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X. 1 I ntroduction

An adequate theory of phonol ogical distinctive features nmust neet
four criteria: (i) it nust have a relatively consistent and direct relation
to the phonetic properties of speech sounds; (ii) it nust be able to
describe all and only the distinctions nade by the sound systens of any of
the world' s | anguages; (iii) it must be able to characterize all and only
the natural classes of sounds that recur in the phonol ogi cal phenonena of
di fferent |anguages; and (iv) it must correctly characterize the
subgr oupi ng of features by recurrent phonol ogi cal phenonena. The third
criterion is the nost inportant one and probably the hardest to achieve.
The fourth has assumed greater inportance in the last five years or so in
the context of work on feature geonetry (C enments 1985, Sagey 1986, and
ot hers).

The Semitic | anguages have many consonants produced with a primary
constriction in the posterior regions of the vocal tract. Traditiona
grammars refer to these consonants as "guttural s". Standard Arabic and
nost nodern Arabic dialects have retained the full set of gutturals usually
reconstructed for Proto-Semtic: laryngeals ? and h; pharyngeals h and §;
and uvulars x and 8. Oher Semtic |anguages, as well as several other
branches of the larger Afro-asiatic famly, have simlar or smaller
i nventories of gutturals.

The phonol ogy of the various Semtic | anguages provides a renmarkable
range of evidence that the gutturals are treated as a natural class by
phonol ogi cal rules. This can be shown through independent devel opnents in
the various | anguages at different historical periods and in different
areas of the phonology. Reference to the guttural class is not limted to
just underlying or just surface |level, but rather pervades the phonol ogi ca

structure of these | anguages. Fromthese observations, it follows that the



gutturals nmust constitute a robust natural class that is directly
represented within distinctive feature theory.

By detail ed exam nation of the acoustic and articul atory properties
of the Semtic gutturals, | show that they constitute a class in terns of a
tradi ti onal nmeans of classifying consonants, point of articulation.
Specifically, | argue that the natural class of gutturals is defined by
their place of articulation, [pharyngeal]. The [pharyngeal] consonants are
produced with a constriction anywhere in the entire region that enconpasses
the larynx through the oropharynx, a constriction |ocus that correl ates
acoustically with a relatively high F1. | then go on to relate this idea
to a proposal by Perkell (1980) that distinctive features are orosensory
targets, and | suggest that the difference between [pharyngeal] and ot her
pl ace-of -articulation features lies in the varying distribution of sensory
f eed- back nechanisnms in different regions of the vocal tract. Utinmately,
the thesis | develop is not unlike the earliest classification of these
sounds by the Arab granmarian Sibawaihi. In his ternms, the gutturals are
all "throat consonants", produced at "the back of the throat" (I|aryngeals),
"the mddle of the throat" (pharyngeals), and "the part of the throat
nearest the mouth" (uvulars). It is also quite simlar to Hayward and
Hayward's (1989) independent proposal that there is a feature [guttural]
characterizing a "zone" rather than a place of articulation, justified
nostly on the basis of Cushitic rather than Semitic evidence.

Havi ng established the properties of the feature [pharyngeal] and the
evidence for it, | then turn to the issue of howit relates to other
distinctive features. First, | sketch sone of the phonetic and
phonol ogi cal properties of the enphatics, the coronal and uvul ar
pharyngeal i zed consonants, contrasting themwi th the gutturals. Second, |
briefly indicate how [ pharyngeal] fits into a nodel of feature geonetry, a
subj ect examined in depth in McCarthy (forthconmng). Third, | return to
take a closer look at the |laryngeal consonants, which are not always

menbers of the guttural class
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There are also very rich systenms of uvul ar, pharyngeal, and | aryngea
consonants in the Northwest Caucasi an | anguages as docunented by Catford
(1983) and Col arusso (1988). Unfortunately, relatively little is known
about the phonol ogi cal systens of these | anguages apart from phonene |ists,
whereas virtually all of the conclusions about Semitic are based on
phonol ogi cal processes and constraints. |In the absence of evidence from
phonol ogi cal processes, conclusions about featural representation are
al rost entirely specul ative. There is, however, good phonol ogi cal evidence
concerning the uvul ars and pharyngeals in sone of the | anguages of the
Pacific Northwest. Nevertheless, to keep the survey to manageabl e
proportions, | have deliberately confined ny attention to the Semtic

| anguages with occasi onal excursions into broader Afro-asiatic.?

X.2 Cutturals within Distinctive Feature Theory
X. 2.1 The Articulatory and Acoustic Properties of Gutturals

To provide a secure basis for the subsequent discussion, | wll begin
by revi ewi ng the abundant phonetic evidence for the properties of gutturals
in Arabic, a language with the full suite of six. This review takes each of
the three types of gutturals (laryngeal, pharyngeal, and uvular) in turn,
first examining their articulatory and then their acoustic properties.
This section concludes with a summary of the characteristics of gutturals,
taki ng special note of the properties common to all of them

There is no body of articulatory data that specifically deals with
the production of the laryngeals ? and h in Arabic (though see section
X.5). A -Ani (1970) reports that he made cineradi ograns of the Arabic
| aryngeal s but was unable to interpret themusefully. Acoustically, the
| aryngeal s are characterized by a conplete |l ack of formant transitions or
other effects on adjacent vowels (Klatt and Stevens 1969; al so see Younes
1982 on the "neutral environnent"), as is typical of laryngeals in other
| anguages (Stevens and House 1963:116). During the production of h, the

resonances of the vocalic context are weakly excited by fricative-Ilike
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noi se (voiced intervocalically) (A -Ani 1970, Klatt and Stevens 1969). The
7 is realized sonetines by an obvious stop, sonetines only by creaky voice
quality.

