ‘dispate’. win kel "fall down', e
in sef ‘Bshing net’, ¢ in meak 557, 0 in of Tobster”, v in vt ‘rooking pot, 2 in mask ‘heavy’, ain st
woanded person’, and o In oo ‘oven’,

Apart from the small number of ‘over-rounding’ cases such as Assamese,
most languages have vowels which can simply be classified as rounded or
unrpunded. Even in Assamese, the rounding of p seems 10 be of the same na-
ture as in other vowels. However, there have been suggestions that there could
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be more than one distingt type of rounding gesture. A possible case occurs in
Swedish, in which there are three vowels which are all high and are ail front,
but which have different lip gestures. Examples of these vowels are shown in
table 9.3. The symbola in this table is used to specify a high front vows], rather
than a high central vowel, which is iis defined TPA wvaiue (and which is the
value it has in transcribing Norwegian vowels in table 9.4). The precise quality
of this vowel has been ar issue for many years (Sweet 1877, 1879, Malmberg
1951, 1556). As Mahnberg (1951} notes: “This vowel has caused trouble for
phoneticians for a long time .. It may perhaps be best characterized by saying
that it combines the half-close tongue position of e with a very special
labialization {the lips are not protruded as much as for y but are coniracted in a
very Characteristic way}” (Malmberg 1951: 46; our transiation). Fant’s x-ray
data on these vowels, which have been reproduced in small size in many pub-
Heations (e.g. Fant 1973: 11), are reproduced here in figure 9.12 in a larger size.
The evidence they provide is not entirely in agreement with Malmberg's 1951
account At least for this speaker, v is much higher than the mid vowel e The
three vowels L yi u have similar {although not identical) tongue positions; y1
kas a more open and more profruded lip position; # has 2 fairly close approxi-
mation of the upper and lower lip, but without protrusion. In measurements of
labial gestures of eight speakers of Swedish, Linker {1982} found thai the same
distinctions applied to her subjects. McAllister, Lubker and Carlsen (1574),
who came o a similar conclusion, also note that these high vowels have a con-
sorantal offglide in Swedishy; the offiglide for y is the protruded semivowel g,
whereas u has an offglide that they symbolize 8. Vanvik (1972) alsc noted thatu
and # In Standard Norwegian share the same lip position, whereas the third
vowel ¥ has protrusion.

Al these observations, together with our own investigations of these lan-
guages, lead us to conclude that there are two lip position parameters for vow-

- els, vertical lip compression and protrusion. In most languages these param-

eters are implemented jointly {and, also, linked to the frent-back dimension),
and it is sufficient to distinguish rounded (either compressed or protruded)
vowels from unrounded vowels. In a small number of languages the two pa-
rameters are independently controlled. Some languages may choose to use lip
campression rather than the forma of rounding that has lip protrusion. Fdwin
Pulleyblank (personal communication} notes that Japanese u can be regarded
as having compressed lips Tather than being simply unrounded. This vowel
shows its labiality by the fact that it alternates with w in verbal inflections.
Palleyblank also riotes that the Japanese allophone of k that oceurs before u is
bilabial §, with what we here call compressed, rather than protruded, iips. We
have not investigated the acoustic characteristics of lip compression, They are
presumably similar to those of lip rounding and protrusion insofar as any de-
crease in lip aperture fends o lower all formant frequencies, but compression
end protrusion: differ with respect to their distinct effects on the length of the
vocal fract.
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Figure .13 Yeray tracings of Swedish high front vowels differing in lip positon. y has {rorfzontal} lip
rounding and protrusion; ¢ has [vertical) ip compression {based or data In Fant 1873}

Table &7 The major features of vowel quaitty

HegHt Backness Hounoig

COMPRESSION PREFTRUSICI
high] Hrong] feommpressed] iprotnsded)
imic-high] feentral] iseparated? iretracted)
frnidj iback]
Irnid-low]
Howl

Table 9.7 summarizes the major vowel features and the major phonatic cat-
egories possible within each of these features. It should e noted that H_ei gh&
and Backness are muli-valued, and cannot be adequately represented in bi-
nary {£rms.

The features and categories listed In table 9.7 might be taken to imply that
there are 5 x 3 x 2 X 2 = 60 possible vowels differing only in the values of the
major features of vowel guality. However, a number of combinations are so
unlikely to occur that they might well be considered to be impossible. For
exarnple, there is no known langnage, and almost certainly could net be a ixa.n‘m
guage, which contzasts four lip positions among front low vowels; and it
seems equally uniikely that there could be a Janguage that contrasts five de-
grees of height among back unrounded vowels. It follows that the vaiues
shown in table 9.7 substantiaily over-represent the phonological possibilihes.

They do not, however, aliow for all the phonetic possibilities. In order o
desaribe phonetic differences among vowel qualities that occur in diffgrent
languages, a far greater number of distinctions must be considered. Disier
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Figare 5.13 Mean formang irecuendes of the vowsels of Yoruba and Halten Jased on data in Disner
1583}, '

(1983}, for example, has shown that there are many small phonetic differences
among the vowels that occur ir differert languages. Using her work,
Ladefoged (31984) discussed systernatic phonetic differences betwesn two 7-
vowel languages, Italian and Yoruba, both of which have vowels that may be
represented as i, €, £, a, 2, 0, w. The mean formant frequencies of 25 speakers of
Halian and 10 speakers of Yoruba are shown in figure 9.13. I this figure Italian
vowels are marked by + and Yoruba vowels by *. The vowels of Halian are
relatively evenly distributed; but in Yoruba e and o are much closer to i and u
than to e and o respectively. The uneven distribution of the Yoruba vowels
may be atfributed to historical facts concerning the way in which the voweis of
the original 9- or 10-vowel system (Fresco 1970) have merged to produce the
current 7-vowel Yoruba system. The earlier systern may have involved an ad-
ditional vowel parameter, the position of the tongue root (x ATR), which we
will discuss later. Synchronically, however, Yoruba vewels can be described
using only the major features of vowel guality which we have been discussing
i the preceding sections. The set of terms given in teble 9.7 is adequate for
specifying the phonological confrasts within each of these languages, but not
for discussing the phonetic differences between them.
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Tabde 5.8 The minor features of vewsi quatity

{1} Masalization {3)  Voiceless
! Breathy
{Z3 Advanced Tongue Root Slack
Fharyngealization i SHEF
Stridency Creaky
Rhotadzation {4] Long
Fricative Diphthangal

9.2 Additional Vowel Features

The Yoruba and Italian differences, and many similar variations in vowel
quality such as those among Germanic languages discussed by Disner (1983),
are all examples of variations in the phonetic vatues of what we have called
major vowel features. We will now turn to other ways in which vowels differ,
considering mainly how these additional vowel properties may be used to
form phonological contrasts within a language. We will refer 1o these addi-
tional properties of vowels as the minor vowel features. Table 9.8 lists a
rumber of additional properties that have been observed. As may be seen,
they fall into four groups. The first, and by far the most commonly found of the
minor vowel features is nasalization. The remaining addifional vowel features
fall into three main groups: those that invelve special gestures of the tongue
and associated structures; those that involve different phonation types; and
those that involve differences in the time domain, producing variations in
length and diphthongization.