Interpreting the acoustic evidence in articulatory terns, we would
have to say that ? and h, although they involve an obvious |aryngea
gesture, do not have any constriction higher in the vocal tract
(discounting coarticulatory effects from surrounding vowels). In
particular, there is no evidence for a pharyngeal or uvular constriction
acconpanying the glottal gesture. Even raising of the larynx during
production of the consonant (a conspicuous property of the pharyngeal s)
shoul d produce a falling transition of the second formant in a follow ng
vowel as the larynx returns to its normal position. Therefore the entire
burden of producing the | aryngeal consonants falls on the |arynx.

Ghazeli (1977) describes in sone detail the results of a
ci neradi ographi c investigation of the pharyngeals § and h. (There are
simlar studies by Delattre (1971) on Lebanese and Bukshai sha (1985) on
Qatari; their results do not appear to differ significantly from
Ghazeli's.) The main gesture in the production of the pharyngeals is an
approxi mation of the posterior wall of the |aryngopharynx and the tongue
root fromthe epiglottis down to the larynx. Both the posterior pharyngea
wal I and the tongue root are noved inward fromtheir rest positions.
Concomitantly, the larynx itself and adjoining structures are raised
consi derably. The constriction is significantly narrower for h than for §.
(Delattre points to a perceptual basis for this; the increased friction in
t he voi cel ess approxi mant conpensates for its otherw se | ower anplitude.)
Apparently for mechani cal reasons, the tongue dorsumis concave during the
production of h.

The place of articulation of § and h, then, is the |ower pharynx.

The active articulator is some conbination of the tongue root and the
epiglottis. Laufer and Condax (1979) observed the epiglottis with a

fi berscope during the production of pharyngeal s by Sephardi c Hebrew
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speakers and concluded that the epiglottis was retracting i ndependently of
the tongue root. Against this, Boff Dkhissi (1983, cited by Butcher and
Ahmad (1987)) concluded on the basis of a cinefluorographic investigation
of Mbroccan Arabic that both tongue root and epiglottis were involved. E -
Hal ees (1985) has published a xeroradi ogram of an Iraqgi Arabic speaker
producing § as an epiglottal stop made with considerable retraction of the
tongue root. Thus, it seens |likely that both the tongue root and the
epiglottis are being actively recruited to nmake the pharyngea

constriction.

Neit her Del attre nor Ghazeli made filns of pharyngeals in different
vocalic contexts. Thus, although we see sone raising of the anterior
portion of the tongue body during the pharyngeals, we cannot know whet her
this is the influence of the vowel or an additional requirenent of the
pharyngeal consonants. |In the actual tokens that Ghazeli exam ned, the
vowel follow ng the pharyngeal is & |In Delattre's data, the tongue-body
position also | ooks fairly alike.

Acoustically, we expect to find a high F1 in pharyngeals, and that is
what the literature shows (Al -Ani (1970, 1978), Ghazeli (1977), K att and
Stevens (1969), Alwan (1986), Butcher and Ahnad (1987)). Butcher and Ahmad
present particularly detailed information. The h has pseudo-fornants at
around 700-900Hz, 1600-2200Hz, and 2200- 3000Hz. At the consonant/vowel
boundary of §, F2 is relatively low, in the 1200-1400Hz range. F1 is high
-- 900-1000Hz -- although it is somewhat |ower before the round vowel s u:
and o:. The spectrumof h is roughly the sane, although F1 is not quite as
high. The major effect of the pharyngeals on the steady-state portions of
the adjoining vowels is significant raising of F1, by about 100Hz rel ative
to a neutral (glottal) environment.

The voi cel ess pharyngeal h is sone kind of fricative or approximnt
(or perhaps even a glide). The realizations of § vary dialectally or even
i ndividually between a stop (presumably epiglottal) and an approxi nant or

fricative. A -Ani (1970) found that he and three Iraqi informants produced
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§ as a stop (cf. El-Halees 1985). In contrast, Chazeli (1977) did not find
stopped § with any of his informants, including one Iraqgi. |n Ghazeli's
spectrograns the § | ooks very much Iike a glide in intervocalic position.
But cher and Ahmad (1987) had three Iraqi informants, and found stop bursts
at the release of § about 60%of the tine. (These were initial and final;
they did not |ook at nedial pharyngeals.) There are no phonol ogi ca
consequences of the superficial dialectal distinction between stop and
continuant Ss in Arabic. But, according to Catford (1983: 347), there is a
Caucasi an | anguage ("the Burki khan di al ect of the Dagestani an | anguage
Agul ") which does have distinct stop and conti nuant § phonenes. Anot her
possi bility of phonemic contrast is that between plain and glottalized§,
found in Colunbian Salish (Kinkade 1967).

Further properties of § and h involve the larynx. | have already
noted that the larynx is considerably raised during the production of the
pharyngeal s (CGhazeli 1977), and § is often acconpani ed by creaky voi ce.
Thi s phenonenon is probably not unique to Arabic; Hayward and Hayward
(1989), citing Sasse (1979) and Hayward (1989), note that § is frequently
"glottalized" in Ethiopian (Semtic and Cushitic) |anguages.

Coul d | aryngeal involvenent in the production of pharyngeal s expl ain
the class of gutturals? Both types of laryngeal effects in pharyngeals,
| arynx raising and creaky voice, have plausibl e nmechanical explanations.
The raising of the larynx in pharyngeals is probably a side-effect of the
gestures involved in narrowi ng the pharynx. Ladefoged (1975, 143) has
specul ated that the creakiness of § conmes about "because the necessary
constriction in the pharynx al so causes a constriction in the larynx".
Furthernore, Laufer and Condax (1979, 52) point out that the creakiness is
consi stent with conpression of the top of the arytenoids by the retracted
epiglottis (as in swallowing). |If laryngeal involvenment in pharyngeals is
superficial mechanical effect, than it is unsuitable as an expl anation for

a truly phonol ogical property like the guttural class, with effects

t hr oughout the phonol ogy.?



Finally, we turn to the uvular gutturals s and x. Again, Ghazel
(1977) presents x-ray data that differs only slightly fromthe data in
Delattre (1971). The uvulars are produced with a much higher and slightly
narrower constriction than the pharyngeals. This constriction is obtained
by raising and retracting the dorsum of the tongue toward the posterior
wal | of the oropharynx. In g, the uvula is curved downward and anteriorly
to produce a trill. The constrictioninyx is narrower than that in g, and
this is associated with a slight raising of the larynx (supporting the
earlier claimthat larynx raising in pharyngeals is purely a nmechanica
effect).

Acoustically, x is characterized by very | ow frequency noi se, bel ow
1200Hz. The consonant g has formants at 500- 600Hz and 1200-1300Hz -- in
other words, F1 is high, but not as high as in the pharyngeals. F2 is as
low as in the pharyngeals. The lower F1 of the uvulars conpared to the
pharyngeal s is consistent with the fact that they are produced quite close
to the mdpoint of the vocal tract. The x is a voiceless fricative or
approxi mant; the usual realization of B is a voiced trill.

This conpletes the review, and we can now sum up the observations
about the phonetic properties of gutturals:

(i) Active articulator. The gutturals are produced by three distinct

gestures: a purely glottal one in the laryngeals, retraction of the
tongue root and epiglottis and advancenent of the posterior wall of
t he | aryngopharynx in the pharyngeals; and a superior-posterior
nmovenent of the tongue dorsumin the uvul ars.

(ii) Place of articulation. The gutturals are all produced in the

posterior region of the vocal tract.

(iii) Spectrum The gutturals all have relatively high F1. F1 is at
the theoretical maxi numin the case of laryngeals, close to the

maxi mum for the pharyngeals, and higher than any orally articul at ed

consonants in the case of uvul ars.



(iv) Stricture. Al gutturals except ? neet Catford's (1977: 122)

definition of approxinmant: "non-turbul ent fl ow when voi ced; but the

fl ow beconmes turbul ent when they are nmade voiceless”. Cenents
(1990) nodifies this definition to require oral stricture in non-
approxi mants. Wth this nodification, even? is included in the
cl ass of approximants.*
Crucially, the gutturals share posterior place of articulation, high F1,
and stricture (see section X. 4); the gutturals do not share active

articul ator.

X.2.2 Previous Featural Treatnents of Cutturals
There are many ways to organi ze a system of distinctive features. The

Prelim naries feature system (Jakobson, Fant, and Halle 1963) classifies

sounds in acoustic terns, even if they are articulatorily quite dissimlar
(like [+grave] k and p). The SPE feature system (Chonsky and Halle 1968)
is primarily oriented toward the active articulator, effecting a major
four-way cl assification of consonants by the features [coronal] and
[anterior], with finer distinctions supplied by features |ike
[distributed], [high], [Iow], and [back]. Ladefoged (1975) and WIIianmson
(1977) propose a many-val ued pl ace feature that essentially neasures

di stance fromthe glottis, taking values like [[pharyngeal ]Pl ace] or

[ 1Pl ace] .

The acoustically-based Prelimnaries system applied to Arabic by

Jakobson (1957), maps low F2 onto the single feature [flat]. The [+flat]
consonants of Arabic are the uvulars and the enphatics (see section X 4).
Stretching the point a bit, Jakobson classifies the pharyngeals as [+flat]
as well. Since F2 is not lowin the |aryngeals, though, there can be no
natural class of the gutturals defined by the feature [flat]. Additiona
probl ems arise fromthe identification of [flat] with rounding, which is

i ndepedent of uvul ar or pharyngeal place of articulation



Problems with the SPE treatnment of gutturals have been previously
noted by Kenstow cz and Ki sseberth (1979: 250) and Keating (1988: 7-8).
The follow ng chart gives the values of the relevant features for the
gutturals and for other places of articulation found in Semtic, according

to Chonsky and Halle (1968, 307):

(1)
anteri or cor onal high Ilow back
| abi al + - - - -
al veol ar + + - - -
pal at o- al veol ar - + + - -
vel ar - - + - +
uvul ar - - - - +
phar yngeal - - - + +
| ar yngeal - - - + -

Here, it appears that the gutturals really can be singled out by featura
specifications: they are [-anterior, -high]. Wthin that set, the features
[low] and [back] distinguish the uvul ars, pharyngeals, and | aryngeals from
one anot her.

The real problemis not with this chart, which gives the desired
classification, but with the fact that the chart is inconsistent with the
definitions of the features in SPE and the phonetic properties of the
guttural s described above. The features [high], [low], and [back] refer to
nmovenents of the tongue body fromits theoretical "neutral position"” (at
about the location of the vowel in English bed). Uvulars are said to be
[-high], but we have seen that the Arabic uvulars are actually produced
with a high tongue body. Pharyngeals are [+l ow, +back], but the
di stinctive gesture in pharyngeals is with the tongue root/epiglottis and
posterior pharyngeal wall, not the tongue body. In fact, the tongue body
is not back but front with the Arabic pharyngeals, as we can see by the
adj acent front allophone of the | ow vowel: compare pharyngeal hasd

"condition" with uvular xaal 'maternal uncle'. Finally, the tongue body
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cannot be inplicated in the production of the laryngeals at all; thus, the
assignnent of [+low] to laryngeals is sinply inconsistent with the
definition of [low] as a feature referring to tongue height.

Even if these problenms with the SPE system coul d be set aside, there
woul d be good reason to reject the [-anterior, -high] characterization of
the gutturals. As Sagey (1986) and MCarthy (1988) show, this sort of
cross-classificatory use of [anterior] presents major difficulties in the
context of feature theory as a whol e.

The multi-valued [place] feature of Ladefoged (1975) and WIIlianmson
(1977) does provide a natural classification of the gutturals: they are the
three places of articulation closest to the glottis. Formally, in a theory
wi th nunerical feature coefficients, the gutturals are the cl ass
[0C2pl ace]. The problemis that, as a theory of consonantal place
classifications, this is far too weak. Although the gutturals are clearly
a natural class in Semtic, this theory permts classifications of
contiguous places that are rare or nonexistent: |abial, |abiodental, and
dental ; |abiodental, dental, and al veolar; velar, uvular, and pharyngeal;
and so on. Although certain sets of contiguous places of articulation do
i ndeed constitute natural classes, contiguity alone is not enough to nmake a
cl ass natural .