Nasalized vowels

The most common minor vowel feature is nasalization, with more than one
ianguage in five using this possibility {Maddieson 1984a). The most frequent
nasalized vowels are i/ &, §, the counterparts of the most frequent oral vowels
i, & #. Nasalization appears tc be a binary feature from a phonological point of
view. But there are surface phonetic confrasts between oral, tightly nasaiized,
and heavily nasatized vowels in some languages. This usually ccours when a
language with a phonological contrast between oral and nasalized vowels in
addition has oral vowels that are contextually nasalized when adiacent fo 2
naszl consonant. An example is shown in figure 9.14, (after Cohn 1998) com-
paring the nasal flow patierns of the French words bannet, nounstie, and ron-
éire ('cap’, ‘young muy, ‘non-entity’). The volume of air ficwing through the
nose can be taken as a measure of the degree of nasality when there are compa-
rable oral arbiculations. Vowel (1) is an oral vowsel before a nasal consonant,
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Figure 5,14 Records of nasal flow in threa French words bonnel, nomnette, and mon-éire {'cap’, ‘young
acn’, ‘non-endily’), showing the difference between oral, contextualy rasatized and phonclogicaliy
naselized vowels [based on data in Cobn 1930},

il

h & a R a & h & &

& 108 250 WG 0 (30 HC 300 400 noo1an 2f‘}D 300 400 ms

Figure 875 Specirograms of the three Chinantec words in table 4.9

resuiting in the last part of the vowel being contextually nasalized; vowel (2) is
considerably more nasalized, as it is between two nasal consonants; but it is
not as nasalized as vowe! (3}, a phonologically nasalized vowel, in the same
context.

Using surface phonetic conirasts such as those shown in table 9.9, Merrifield
(1963} and Ladefoged {1971} noted three degrees of contrastive nasality in
Patantla Chinanter, which were described as oral, lightly nasalized and heav-
ily nasalized. This claim was supported by airflow data (recorded by W. 5-Y.
Wang and Peter Ladefoged; unfortunately this data Is so longer available}
showing that there was a higher maximum rate of nasal airflow in the fully
nasalized vowels than in the lightly nasalized vowels, Auditory and acoustic
analysis of such items show clear differences between the two types of nasal-
ized vowels in the relative timing of the onset and offset of nasality. The vow-
els that were described as lighily nasalized are in fact audibly nasalized
through only the latter part of their duration. Figure 9.15 shows spectrograms
of the words in table 9.9, In the first word, with a fully oral vowe), the first two
formants are very close together with the center between them being at about
1060 Hz. Both these formants are of approximately squal intensity. At the be-
ginning of the second word the first two formants are in the same position, but
the first is weaker than the second due to the incidence of a nasal zero. The
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Table 5.5 ‘Words dlussrating contrasts among oral, partly nasalized, and nasalized voweis in
Falanils Chinantac

h&a “so.suck” hA& fhe)spreads oper hWA3  foam, Aol

third formani in this word moves up as the nasalization increases. In the thirg
word the third formant is high from the beginning, and the first formant is
even weaker, indicating that this word is fully nasalized throughout. The see.
ond of these three words can thus be seen to consist of 3 movement from a
vowse] like that in the first word {ollowed by a vowszl that is more Jike the third,
A better description of the three Chinantec contrasts might be as being be.
tween oral vowels, oral-nasal diphthongs and nasalized vowels.

Advanced tongue oot

There are fashions in the descripiions of vowels, resulting in some of the terms
in table 9.8 being maore discussed at certain times than others. For the last dec-
ade or so, the most discussed of the minor vowel features has been ATR {Ad-
vanced Tongue Root). For many vears before that it was the Tense/Lax oppo-
sitiony; and earlier still, at the end of the last century, dichotomies such as Nar-
row/Wide and Primnary/Wide were used. Thexe is some overlap in the usage
of each of these terms. We will begin by considering sets of vowels that can be
said o differ in ATR; later we will compare these vowels with those that are
said to be Tense as opposed i Lax.

Many West African languages have vowels that differ in the position of the
tongue root (Ladefoged 1964). This difference is often most obvicus in the case
of high vowels. Tracings of the vocal tract shape in Igbo high vowels as shown
by x-ray cinematography are given in figure 3.16. In each of these pairs the
height of the tongue is very much the same. This is true brrespective of which of
the two classic measures of fongue height :s used, the location of the highest
point of the fongue, or the height of the tongue body as a whole. Clearly, the
most stetking difference is that the root of the tongue is more retracted in the
one case than in the other.

Ancther language in which there are two sets of vowels differing in ATR s
Akan. Diagrams of the vocal tract shape (redrawn from data in Lindau 1975)
are shown in figure 8.17. As Lindan has pointed out, in this language {and
probably in most langitages o which ATR distinguishes two sets of vowels),
the difference is not simply in the tongue root gesture, but in the enlargement
of the whole pharyngeal cavity, paztiy by the movement of the tongee root, but
also by the lowering of the larynx. Lindau suggests that the term Expanded is
the most appropriate name for this feature. The lowering of the larynx some-
times resuits in these vowels having a shghtly breathy quality.
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ighs orthography ) heart; | asin &b {bf)poveriy of ability’; n as in i B {7bd) “weight'; and ¢ as in
ohiy {phy) "5, Inaccordance with corrent [P4 usage | end | ase wsed to indicate Advanced and
Retracted Tongue Root, respectively

Figre §.37 The articuiatory positions in nondow vowels of the Akyem dialect of Akan, based on
Lindaa (1973} Front vowels are in the left panel. back vowels in the right panel. Advanced Tomgue
Bootvowels ere showrn: by the lighter lines. The positions fox the lips are estimnated.

Acoustic analysis also shows why retvacted tongue roct vowels have some-
times been described as having a difference in voice quality {e.g by Berry 1955).
Figure 9.18 shows the spectra of a pair of Degema vowels with similar formant
frequeencies, the refracted wongue root front vowel {, and the advanced tongue
foot front vowel §. The auditory quaiities of these two vowels are similar; but
the advanced tongue root vowel sounds “brighter’ because of the greater
amount of energy in the higher part of the specirum. There is a noticeable dié-
ference in the bandwidths of the formants; those of the advanced tongue root
vowel are narrower, probably becausa there is greater tension of the vocal frac
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Frgure 8,18 Spectra ofthe Degema vowelsi and 1

walls and fewer acoustic losses in the reglon of the resonances. This would alse
add to the ‘brighter’ tone of this vowel Similar differerces In bandwidth hayeﬂa
bheen foend with ATR contrasts in Akan {Hess 1392}, However we should
point out that in most cases that we have heard, the West African languagss
using ATR do not have markedly different voice qualities.