Recent phonol ogi cal research on distinctive features (beginning with
Anderson 1971 and taken up by Halle 1983, Sagey 1986, Halle 1988, MCarthy
1988, Maddi eson and Ladefoged 1988, and ot hers) has devel oped a nodel that
pl aces very rigid restrictions on reference to "place of articulation” in
consonant systens. In this theory, speech sounds are principally
classified by active articulator. The fruit of this work is a set of three
features that refer to the active articulator. The [labial] sounds are
produced by raising or protruding the lower lip (and possibly the upper one
as well). Thus, they include true labials, |abiodentals, and, as a
secondary articulation, lip-rounding. The [coronal] sounds are produced by

raising the tongue tip or blade. They include the dentals, alveolars,
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pal at o- al veol ars, retrofl exes, and, as a secondary articulation

api calization. Finally, the [dorsal] sounds, nade by noving the tongue
body fromits neutral position, include the vowls, the palatals, velars,
and uvul ars, and, as a secondary articul ation, velarization and perhaps
pal atal i zati on. The obvi ous extension of this approach to pharyngeal s
posits a fourth active articulator, [tongue root] or [radical] (MCarthy
(1985), Cole (1987), Maddi eson and Ladefoged (1988)).

But even if we add [radical] to the set of articulator features, the
nodel fails to account for the fact that gutturals are a natural class.
Qutturals are produced by three distinct active articulators, the |arynx,
the tongue root and epiglottis (that is, [radical]), and the tongue body
(that is, [dorsal]). Thus, a natural class of gutturals is inconpatible

with the fundanental assunption of articul ator-based feature theory.

X. 2.3 [pharyngeal] Pl ace

Since the gutturals do not share a single major articulator, we
shoul d i nstead ask what they do have in common. All gutturals are produced
by a constriction in the sanme region of the vocal tract. "Region" here
nmust be broadly defined, to enconpass the area fromthe |larynx inclusively
to the oropharynx. Three different articulators have access to that region
-- the larynx, the tongue root, and the tongue body. The defining
characteristic of the gutturals is not the major articulator, but the place
of articulation, characterized by the feature [pharyngeal].

Thi s account, though, leads to a major asymetry. The anterior part
of the vocal tract is organized in ternms of active articulator, but the
posterior part is organized in terns of place of articulation. Mre
strikingly, the three active articulator features [labial], [coronal], and
[dorsal] divide up a region of the vocal tract approximately equal in
length to the regi on subtended by the single feature [pharyngeal]. In other
words, the asymretry is that finer distinctions of place are made in the

front of the vocal tract than in the back.
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An explanation for this asymmetry conmes from exam ning the rel ation
bet ween phonol ogi cal features and speech production. In the articul ator-
based theory, each of the features [labial], [coronal], and [dorsal] can be
t hought of as "driving" the corresponding active articulator (Halle 1983).
In contrast, Perkell (1980) has proposed that distinctive features are:

orosensory patterns corresponding to distinctive sound produci ng

states. These 'orosensory' patterns consist of proprioceptive,
tactile and nore conplicated air-pressure and airflow i nformation
fromthe entire vocal tract. ... As exanples, the orosensory goals
for the features 'high' and 'back' mght consist of specific patterns
of contact of the sides of the tongue body with the teeth and the
pharyngeal wall. The orosensory goal for the feature 'coronal' m ght
be contact of the sides of the tongue blade with the teeth or

al veol ar ridge... (Perkell 1980, 338)

The vocal tract can report its state through feedback mechanisns |ike touch
or proprioception. Distinctive features are defined as particul ar patterns
of feedback fromthe vocal tract (which have consistent acoustic
consequences).

The proposed feature [pharyngeal], then, would be defined as the
orosensory pattern of constriction anywhere in the broad region of the
pharynx. The corresponding "distinctive sound producing state" of
[ pharyngeal ] is high F1, a property that the gutturals share.®

If features are defined as orosensory goals rather than articul atory
instructions, we expect that differences in the acuity of orosensation at
different points in the vocal tract will be reflected in the phonol ogi ca
organi zati on i mposed on those regions. In particular, the |arge
[ pharyngeal ] region should be rather poorly differentiated conpared to the
smaller [labial], [coronal], and [dorsal] regions.

There are three sources of evidence for differences in sensory acuity
in the vocal tract. All of these do indeed support the nodel proposed

here, where the wi de [pharyngeal] region is treated as equivalent to the
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narrower [labial], [coronal], and [dorsal] regions. None of the evidence
is perfect, though, so the argument at this point becones somewhat
specul ati ve.

First, the actual distribution of sensory neurons in the vocal tract
corresponds quite well to our expectations. In a conprehensive survey of
the histological literature, G ossman (1964) concl udes:

This review of the reported oral sensory nerve el enents reveals a

progressi ve decrease in the frequency of sensory endings fromthe

front to the rear of the mouth in humans ... These findings are
conmpatible with the author's initial experinmental evidence which

i ndicates that tactile discrimnations are nost acute in the anterior

mucosal surfaces of the mouth. It is probably not coincidental that

many i nportant speech articul atory phenonena occur in the sane ora

region. (Gossnman 1964: 132)

Second, direct neasurenents of sensory acuity can be obtai ned from
experinents determning the mninmal distance for two-point discrimnation
in which subjects are asked to report whether they feel two points rather
than one froma caliper-like device. R ngel (1970) perfornmed such an
experinment on four regions of the vocal tract at the mdline and right and
left sides. The results (means of 25 subjects, in mllimeters, followed by

standard devi ations) are as foll ows:

(2)

Left M ddl e Ri ght
Upper Lip 2.47(.84)  2.31(.72) 2.49(.69)
Tongue Tip 1.82(.41) 1.70(.46) 1.72(.47)

Al veol ar Ri dge 3.21(1.39) 2.66(1.09) 3.20(1.29)

Soft Pal ate 2.95(1.17) 2.64(1.10) 3.06(1.26)
Unfortunately, there are no neasurenents of two-point discrimnation for
t he tongue-body or the pharynx. (The apparatus is rather |arge and woul d
probably excite the faucal gagging reflex.) Certainly, what we do see are

di fferences in sensory acuity anong different regions of the vocal tract.
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Furthernore, the tongue tip, an articulator that is associated with severa
phonol ogi cal features ([coronal], [distributed], and [anterior]) is
unusual |y sensitive

Third, another kind of evidence for the relative | ack of pharyngeal
sensory differentiation comes fromthe observation that the size of the
cortical projection of a body part corresponds to its sensory acuity.
Penfield and Rasnussen's (1950) sensory honuncul us, deduced from
experinments involving | owvoltage stinulation of the cortex in conscious
pati ents undergoing brain surgery, shows that the whole pharynx is about
hal f the size, sensorily speaking, of the tongue, which includes two
articulators. There may also be a simlar equivalence for the |ips.®

The avail abl e evidence on differential sensitivity within the ora
vocal tract is not wonderfully detailed, but it is sufficient to provide at
| east some support for the followi ng speculation. Wth respect to
orosensation, the regions of the vocal tract covered by each of the
features [labial], [coronal], [dorsal], and [pharyngeal] may be equal in
subj ective size. To be nore precise, inmagine determ ning a subjective unit
of measurenment for each region of the vocal tract based on the m ni num
di stance of two-point discrimnation in that region. The objective size of
this subjective unit will vary at different points in the vocal tract,
bei ng much greater in the nore poorly innervated posterior regions.
Measured in these "cognitive units", the different regions of the voca
tract m ght be of approximately equal size. Morever, the regions
t hensel ves can be defined as areas where the objective size of the
cognitive unit of neasure is roughly constant. |In this way, orosensation
provi des a kind of quantization of the vocal tract into featural regions,
as Perkell (1980) suggests. Since the anterior active articulators
contribute significantly to orosensation (the lower |ip and the tongue tip
being particularly sensitive), the correspondence between active
articulators and the place features [labial], [coronal], and [dorsal] is

not so unexpect ed.
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The orosensory target nodel is not the only possible approach to the
probl em posed by the feature [pharyngeal]. One obvious alternative is that
t he pharynx has a uniform characterization in notoric ternms. Cearly this
is not true at the | owest level: the uvular constriction is presumably made
primarily by a gesture of the styloglossus, while the true pharyngeal s §
and h are formed by the pharyngeal constrictors and the glottals are nmade
by the intrinsic muscles of the larynx. But it is certainly possible that
t hese consonants forma notoric unity at some nuch higher |evel.’

Anot her approach to [pharyngeal] place is suggested by Hess's (1990)
work. Hess presents a factor analysis (see Jackson 1988) based on x-ray
tracings fromtw speakers of Damascene Arabic and one speaker of Tunisian
The segnments with pharyngeal articulation include the pharyngeal consonants
§f and h, the enphatics S and T, the vocalic near-phonenes a and & and the
vocal ic all ophones | and U Non-pharyngeals in the data set are k, t, s,

i, and u.

One factor that she obtains corresponds to retraction of the tongue
root along a horizontal axis through the epiglottis, acconpanied by raising
of the larynx and posterior novenent of the upper pharyngeal wall. This
factor basically distinguishes pharyngeal articul ati on from non-pharyngeal
and Hess characterizes it by the feature [radical]. The other factor
i nvol ves | owering the tongue dorsum retracting the tongue root, and
raising the larynx. This factor distinguishes the |ow pharyngealsn, §, g,
and eefromthe others, and Hess characterizes this factor as [l ow.®

The nmost rel evant aspect of Hess's study is the conclusion that the
same factor is responsible for the pharyngeal constriction in both
pharyngeal i zed coronals like S and T and prinmary pharyngeals like § and h,
despite the fact that these pharyngeal constrictions are w dely separated
fromone another. As Hess (1990: 13) observes, "Factor analysis has
ascribed the difference to the influence of the tongue blade in the
pharyngeal i zed segnents and gi ven us one factor for retraction." The

uvul ars 8, X, and g have a constriction in the upper pharynx very simlar
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to that of Sor T, so it is inmportant to know whether the same factor could
produce upper pharyngeal retraction for them Unfortunately, Hess did not
i nclude the uvulars in her study, so this approach nust remain specul ative
for now

To sumup, the guttural class is defined by the place of articulation
feature [pharyngeal]. | have suggested that the basis for such a broad
cl ass, enconpassi ng about half the Iength of the vocal tract, can be found
in Perkell's (1980) notion of distinctive features as correl ati ons of
di stinctive acoustic events and orosensory targets. Differences between
[ pharyngeal ] and other place or articulator features plausibly follow from
the large differences between the pharynx and the oral vocal tract in

sensory innervation.

X.3 Evidence for the Natural Class of Cutturals

We now turn to the phonol ogy, considering a nunber of argunents for
the gutturals as a natural class. Evidence cones primarily fromthe
synchroni ¢ phonol ogy of Semitic |anguages, w th occasional forays into the
Cushitic material adduced by Hayward and Hayward (1989). The material is
classified according to the phonol ogical role of the guttural class:
cooccurrence restrictions, vowel |owering, avoidance of syllable-fina
position, and degem nation. W shall also | ook at some historical changes
affecting gutturals in Semtic.