Tense/Loy and ATR

The Akan vowels in figure 9.17 also differ in the height of the tongue in
the front part of the oral cavity. This leads us to consider whether the differ-
ences between [+ATR] and [~ATR] vowels are the same as the differences be-
fween so-called Tense and Lax vowels, which may also differ in both the
height of the tongue and the pesition of the root of the tongue. There are diffes-
ences of this kind in Germanic languages, as exemplified by pairs of Enghsh
words such as hesd-hid and bait-det. Following Jones {1956) and a long British
tradifion, we regard the members of these pairs of vowels as being
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Sigrre 313 Xeray tacings of the erticatatory positisns i some so-calied Tanse/ Lax paizs of vowels
in English (redraswr from data im Perkel] 1969).

Figwere .20 Xray bracings of the articulatory pesitions in srae so-called Terse Lax paizs of vowels
m Germman {after Boila and Valaczhad 1988),

distinguished by variations of the major vowel qualities, Height and Backness
{and perhaps Rounding). We note, of course, that the differences may involve
diphthongization implemented through varfation in Height and the members
of each pair also differ in length. But we do not find it necessary to consider
any additional parameters such as tenseness,

We recognize, however, that there s also a long tradition In which these
vowels ate considered as being distinguished by the feature Tense (e.g by
Bloch and Trager 1942, and by Chomsiy and Halle 1968). Tnis leads us to con-
sider two related questions that might be asked at this point. Firstly, are we
correct in our phonetic characterization of these vowsls as differing only in the
regular vowel dimensions of Height and Backrness {and Reunding), phas
wength? Secondly, are ATR variations the same as Tense/Lax variations? We
van get a partial answer to these questions by comparing the vocal tract shapes
shown for the Igbo vowels in figure 9.36 and the Akan vowels in Hgure 9.17,
with the pairs of English vowels shown in Sgure 9.19 or the pairs of German
vowels in figure 9.20. In Igbo and Akan the fongue height is not correlated with
the tangue root position. In English the position of the tongue root is correlated
with the tongue height (more so for the back vowels thar for the front). In
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German the same s fue of the back vowels, but in the front vowels what dif.
ference there Is in root position would favor the so-calied lax vowel having a
more advanced tongue root. There Is no omenon setting of the tongue root for
the so-called lax vowels that distinguishes them from the so-called tense vow-
els. This conclusion is supported by statistical analyses of tongue shapes, in
which it has been shown that the sagittal position of the tongue in sets of Erg.
fish vowels containing the Tense/Lax pairs can be specified very completely
by reference to only two variables {Harshman, Ladefoged and Goldstein 1977,
Ladefoged and Harshman 1979} Using similar techniques, Jackson {31988) has
also substantlated the finding that in English there does not appear to be a
separate control of the root of the tongue; but he did #nd that there were three
independent parameters of fongue shape in Akan. Tiede's (1993) three-dimen-
sional study of pharyny volume using MRI shows further differences betwesn
Akan and Engiish. In the pharyngeal region below the epiglottis, Akan shows a
positive correlation between the transverse width of the space and tongue roct
advancement, whereas In English fransverse width is negatively correlated
with advancement. Accordingly it seems that the situation in English (and
other Germanic langlages) 1s riot the same as that in West African languages,
Although there may be zome increase i the height of the tongue accompany-
ing the agvancement of the tongue root In Akan, the changes in tongue height
are small in comparison with the expansion that occurs in the pharyngeal re-
gion, Furthermore, on some occasions there may be virtually no increase in
tongue height for [+ ATR] vowels, as is shown In the case of the Igbo vowels in
figuze 9.16. We concinde that the advancement of the tongus oot is a sepaza-
ble tongue gestare in langaages such as Igho and Akan In Germanic lan-
guagres, however, It Is simply one of the concomitants of vowel Height.

if the advancement of the ongue roout is an independent gesture that can be
learned as part of the sound pattern of a langeage, then it must have observ-
able acoustic consequences that distinguish it from all other possible ways of
achieving similar acoustic effects,

Lirdau (1979} has also pointed out tha! there are differences between ATR
and Tense/Lax characterizations of vowsels in the acoustic domain. Figure 9.21
shows the acousbic characteristics of ATR differences in & number of lan-
guages, The Akan data is from Lindau {1979, the Dholuo from Jaccbson
{1978}, and the remaining Janguages are from our own iles. It may be seen that
i virtually ail cases the [+ ATR} vowel appears to be raised and advanced In
the acoustic space. The only exception is the Ebira lower mid back vowel
which is ratsed, but only very skghily advanced. Among front vowels, pairs of
vowels differing in ATR have formant frequency characteristics that are remi-
niscent of so-calied tense-lax paizs of vowels in Germanic languages, such as
English beasd-bid; bade—bed; both refracted tongue root vowels and the lax vow-
els are lowered and more centyal in the acoustic space. Among front vowels
there 15 this paraliel between [+ ATR} and [-ATR] tongue root vewels on the
one hand, and Tense and Lax vowels on the other, bu? among back vowel pairs
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there is no such parailel. The high back reracted tongue 100t vowel is alwayg
farther back than its counierpart, rather than further forward, as is the case for
the traditional lax back vowels. Lax vowels of all kinds are normally taker 1
be more cenfralizad. Retracted tongue root vowels do not always have this
characteyistic.

Pharyngealized vowels

Arciher gesture of the tongue root involves its active retraction rather than
advancement. This gesture takes several different forms, resulting in vowels
that are variously called pharvngealized, epigiottalized, sphincteric or stri.
dent. Among the languages which have besn described as having
pharyngealized vowels is Even, a Tungus language of North-Central Siberja
(Novikova 1960). This language has two sets of vowels as exerplified by the
words in table 9.20. The vowels in the sef labeled pharyngealized ail have a
narrower pharyngeal passage and a raised laryroc TFracings of x-rays of the
voral tract shape in these vowels are shown in figure 9.22. {As drawn in the
originals these tracings imply that all these vowels are nasalized. That seems
unlikely, and we do not know what to make of it. Obviously, we should be
eautious i fully accepting the validity of the rest of the indicated vecal fract
shape} There is considerable similarity between these pairs of vowels and
those we have been discussing in Akan. Furthermore, it is interesting to note
that the two sets of vowels in Even also constitute vowe! harmony sets in much
the same way as the two sefs in Akan: roots must contain vowels that aze all of
ane set or the other.

Despite these similarities, both the examination of the x-ray tracings and
Novikova's comments on the acousiic characteristics of these vowels suggest
that there is a greater degree of pharyngeal narrowing in Even than in Akan,
We will therefore consider these wvowels toc be characterized by
pharyngealization rather than by ATR. Voweis with even more retraction of
the tongue root occur primarily in two language families: Caucasian and
Ehoisan. In Caucasian languages such as Tsakluir and Udi each of the five
voweis |, e, 4, ¢ u has a pharyngealized counterpart (Catford, ms in prepara-
tien). Tealdwr also has a sixth vowel, which Catford symbolizes ¥, that has a

Tabiz £.28 Words illusirating piain and pharimgealized vowsls in Even {Novikova 1968)

Frain THARTNGEALIZED

ish Cphacked” Pslif ‘reached’

us SWEARENE u's it

o “summit 2§ ‘dothing
akan ‘mtder sister’ ckan  olderbrother”

Vowels
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Figare 8,22 Xeray tracings of plain and pharvigealized vowels in Even (based on data in Novikova
1960

pharyngealized counterpart (and Udi has three other vowels that do not have
such counterparts). Catford reports formant frequencies for all these vowels.
The most noticeable point in the acoustic structure is that the fequency of the
third formant is markedly iower in the pharyngealized vowels. The frequency
of the first formant is also somewhat higher.

X-rays of Tsakhur and Udi pharyngealized vowels are shown in fgure 9.23.
In  addition Gaprindashvili (1966} has published some x-rays of
pharvngealized vowels in tweo different dialects of Dargl. These all show that
there is considerabie narrowing in the pharynx near the tip of the epiglottis.




Figure 323 Xeray acings of plain and pharyngeatized vowels in Tsakhur and Uds (based on data in
Catford ms in preparation, and Dzheranishvili 1455).  The original sources are not completely ex-
plicis, bust the dashed lines presumably represent mised porions of the sides of the tongue.

Talle 9.11 Additional vowsl properties in IXde. (See text for an explanation of the phonetic
notation}

Pram kidsa ‘cameithomn Tes’
PHARYNGEALIZE) gi'a lengags’
SYRIDENT lao “Base”

BREATHY VoI TED kizo “slape’

What is equally interesting s that the whole front paxt of the tongue is bunched
up, with a pronounced hollowing of the part of the tongue below the uvula.
This results in the vocal tract having three cavities rather than just the usual
front and back cavities produced by a single constriction. As Catford {1988a)
has noted, a similar vocal tract configuration alsc cccurs in some American
English rhotic vowels, which like the Caucasian vowels, have a low F3.

There are also pharyngealized vowels in some of the Khoisan languages. In
these languages only the back vowels a, o, u have pharyngealized counter-
parts; but there are additional contrasts among vowels (which we will discuss
later), as shown for the vowel a in table 9.11. Traill (1985) has given good
descriptions of all these sounds. Figure 9.24 is based on tracings from his
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Figure 315 Spectrograms of the word qas as porcunced by fout speakers of X650, showing a
pharyngealized vowel, followed by a nen-pharyngealized vowel.
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cing-radiclogy film of a speaker of tXé8, showing 2° and o {3 and 9 in his tran.
scriptiony we follow IPA practice in using ' for pharyngealization, keeping the
subscript filde for indicating creaky voice). The tongue positions for the plain
back vowels a, u are also shown. It may be seen that there are considerable
overall differences between the tongue shapes of the pharyngealized and non-
pharyngealized members of each pair, very noticeably 2o in the case of the high
vowel o, In fact, as Traill notes, on the basis of the tongue shape slone i would
be difficult to regard v¥ as being in any sense a high back vowel; the ressons for
symbolizing it in this way are largely auditory and phonological.

The auditory and acoustic effects of pharyrgealization in IX&66 do not seem
to be the same as in the bwoe Cancasian languages. We have heard recordings of
all these languages, and have ourselves worked with speakers of 1Xao and
other Khoisan languages. Figure 9.25 shows spectrogyams of the word gafs as

ronounced by four speakers of X648, This word is especially interesting he-
catige it contains two vowels that are the same except for the pharvngealization
that occurs on the first. The acoustic effects of pharyrgealization are cbsery-
able in enly the first past of the word. The lowering of the third formant is
similar to that reporied in the Caucasian langnages; but in the Khoisan exam-
ples, there is also a considerable raising of the lower formants, accompanied by
a diminution of the energy around 400-700 Hz. This is comparable to the
acoustc effects seen in pharyngeal consonants and discassed in chapter 2.

Strident vowels

The Khoisan pharyngealized vowels that we have been discussing so far are
not the so-valled strident vowels of these languages. Tratll {1985) suggests that
the strident vowels may be regarded phenclogically as pharyngealized
breathy voiced vowels. He goes an, however, to emphasize that the vocal tract
shape is not the same ag in the pharyngealized vowels, and the laryngeal acfion
is very different from that in breathy voiced vowels. If is dear that zom a
phonetic point of view strident vowels are best considered as involving & dis-
tinct articulatory mechanism of their own, which he has labelled “sphincteric’
(Traill 1986).

Traill {1985, 1986) has provided a great deal of valuable data on these vow-
eis. Figure 9.26 shows, in addition to the plain and pharyngealized vowels dis-
cussed above, the sirident vowels which, for want of better symbols, we will
represent by a and ¢, Traill, in accordance with his phonological analysis, tran-
scribes them as ah and oh, B is clear that the whole body of the tongue s much
lower for the sirident vowels. In addition the back wall of the pharynx, whick
is shown by the dashed line, is drawn forward, and, “the epiglotiis vibrates
rapidly during these sounds” (Trail 1983).

More details are apparent fzom the enhanced x-—ray of Traill's own pro-
nunciation of a strident vowel shown in figare 9.27. Only the pharyngeal and
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Figure G.26 Xeray tracings of plain, vharyngesiized and stridant vowels in 1X50, based on daka in
Traitl {1985).
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Figure .27 Photographs (courtesy of A, Traill) iHustrating his pronunciation of a strident vowe} in
&8 {compare Traill 19555 The censer photograph shews the larymx and the pharvngeal area when at
rest andd that on the left shows the phonation of a siident vowel. The diagram on the right shows the
bW fomgue pesitions superimposed, with the dashed lines indicating the strident vowel. An 3 in
botk: shotographs marks the hyoid bone, and & Tmarks the thiyroid castilage.

laryngeal areas of the vocal tract are shown. The right-hand part of this figure
shows our tracings (from the original photographs) of the shape of the vocal
fract. in addition to the constriction at the root of the glottis, shown in figure
9.26, there is also a major constriction between the pars of the tongue below the
epiglottis and the tips of the arytencid cartilages in the upper part of the Jar
yr. As may be seen by comparison of the two photographs, this constriction is
achieved by pulling the hyoid bone (marked by H) and the thyroid cartijage
(marked by T) closer together. A constriction of this kind does not occur in #h

pharyngealized vowels of (Xé6 or other Khoisan languages, and is alsc not
#pparent in any of the data that we have seen showing the pharyngealized -
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Figurz9.28 Specirograms ofthe pronundation of the word e containing the low bade sindentvowel,
spoken by four speakers of NG6G.

b4

vowels in Cancasian languages. Consequently in fzble 2.8 we Hsted strident
ammorng those vowel propertes that depend on variations in vocal tract shape,
athough, in fact, it is not simply the vocal tract shape that characterizes these
vowels.

As we have seen, strident vowels have a constriction bebween the part of the
tongue below the epiglottls and the tps of the aryiencid cartilages in the upper
part of the larynx. This consiriction results in these vowels having a specific
phonation type. Traill (1985} netes that "the arvtenoid cartilages vibrate vigor-
ously.” He also notes, however, that the vocal cords themselves do not vibrate
during this tight constriction in the upper part of the larynx. This whole shape,
in which the vocal cords are stiff and comparatively close together, is certainty
net at all Bike that normally assoctated with what is called murmur or breathy
voice. Figure 9.28 provides acoustic data from our own field zecordings of
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strident vowels produced by four speakers. The first of these speakers is the
subject who provided the data in figure 9.24 and figure 9.26.