The follow ng chart gives the consonant system of Standard Arabi c;
all of the consonants in the colums | abel ed Enphatic, Uvul ar, Pharyngeal

and Laryngeal have [pharyngeal] conponents in their articul ation
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(3)
Labi al Cor onal Enphatic Vel ar Uvul ar Pharyngeal Laryngea
t T k q 1
b d D g
f 0, s S X h h
0, z Z B S
I
I, r
m n
W,y

Oiginal g is realized by nmany speakers as the pal atoal veol ar affricate dz;
nevertheless, it patterns as a velar with respect to the root cooccurrence
restrictions (section X.3.1) and assimlation of the definite article in
Standard Arabic. The consonants with a [pharyngeal] constriction include
the gutturals x, 8, b, §, 7, and h, the uvular stop g, and the
pharyngeal i zed coronals or "enphatics" T, D, S, and Z  The phenonena I

wi || be anal yzing throughout this section affect only the gutturals proper,
not the pharyngealized coronals or the uvular stopg. The simlarities and
di fferences between gutturals and ot her consonants with [ pharyngeal]
constriction are discussed in section X 4.

Since the evidence conmes nostly froma single | anguage famly,
Semtic, an objection naturally cones to mnd. Could the natural class of
gutturals be an idiosyncratic property of this |language famly, with no
bearing on a universal feature theory? The notion "idiosyncratic property
of a language fam |y" makes sense only as a clai mabout |anguage history.
But a phonol ogical rule referring to gutturals that is an innovation in a
particular Semitic |anguage cannot be inherited fromthe proto-|anguage; in
this case, appeal to a Semitic idiosyncrasy is purely nystical, since there
i s no mechani sm by which | anguage | earners m ght discover this idiosyncrasy

and apply it in a novel rule. The only sensible account is that the



18

natural class of gutturals is already available to | anguage | earners from

linguistic theory; they could not discover it fromtheir Semitic heritage.

X. 3.1 Root Consonant Cooccurrence Restrictions on Qutturals

The |l exicon of the Senmitic | anguages is organi zed around a sequence
of two, three, or four consonants called the root. It has |ong been known
that certain conbinations of consonants in the sane root are avoided
al t hough this matter was not investigated systematically until G eenberg
(1950). Since then, other studies (MCarthy 1985, Mayati 1987) have
| ooked at the evidence with different lexical material and different
statistical methods and have extended the results to other |anguages
(Amharic (Bender and Ful ass 1978), Hebrew (Koskinen 1964), Qafar (Hayward
and Hayward 1989)).

The basic observation is that consonants within the same root cannot
be homorganic (with certain qualifications). |In Arabic, roots rarely or
never contain adjacent consonants fromany of the follow ng sets:

(4)

a. Labials = {f, b, n}

b. Coronal Sonorants = {I, r, n}

c. Coronal Stops = {t, d, T, D}

d. Coronal Fricatives = {6, o, s, z, S, Z [}

e. Velars = {g, k, q}

f. @Qutturals = {x, 8, h, §, h, 7}

In addition to the classes in (4), there is considerabl e avoi dance of roots
t hat conbi ne coronal stops and fricatives (G eenberg (1950), cf. Yip
(1989)) and, as we will see later (section X 4), a significant patterning
of the uvulars x and B with the velars as well as with the gutturals. The
high glides wand y may al so be subject to cooccurrence restrictions, but
for other reasons this is difficult to establish.

Evi dence in support of (4) is statistical rather than categorical.

The table in (5) shows the nunber of roots conbi ni ng adjacent consonants in
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the order row colum. For exanmple, the root ktb is counted twice, in row
gk, colum td, and in rowtd, colum bfm Qutlining and shadi ng hi ghli ght
cells with frequencies significantly |ower than expected (shaded: p < .O05;
outlined: p < .005; x* on 1 degree of freedonm). Since Arabic independently
di sal | ows adj acent identical root consonants (MCarthy 1981, 1986), these
combi nati ons were not included in the computati on of expected frequencies.
Cells containing X have 0 frequency because of this prohibition on adjacent

i dentical consonants.

(5)

| bf m td TD LX) 4 SZ [ gk q XH Th th Ir n wy
bf m |0_| 76 57 24 68 28 32 43 43 31 79 44 180 40 91
td 68
TD 61
[Ne] 29
sz 87
Sz 52
I 41
gk 75
q 51
XB 70
fh 91
th 67
Ir 149
n 55
Wy 83

Sim | ar observations can be made about non-adjacent root consonants (k and
b in the root ktb), but the effects are not as robust.
Qur particular concern, of course, is with the gutturals. Roots

combi ning two gutturals are significantly infrequent. |If gutturals freely
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conmbi ned in roots, we would expect to have 114 roots containing adjacent
non-identical gutturals, but in fact there are just 11. (For non-adjacent
gutturals, the expected frequency is 79 and the observed frequency is 36.)
I nspection of (5) shows that the whole guttural class defines a bl ock of
cells with 0 frequency, significantly |ow frequency, or both. Thus, this
phenomenon requires reference to the gutturals as a natural class.

Formal accounts of the Semtic root cooccurrence restrictions and
simlar dissimlatory constraints begin with McCarthy (1985) and conti nue
with Mester (1986), Yip (1989), Selkirk (1988), Dresher (1989), and Padgett
(1991). The last three studies have nost strongly influenced the
refinenents | offer here.

In the sinplest case, that of the prohibition against a root
containing two |abials, we need to rule out hypothetical representations of

a non-occurring root like *fbt:

(6)

a. *[ 1 abi al ] [ coronal ]
f b t

b. *[labial] [labial] [coqonaﬁ
l b t

It is reasonable to suggest that the branching configuration in (6a) is
rul ed out universally fromunderlying representations; it can arise only in
derived representations, through the application of Place Assimlation
This principle can be fornul ated as foll ows:
(7) No-Branching Condition
* 0 Pl ace Node

d////\\\\b Root Node
The No-Branching Condition prohibits representations that contain a single
Pl ace node branching to two Root nodes. This constraint holds of

underlying representation but is explicitly overridden by rules of Place

Assimilation in Arabic and el sewhere.?®
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The other way to represent a prohibited root like fbt is (6b), with
two i nstances of the feature [labial]. The inpossibility of (6b) is
determ ned by the Obligatory Contour Principle (Leben 1973, CGoldsmith 1976,
McCarthy 1981, 1986), formul ated nost generally as in (8):

(8) Obligatory Contour Principle (OCP)

Adj acent identical elements are prohibited.
The OCP functions categorically in Arabic phonol ogy to exclude adjacent
i dentical consonants within a root -- thus, applied to entire segnents, it
absolutely prohibits roots Iike Gf or SfC (M Carthy 1981, 1986).