These data suppoart Traill’s description. They show that there are irregular,
noisy vibrations that might well have been produced by the approximated
aryienoid cartilages and/or the epigloitis, rather than by the vocal cords them-
selves. The spectrograms show even more upward displacement of the second
formaant than in the pharyngealized vowels we discugsed in the previous secton.
Again the third formant generally shifts downward.

We have discussed ATR, pharyngealized and sirident vowels as i they were
characferized by separate properties. However, as we noted, I ATR] vowsls
are very much akin to pharyngealized vowels, and strident vowels might be
regarded as a more extreme form of pharyngealized vowels. All these vowels
are characterized by some degree of pharyngeal narrowing and larynx raising.
Languages seldom use more than one of the three possibilities. We cannot re-
duce these three possibilities o a single binary contrast because of the contras-
tive use of plain, pharyngealized and sirident vowels in IX86. But the most
sulfable phonological parameters to use in describing these vowels are not
clear to us at this moment.

Rhaotic vowels

As we mentioned above there is yet another class of vowels in which the roat
of the tongue is often retracted, namely the rhotie {rcolored) vowels. These
sounds are very unusual, and oteur in less than one percent of the world’s
languages (Maddieson 1984a). They are, however, comparatively well known,
in that they occur both in some forms of English, and in some forms of Chinese.
The common attribute of all rhotic vowels is in their acoustic struciure, rather
than in their articlation. Rhotic vowels always have a fowered frequency of
the third formant. Sometimes these sounds are produced with the tip of the
tongue up, and sometimes with it downy; often the tongue is bunched up in the
anterior-posterior dirvection; and there is usnally 2 narrowing of the vocal tract
in the region of the epiglottis. As discussed in chapter 7, the syilabic peak in
words such as ferd in many varieties of American English is regarded as a
sylabic version of the conscnant i, but other vowels often fake on a rhotic
coloring before 1.

What may be a different kind of rhotacization has been reported by
Emeneav (1939} in Badaga, a Dravidian language. He suggests that in this lan-
guage there are five vowel qualities, §, e, a, o, 4, each of which can be “normal,
halfretreflexed, (or) fully retroflexed.” The half-retroflex vowels are described
as being “produced with the edges and tip of the tongue retroflexed or curved
upward 0 approach the alveolar ridge, but without touching or causing fric-
tion at any poink; the front of the blade of the tongue seems to be raised also in
this manner of vowel production.” His description of the fully retroflexed
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Tibls 9.12 Words illustrating twe degress of thotadzation in Badaga vowsls a5 pronounced by cope
servative speskers

P SeIGHTLY RHCOTACIZED FoLey RECHACIZED
ha meath’ be- bangle’ be crop
Ka:sn ‘cain’ ha-su ‘spread out’ Egwesua ‘remmove”

vowels is as follows: “In the vowels with fully-retroflexed resonance the whale
tongue is strongly refracted, the edges are curved upwards towards the bard
palate well béhind the alveoiar ridge but without touching or causing friction
at any point, and a channel is left in the center of the tongue well visible at the
dp in a Vformation.” Emeneau offers good evidence for ali these 15 vowels
being phonologically confrastive. Emenean’s feldwork was conducted in the
1930s, and it seems that the form of Badaga he investigated is no longer spo.
ker. We have made recordings of a large number of Badaga speakers, going
from one end of their dialect region to another. Cur speakers included the son
of Emenean’s informant and othess from the same district. We found only a
few speakers from very conservative groups who maintained a three-way con-
irast, and then it was In only one or at the most two vowels. However, twa
speakers did reliably distinguish the words shown in table 9.12.

Fricative vowels

The next added vowel feature to be discussed is frication. Fricative vowels can
usually be thought of as syilabic fricatives that are allophones of vowels. The
best known examples are the allophones of i that cceur after retroflex (fat
post-alveolar} and alveolar fricatives and affricates respectively in Standard
Chinese. These vowels are made with the tongue in essentially the same posi-
fion as in the corresponding fricatives. Because of the articiiation used in the
alveolar case, these vowels have sometimes been referred to as “apical’ vowels.
This term is not appropriate for the so-called retroflex cases. In addition, in
Liangshang Yi there are fricative vowels which are syllabic variants of a 1abial
fricative (Maddieson and Hess 1986) and in Czech a laminal r can occur as a
fricative vowel {Ladefoged 1971, and see chapter 7). These non-Chinese cases
indicate that the more general term fricative vowel is preferable. Fricative
voweis are reconstructable for Proto-Bantu {they are usually referred to by
Bantuists as ‘superclose’ vowels, written y, ). The ficative vowe! pronuncia-
ton is retained in some languages in the rorthwestern part of the Bantu area,
but has often resulted in frication of a preceding consonant elsewhere. I both
Yi and Czech the fricative vowels may be not only fricated but also trilled. In
the case of the Yi labizl vowel, 1% is the Lips that are trilled.

Voroels
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Phonatien types

The phonation types listed in table 9.8 were defined in chapter 3, when we
discussed the different staies of the glottls that can occur in conjunction with
stops {and other consonants). Most languages use ondy the two different pho-
nation types, voiced and volceless; and these two types usually contrast enly
among consenants. For vowels, the status of phonological contrasts between
votced and voiceless possibilities is not abways dear. They have been reported
to have some phonological role in Bk (Heine 31975} and Dafla (Ray 1967). As a
surface phonetic phenomenon they are an imporiard areal featiure of the Amer-
indian languages of the Plains and the Rockies. Insome of these languages they
appear o be phonciogically contrastive. For exampie, Mifler and Davig (1963)
reconstract voiceless vowels for Proto-Keresan. In other languages, such as
Acoma (Miller 1966), they are not underlying phonemes; in yet others, such as
Comanche, their status is problematic {Armagost 1986). Voiceless vowels also
occur in the Banfu languages of the Congo basin and the Indo-Franian fan-
guages in the Indic/Iranian border region; but here they are simply surface
phonetic phenomena. Voiceiess vowels occur as allophones of regudarly voiced
vowels in many langnages, inchuding English (e.g. in the first syllables of ‘pe-
culiar” and ‘particular’). In Japanese there is a contrast between the voiceless
allophones of i and w between voiceless obstruents, as in kifi "shore” and kufi
“comiy.

Many languages have phonernic contrasts invoiving other kinds of phona-
tfion. Some languages exploit a breathy voice quality which some linguists call
‘murmaur’ (Ladefoged 1971, Pandii 1957), but which in this book we are calling
breathy voice. As shown in table 9.13, Gujarati has developed surface phonetic
contzasis betweer: plain and breathy voiced vowels, in addition to the more
common Indo-Aryvan contrasts between plain and preathy voiced stops,
discused in chapter 3. (X066 conirasts involving breathy voice have aiready
been {llustrated in table 9.11.

Another type of vowel is produced with the body of the vocal folds, the
vocalis muscle, stiffened, forming what we are here calling stiff voice. A good
exampie occurs in Mpi, a language with six tones, each of which may occur
with a plain or a laryngeslized vowel, so that the same articulatory sequence,

Tuble 8.75 Words iflustrating contrasts bebsveen volced and vreathy voiced vowels in Gojarati. (For
further comparison, contrasts between voicetess aspirated, voiced aspirated, voiceless, and voiced
consonants are also shown)

VOSTED INTIAL VOICELESS iNiTlAL
PLAN vOWEL bar  ctweive” [+=Ty ‘last year’
BREATHY VOWEL har  ‘oulside Bor ‘satly moming

ASFRATED COHSONANT bfar “burden’ ptodz  army
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Figurs 523 Airflow and intra-oral pressure secords of two pairs of words with sE# and slack voicing
ins Parauk {revraced from the original recordings).

Table 9,34 Conmasting phonation fypes and fones occurdngon the segmentssi indipl. The 12 glosses
are appropriate for the segiments si with the tones and phonation fypes as shown

Tone MonaL voicE S1t5e voIeE
1 jowising ‘tobe pakrid” “t0 be dried up’
2 low ‘Dlogd” ‘sever)
3 midrismg ‘o yoll” ‘to smoke”
4 mid facolor} (classifier)
5 highrisng ‘to die {mam’s name)
&  high “four” {mams name)

s, has 12 different meanings depending on accompanying fone and phonation
type, as shown in table 9.14,

Often the conirast is not so much between regular voicing and stiff voicing,
but instead is between a slightly breathy and stightly stiff type of phonalion.
Parauk (Wa}, 2 Mon-Khmer language, uses two such contrasting phonation
types, neither of which is as breathy or as creaky as the contrasiing phonation
types in the other ianguages we have been considering in this chapter; both are
much closer to modal velce. The small differences in Parauk vowels are ifus-
irated in the aerodynamic records of two pairs of words shown in figure 9.29
{fromn Maddieson and Ladefoged 1985). There are insignificant variations in
ihe pressure, due to various factors such as the seguence in which the words
were read. Howaver, for a given pressure, there is always a higher mean fiow
for the slack vowels, which, accordingly, must have been produced with a less
comstricted glottis.
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Tabir 2.15 Words tustrating creaky (laryngeatized), breathy (murmsused) and modal (plain) vewels
it Jalapa Mazatec

Mopaz vonz BREATHY Creaxy

i ja 2

‘hres’ "he camies ‘he wears'
nttgE ndg ndg
‘read’ ‘azse” “horsEe’

A more extreme type of laryngealization, creaky woice, occurs in some lan-
guages, such as Jalapa Mezater, an Otomanguean language spoken in Mexico
{Kirk, Ladefoged and Ladefoged 1993). As we noted in the case of stop conso-
nants, the distincton drawn between creaky voice and stiff voice is somewhat
arbitrary. We have, ourselves, referred to the voice quality in Mpi as creaky
{Ladefoged 1982), aithough, in comparison with the Jalapa Mazatec vowels,
Mpi vowels definitely have a less constricted glottis. Jalapa Mazatec is excep-
tional in that it has a three way conirast between creaky {laryngealized),
breathy (murmured) and modal (plain) vowels, as illustrated In table 9.15, and
the vowel contrasts are therefore worth examining in some detail.

The acoustic cues distinguishing vowels with different phonation types lave
been described at length by Ladefoged, Maddieson and Jackson {1988). As a
general rule, vowels with stiff voice or creaky voice have more energy in the
harmerdes in the region of the first and second formants than those with modal
volce. Conversely, vowels with slack or breathy voice have comparatively
more energy in the fundamental frequency. There is alse a tendency {though
not in all languages) for vowels with creaky voice to have a more irregular
vocal cord pulse rate {more jitter), and for breathy voice vowsls to have more
random energy (a larger noise component) in the higher frequencies. These
points can be seen in the narrow band power spectra of the creaky, modal and
breathy vowels of five speakers of Jalapa Mazatec, shown in figure 9.30.

Figure 9.31 shows the difference between the amplitude of the fundamental
and that of the first formant in each of these specira. It thus illustrates the way
in which some of these differences can be expressed quantitatively. Data for
each of the five speakers is shown separately, followed by the mean for all five.
The lowest set of three bars shows that the mean difference in amplitude
between the fundamental and the first formant for creaky voice (black bar) is
—17 dB, ie. the fundamenial has 17 dB less ampiitude than the first formant,
which iz thus considerably stronger. The mean for modat voice (shaded bar) is
~7 dB, and that for breathy voice (white bar) is +5 dB (i.e. for breathy voice
there Is a comparatively large amount of energy ir the fundamental rather than
in the first formant). There is considerablie variation from speaker to speaker in
the vaiue for each of the three phonafion types, but for all speakers the value
for breathy voice is higher than that for modal voice for any speaker. Cresky
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Figure .30 Marrow band power spectra of the creaky, modal and breathy vowels of five speakers of

fatapa Mazatec, taken during the middie of the vowels in the Tast row of table 3.15.

woice and modal voice show some overlap of values, bui it is still true that for
every speaker creaky voice has a relatively lower value than modal voice.
Some of the differences between the three phonation types can alsa be seen
in records of the waveforms of these vowels, Figure 9.32 shows the three vow-
els as produced by one speaker. The creaky vowel has more inegular pulses
and & cumparatively undamnped waveform comresponding o the narow
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Figure 831 Redative amplitude of the fundamenial and the first formant in jalapa Mazazee vowels
for five speakers and the mean of all five.
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Figaore 832 Waveforms of the thres vowrels in the first row of t2ble .15 as spoken by one speaken
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bandwidth of the formants in thus vowel. In the breathy vowe! it is hard to see
the individual pulses because of the high frequency noise components.

in summarizing the use of variations in phonation type to diferentiate
among vowels, we should emphasize (as we cid in the discussion of stops) that
there 13 a continuum going from a glottal state in which the vocal coxds are in
the voiceless position with the arytenoid cartilages far apart, o one involving a
creaky voice with the aryiencid cartilages pressed firmly wgether. Most lan-
guagés do not use any differences between these glottal staéc‘:zs to diSf‘i‘ﬂg‘__ii‘Sh
among vowels. A number of languages use fwo, seleching various possibilities
within the continuum. A few rare languages, such as Jalapa Mazatec, have
three contrasts of thig kind.

Length

Numerous languages distinguish long and short vowels. Occasionally, as in
Estonian, there are three contrasting vowel lengths_ In this language, however,
as has been pointed out by Lehiste (1970}, the significant differences in guan-
Hiy are not simply lexical, but are related to the structure of the word. The only
language that we know of that has persuasively been shown to use three de-
grees of length to contrast lexical items is Mixe (Hoogshagen 1959). Lehiste
{1970, commenting on Hoogshagen's description of this language, concludes
that “vowel quantity in Mixe is segmental, ie, does not depend on sylizble
siruckure or on word patterns as was the case In Estondan.”’ Our reading of
Hoogshagen's dala leads to-the same conclusions; Hoogshagen provides na-
merous examples, mainty monosyllabic words, showing thet there are three
degrees of contrastive vowel length, independent of the syllabie pattern, the
vowel quality, the preceding or following consonants, the stress, the pitch and
the intonation. Examples are given in table $.16. Yavapai also has distinctions
between vowels of three different lengthe which seem to be lexdesl (Thomas
and Shaterian 1990).