Dresher (1989), Selkirk (1991), and Padgett (1991) have suggested
that the scope or domain of the OCP can be limted by statenents
restricting its applicability to a particular feature in a particul ar
context. Specifically, in the phonology of Arabic, the features
[continuant] and [sonorant] define separate domai ns of cooccurrence for
[coronal ]:

(9) Domain of OCP

a. [coronal] /
[acont]
b. [coronal] /
[ ason]
The first restriction on the scope of the OCP is not absolute, since there
is a weaker prohibition on roots containing two coronals that differ in
[continuant].™

Subj ect to these qualifications, the systemdescribed will mark as
ill-formed any root containing two honorgani c consonants. The system via
the OCP and (7), refers to [pharyngeal] as well as the famliar Place
features [labial], [coronal], and [dorsal]. |In this respect, the feature
defining the guttural class functions like all other features

characterizing a place of articulation or active articul ator.
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X.3.2 Vowel Lowering in Guttural Context
In the basic derivational class of the Arabic verb, perfect and
i nperfect verbs alternate in the quality of the thematic vowel, the | ast
vowel of the stem katab 'wote', yaktub "wites'. Roots are assigned to
one of five Ablaut classes according to which thematic vowels they have in
the perfect and inperfect. The follow ng chart gives the frequency of the

five types, based on all relevant verbs (including doublets) occurring in

Vehr (1971):
(10)
Abl aut d ass Exanpl e Fr equency
alu kat ab/ yakt ub ‘wite' 1029
ali Dar ab/yaDri b ' beat’ 842
ila fari b/ yafrab "drink' 518
ala fafal / yaf Sal ' do' 436
u/u bal ud/ yabl ud "be stupid 191

Menbership in the u/u class is semantically determ ned; all u/u verbs are
statives. The i/a class is often intransitive or stative, but not
i nvari ably so. Menbership in classes a/u or ali is entirely unpredictable
-- that is, it nust be specified for each lexical item™

Menbership in the a/a Ablaut class, though, is phonol ogically
conditioned. O the 436 a/a verbs, 411 contain a guttural consonant
adj acent to the inperfect thematic vowel a. Exanples include verbs like
fafal /yafSal 'do' with the guttural preceding the ablauting vowel and verbs
i ke rada$/yardal 'prevent' with the guttural follow ng the abl auting
vowel . The thematic vowel a replaces u or i, which are not usually found
in the inperfect of guttural roots.

The | owering of the thematic vowel under adjacency to a guttural is
parall eled by raising triggered by a high glide wor y. An exam nation of

roots containing both a guttural and a high glide shows that the high glide
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prevails in case of conflict. There is, then, a rule raising vowels near
hi gh glides that undoes the effect of |owering next to a guttural

Besides this pattern, there is a significant residue of 118 guttura
verbs that do not evidence |owering, although about half (55) have | owering
as a variant pronunciation. Curiously, the uvular gutturals are

represented di sproportionately anong these exceptions:

(11)
Gut t ural Frequency in Nunber of Rati o
Root 11/111 Exceptions

1 114 6 .05

h 138 21 .15

S 234 30 .13

h 183 30 .16

B 66 20 .30

X 85 31 . 36

That is, there are about twi ce as nany exceptions to Guttural Lowering
anong the uvulars as there are anong the pharyngeal s, though the |aryngeals
and pharyngeals clearly pattern alike. This is perhaps related to the fact
that the uvular gutturals have sonme of the characteristics of conplex
segnents, with sinultaneous [pharyngeal] and [dorsal] specifications (see
section X 4).

We have now extablished an accurate descriptive generalization and so
we can consider howto fornulate the rule. The central question is why
gutturals have a lowering effect on vowels. There is abundant phonetic
evi dence that | ow vowel s invol ve sone pharyngeal constriction (Delattre
1971, Perkell 1971, Wod 1979), with concom tant acoustic simlarities
between a and the gutturals (high F1). Cdearly, this requires that
[ pharyngeal ] be assigned to | ow vowels as well as guttural consonants.

This is close to the position in SPE, where | ow vowel s, pharyngeal s, and
| aryngeals are all [+low]. It is also the view taken by Perkell (1971),

based on Halle and Stevens (1969), where | ow vowel s and pharyngea
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consonants are marked [Constricted Pharynx] (cf. Kiparsky (1974)). Recent
work by van der Hul st (1988), Hayward and Hayward (1989), Gorecka (1989),
Lowenst amm and Prunet (1989), Prunet (1990), Herzallah (1990), and Sel kirk
(1991) further pursues this and rel ated ideas.

Wthin this theory, the rule of Guttural Lowering will be formulated
as follows (I use "C'" and "V' to stand for the Root nodes of consonants and
vowel s):

(12) Arabic Guttural Lowering (Final Version)

C Vo Cl o imertect siem
[ phar yngeal ] Condition: Mrror-imge rule
That is, [pharyngeal] spreads fromany guttural to the adjacent thematic
vowel , changing it toa. This is essentially the formof Guttural Lowering
in Herzallah (1990), who further devel ops the analysis of this phenonenon
in MCarthy (1989). This account raises further questions about the nature
of vowel height distinctions, but we cannot pursue those here.

Two ot her exanples of guttural |owering conme from Ti berian Hebrew,
one of the pronunciation traditions for Biblical Hebrew. There is a
considerable literature on Hebrew phonol ogy, including in particular Prince
(1975), Malone (1984), and McCarthy (1979). The overall structure of the
analysis is drawn fromthese works w thout special attribution; when a
particular insight is inportant, though, | have attenpted to note its
sour ce. *?