Larger numbers of length differences have been observed in some lan-
guages, but these are associated with the distincion between vowels that are
contained in one syllable versus those which form more than one syilable.
Whiteley and Muli {1962) suggested that KiKamba has four degrees of length.
Although they pointed out that the very long voweis have cognate forms
in neighboring languages with an intervening consonart within the vowel

Tebiz 836 Words Hiustrating the three contrastive vowel lengihs In Mixe {data fom Hoogshagen
1959

paf  “guava’ pet “cimb(nj p%_f' “fea
pof ‘spider pet  hroom” pi{ ‘marigold:
po:[ kot peit Peter gt ceat
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Table 2.27 Waords illsstrafing long and shorz vowels, and vowe? hiatus In KiKamba {fromm Roberts-
Kabag 19835}

SHoRT vowEL kokona o hi

Lowa Vows, kebmd S dry

SHORT & SHORT ko.omé& ‘tos bita”

SHORS + LONG nefonubdné.éete  we have chosen for evervone and aze still
chonsing

sequence, they saw no obvious yeason to consider these very long vowals as
consisting of more than one syilable. RobertsKohno (1995) has clarified the
sifuation: there is a four-way distinction between vowel lergths because there
are two independent factors. There are long and shost vowels, and identical
vawels may have a syllable boundary {or ‘hiatus’} between them. This yields
the difference V, Vi, V.V, and V.V: {neither V..V nor Vo.V: occurs). Examples
of each type are given in table 9.17. In the case of hiatus, ron-identical vowsl
sequences alse occur, as in keimd “to curse’. Twe identical short vowels in
hiatus are much longer than a long vowel; Reberts-Kohrio measured the mean
duration of the bisyllabic vowel sequence in kot6.6medja “to cause o bite us’ as
232 s, but the long vowel in kotéometja ‘to dry us’ as only 127 ms.

Diphthongs

If we consider phonetic descriptions of voweis to be equivalent to statements
about ihe targets of vocalic gestures, then we can consider diphthongs to be
vowels that have two separate targets. There is a probiem with this definition,
in that it does not distinguish between diphthongs and long vowels, which
may well be considered fo be vowels that have two identical targets. Accord-
ingly we must stipulate that diphthongs must have two different targets.
Lindau, Norlin and Svantesson {1985) have calealated that diphthongs oocar
in about a thixd of the world’s languages. They alse note that diphthongs of the
ai-type occur in 75 percent of these languages, and of the au-type in 65 percent
of these langnages.

As with all sounds with two targets, the time-course of the moverment from
one target to the next has to be specified. Lindau, Nozlin and Svantesson {1983)
examined diphthongs in Arabic, Hausa, Stardard Chinese, and English, and
showed that there are differences in the way that the diphthong targets are
joined. For some of the diphthongs ir these Janguages certain general princi-
pies seemed to apply. For example, for the ai diphthong in English, and for the
upward moving diphthongs in Chinese it was true that “the further to go, the
longer it takes.” But for other Chinese diphthongs, and for English au diph-
thongs, this was not true. In addition Hausa and Arabie had significantly
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shorter diphthorgal transitions than English and Chinese. Peeters and Barry
{1989} have also shown that there are language specific differences in the
movements within diphthongs.

The kinds of vowels that occur as targets in diphthongs are no different from
those that occur as single vowels. Consequently, in this book, in which our abm
is to describe the set of phonologically contrestive sounds that ocour in the
languages of the world, there is littie extia 10 be said about diphthongs. No
new features are needed. Of course from a phonological point of view, diph-
thongs pose many inieresting problems, such as why S0ITIE SEQUENCEs are Pre-
ferred to others. But these are ouiside our present purview.

9.3 Vowel-dike Consonants

Traditional phonetic dassification has ofter set up a category of sounds known
as semi-vowels. These are vowel-like segments that function as consonants,
such as w and §. These sounds have also been termed "glides’, based on the idea
that they involve a quick movernent from a high vowel position fo a lower
wvowel This term, and this characterization of the nature of these sounds is
mappropriate; as with other consonants they can occur geminated, for exam-
ple in Marshallese, Sierra Miwok and Tashihiyt.

Vowel-lke segments that fznction as consonants are comimon in the world's
languages. Of the world's languages 85 percent have the palatal approximant j
and 76 percent the lablal-velar approximant w {Maddieson 1984a). Other semi-
vowels are far less common, occurring in less than 2 percent of languages. Ta-
ble 9.18 illustrates the contrasts betweer: the labial-palatal approximant y and
the fwo more famHar semivowels j, w in French, The (unrounded) velar
approximant uf is even less common. It occurs in Axininca where it contrasts
with "a bilabial approxdmant [IFA 8] which has no simultaneous velar ... ar-
ticulation as w would,” [Fayne 1981} as well as with the paiatal approximant J.

There has been a great deal of discussion about the relationship between
vowels and semivewels. It is clear that there is a contrast between English
words such as east and yeast and between words such as woos and ooze. But
Jakobson, Fant and Halie (1952) suggested that this does pot necessitate setting
up a category of semivewels. In their view, there is only an atlophonic differ-
ence between semivowels and vowels. Thus Jakobson, Fant and Halie tran-
scribed the words woe and ye as uaw and 1, instead of wuw and yiy as was the

Tabie 8.18 Words SHlustrating contrasting semivowels in French

mjel  ormir myel e (L) mwel  'sea gult
lje Hark il “himn” fwi “Louis
i ‘eyes [£513 ‘wight’ wi yey
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centemiporary practice for American English. But. irrespective of phonological
arguments, Maddieson and Emrmorey {1983) have shown that there iz a clear
articulatory difference between vowels and semivowels such as these in three
very different languages, Amharic, Yoruba and Zuni. There are cross-language
differences between the semivowels in these languages, and these differences
are correlated with cross-language differances between the vowels. But within
each language the semivowsls differ from the corresponding vowels ir: that
they are produced with narrower consirictions of the vocal tract,

In addition to §, w, 4, wy, there are a munber of other non-syilabic vowel-like
sounds that might also be considered as semnivowels. Two of these are forms of
v and are more appropriately considered in chapier 7, which is concerned
with alf forms of rhotics. But we should note here that, for many speakers of
American English, the approximant » &t the beginning of the word red’ bears
the same refationship to the vowel » in bird” 2s the approximant j in “yes™ does
to the vowel §in heed'. Similarly, the Danish ‘' sound in words such as raad
fcoundl} is not a wvular approximant as some textbooks (Bredsdorf 1958) de-
scrive it but a pharyngeal approximant with an arficulatory position similar to
that in a low back vowel.

We should alsc consider whether there are semivowels corresponding to
mid-vowels in a language. A possibility of this sort can be seen by considering
the resylabifications of vowel elisions ithat occur in Nepall, shown in table
9.19. In this language there are several possible sequences of vowels that ocour

A & slow, formal style of speech. In normal, colloguial speech one or other of
two adjacent vowels becomes ponesvliabic The examples cited in the tables
sound like two syllables in slow speech, but like single syllables in normal
speech, both to us and to the Nepali linguist B.M. Dahal, who suggested them
to us. Sometimes it is the frst of the fwo vowels that [s affected, and sometimes
the second. The six vowels of the language may be described in terms of three
vowel heights: i, W e, 6; 3, a. Kelkar {personal commurdcation} has pointed out
that when a sequence includes a high or mid-vowel, and a vowel of a lower
height, the higher vowel in the sequence becomes non-syilabic, irrespective of
whether it 15 the first or second vowel in the sequence. The high vowels be-
come the semivowels j, w: and, when 2 mid-vowel occurs with a low vowel,
the mid-vowels become the non-high semivowels, &, 6. When high or mid-
vowels of equal height occur in sequence, either of them may become non-
syllabic, so that either of the possible semivowels is produced. Only when two
low vowels alone occur in sequence {Le. in a sequence without a mid- or high
vowel), is the first of the two elided. Facls such as these not only indicate the
possibility of non-high semivowsls, but also support the noson of vowel
heights forming a mult-valued ordered set that cannot be expressed in binary
terms.

While not actually semivoweis, we will also consider here the bilabial
approximant § and the labiodental approximant v. Hindi is a good example of
alanguage in which there is no v or w, but instead the most commeon allophone
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Tulde 8.1% Vowe] glisions in Nepall

SLOW, FORMEAL NORMAL, COLLOGHAL

die b dis ‘Lhey gave’

te - tej ‘sarme’

pia - piz “casse b drink
gai - gaj oW

a0 — ad “rorme (gl
d¥oa e dftha “LRUSE 10 wash'

Tible 9.20 Words illustrating condrasting labial ficatives and approxirnanis in Urhobo

LABIALIZED VELAR OR LABlAL-VELAR LABIDDENTAL
FRICATIVE Gy¥é  ‘soup’ évd  "monitosr Hzards'
AFPROKEMANT éwé  ‘ponds’ evd  ‘divination’

of the sound that might be symbelized using one of those symbols is achually B,
in, for example, noffs ninth'. A labiodental approximant v contrasts with a
fabiodental fricative vin Urhobo; this Janguage also has 1 labialized velar frica-
tive y¥ as well as a labiai-velar approximant w (Ladefoged 1968, Kelly 1969), as
Hlustrated in table 9.20. Ladefoged (1968) had w in place of v™ but we now
consider Kelly (1969} to be correct. As Elugbe {1989) has pointed out, the fric-
tion is the result of the velar articulation alone.

The neighboring language, Isoko, has a similar set of contrasts. Photographs
of the lp positions in three of the four possibilities are shown in figure 9.53. It
may be seen that the labialized velar fricative v* in the word éy*¢ 'hoe” has a
©very small aperture, with the lips being tightly pressed together. The

spectrogram accompanying the photograph shows that this tight constriction
produced formant transitions like those in a labial-velar approximmant w, but
with a great decrease in the intensity of the scund, so that there is a stop-like
gap without a following release burst. Unfortunately we do not have compa-
rable data for the Jabial-velar approximant, which occurs in the word owa ‘age-
grade’. Bul we do have photographs of both the fricative in év€ “how’ and the
approximant iablodental in évé ‘breath’. The spectrogram of the fricative
‘shaws that there is also a considerable decrease in intensity, but without the
large formant transitions that occur in v, In this particular token there is very
iittle fricative energy apparent. The approximant has a much wider Hp aper-
ture; but, as may be seen from additional photographs in Ladefoged {1968), the
aperiure is not as great as that in the surrounding vowels. As the lower lip is 50
far from the upper teeth and the upper lp, it is not possible to say whether this
sound is better classified as a bilgbial approximant 8, or a labiodental
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Figure 9.33 Photograghs of the lips in the Tsoko words év#& ‘hoe”, #v¢ ‘how' and évé ‘Breathy. The
phographs were determined to be in the middie of the consonants by chserving the click of the
cammera shutier on a shnnitaneous recording. The spectrograms on the left are of repetidions of these

waords recorded immediataly after the photographic session. Center formant frequencies have been
cutlined in wiite.

approximant u. The spectrogram shows that there are smaller formant move-
ments associated with this sound and very little diminution of amplitude.
Many of the semivowels and central approximants that we have been con-
sidering in this section also have voiceless counterparis. In addition, two
sounds mentionad in the chapter on fricatives, h and B, should alse be dis-
cussed here. These sounds have been described as voiceless or breathy voiced
Counterparts of the vawels that foilow them {Ladefoged 1971). But, as Keating
{1985} has shown, the shape of the vocal fract during h or i is often simply
that of the surrounding sounds. In saying the word ahead, for example, there is
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usuaily a breathy voiced § during which the formanty are moving from those
ascaciated with » to those associated with €. Accordingly, in such cases it is
more appropriate to regard h and § as segmenis that have onty a laryngeal
specification, and are unmarked for all other features. There are other lan.
guages which show a more definite displacement of the formant frequencies
for b, suggesting it has a constriction associated with its production. Laufer
(1991) argues that 2 glottal constriction is observable in Hebrew and Arabic. A
few languages contrast h and fi. One group of languages which does s the
Masa group of Chadic languages. Sachnine {1982) gives examples of contrasts
in Lame, such as has "to cat’ vs. Bas ‘warmth’. A detailed study of the related
language Musey has been conducted by Shryock (1995). In this language the
conirast between h and R is not primarily encoded as a voicing difference.
Both segments are morg often than not produced with vocal £51d vibration, but
f tends to have a laxer laryngeal setting and a lower fundamental frequency.

The voiceless counterparts of the central approximants j and w occar as con-
trastive segments in 2 number of languages, such as Yac (Purnell 1965),
Klamath {Barker 1964} and Aleut {Bergsiand 1856). They alsc occur in some
dialects of English. Most speakers of English differentiate between words such
as ju ‘you and what is usually transcribed as hju hue. The enset in the second
word is normally a voiceless palatal approximant, |, for which the IPA has no
unitary symbol..In some dialects {e.g. most of those spoken in Secotiand), the
words weether and whether contrast, the latter beginning with a non-fricative s
No language that we know of contrasts a voiceless labial-velar fricative and a
non-fricative &, hust as no language contrasts the volceless lateral approximant
} and the voiceless lateral fricative § as discussed in chapter 6. In addition, the
voiceless counterpart of w cannot have friction at both the lablal and velar
piaces of articulation, as we will discuss in chapter 10, so if it is 2 fricative, itis
better described as a voiceless labielized velar fricative. Other voiceless
approximants, such as voiceless laterals are discussed in: chapter 6, and voice-
less rhotics in chapter ¥

Summary

Finally, we wiil compare our findings in this chapter with those of the most
comprehiensive previous sar