One of the central problens in Hebrew phonology is the treatnent of
schwa. The Tiberian vocalization systemrepresents four types of schwa: a-
colored 2 e-colored & o-colored 2 and neutral or plain a. The colored
schwas are often associated with guttural contexts, and so they will be our
focus bel ow.

The rul e of Vowel Reduction, which affects short unstressed vowels in
open syllables, is a major source of schwas in the | anguage. One of many

pl aces where Vowel Reduction occurs is the initial syllable of the plura
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nouns in (13a); conpare the sane syllable in the guttural-initial nouns of
(13b):
(13) Singular Pl ur al

a. Plain-initial Nouns

mel ek mel akim ' ki ng'
geber gebar im 'grave'
seper separIm ' book'
qgodef g°dafim "hol i ness’

b. Guttural-initial Nouns

?eben banim ' stone'
hebel h®bal Im ' vapor'
heder h®dar 1m "room

feder f8dar 1m "flock'
hodef nh°dafim ' nont h'

Roundi ng of the stem vowel o0 persists under reduction, usually with an
initial guttural and less regularly otherwi se. Apart fromthat, the
consistent picture is one where gutturals are foll owed by a-col ored schwa,
while non-gutturals are followed by plain schwa. This is a pervasive
regularity of the |anguage, so much so that plain schwa is never found
after a guttural (in a search of the whole Pentateuch). Schwa before a

guttural is not affected: conpare the singular/plural pair bafal/bsfal im

"master' .

A second source of schwas in Hebrew is epenthesis into
unsyl | abi fi abl e consonant clusters. Hebrew has many surface CVCVC nouns
with penult stress. Since penult stress is otherw se inpossible in
consonant-final words, these nouns are anal yzed as underlying /CVCC with
stress and epenthesis applied in that order. The epenthesis rule is

responsible for alternations like the foll ow ng:
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Under | yi ng Si ngul ar

a. Plain Roots

/ mal k/ mel gk " ki ng/ ny king'
/sipr/ seper ' book

/ qudJ/ qodef "hol i ness

b. Medial Guttural Roots

/ baSl / baSal "master’

/ kanf/ kahaf "lying'

/1 ahb/ | ahab "flane'

[tutr/ totar "formhis forn

The bol df ace vowel in (14) is epenthetic, and from (14b) it is clear that
this vowel is lowered by a preceding guttural.

Prince (1975) and Garr (1989) argue that the epenthetic vowel in (14)
is actually schwa, so (14b) evidences the same guttural lowering rule as
(13). The argunent for epenthesis of @ rests on a central distributiona

0

fact of Hebrew. the reduced vowels o, 2 £ and 2 never occur in closed

syllables. This distributional evidence is supported by the alternation in

(15a) .
(15)
a.
[ dabar/ dabar debar di bre "word/word of /words of
b
/ hakan hakam h®kam hakme "wi se/wi se of/wise (pl) of'

The internmedi ate representati on deberé | oses the second of two adjacent
schwas by a separate rule, yielding debré. The realization of schwa in
this non-final closed syllable isi. The choice between the e realization

of schwa in nelek and the i realization of schwa in dibre reflects a
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anot her general distributional fact of the |anguage: i never occurs in
closed final syllables and e never occurs in closed nedial syllables.*

We can now return to the behavior of medial guttural roots in (14b).
We know fromthe previous discussion that Hebrew has a rule | owering schwa
to 2 after a guttural (13b). The epenthetic schwa of nedial guttural roots
l'i ke bafal (from/bafel/) behaves in exactly that way. Its realization is
the full vowel a rather than a the reduced vowel 2 for prosodic reasons --
because the syllable is closed (conpare (15b)). The rule of CGuttura
Lowering in Hebrew affects only a guttural-plus-schwa sequence in that
order:

(16) Hebrew Guttural Lowering I

- v
[phar?ﬁéeal] Condition: Feature-filling
The intent of the condition restricting (16) to feature-filling

applications is to block the rule fromlowering any vowel other than the
featurel ess vowel schwa.

Hebrew has anot her rule of vowel [owering induced by gutturals, but
inthis case the guttural nust follow the affected vowel. Nouns of the

same type as (14) but with final gutturals are exenplified in (17):

(17)

[ zar§/ zeraf zar 1 'seed/ ny seed
/ m Sh/ meSan m Sho "brow his brow
[ tur n/ 7or ah for hi "way'

/ gubh/ gobah gobha " hei ght

The bol df ace vowel in (17) has been | owered under the influence of the
following guttural. Final ? deletes after triggering epenthesis but before
| owering: /pal? -> pele 'wonder'.

I's this phenomenon an indication that (16) should be a mrror-imge
rule or is it the result of a distinct process? There are two argunents
for the latter. First, lowering in final guttural words |ike zeral nust

apply later in the derivation than Iowering in medial guttural words like
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bafal. The reason has to do with the vowel of the first syllable, in both
cases derived fromunderlying /a/. |In zeraf, this vowel has um auted to g,
like nel ek, but unlike bafal. Therefore |owering in bafal nust precede

um aut, but lowering in zeral must follow unm aut (Ml one 1984).

Besides this difference in ordering, a nore significant indication
that pre-guttural lowering is a distinct rule from (16) is that pre-
guttural lowering affects not only schwa, but any vowel before a

tautosyl l abic root-final guttural (Ml one 1978):

(18)

Under | yi ng Sur f ace Conmpar e

a.

/ Janme$/ famaf [anefa 'he heard/they heard
/ gaboh/ gebah gebshim "high of/high (pl.)
b.

/ non/ noah " mar r ow

/ nah/ noah 'em nency

[ rah/ ruah rahi "spirit/ny spirit

! Jas/ fual ‘cry'

[ Tin/ Ti ah ' coating'

/ s' amen/ s' anmeah s' anmEhIm " gl ad/ pl .

There are sporadi c exanples of (18a) with etynologic *r as the trigger
Accepting Malone's interpretation of the orthography for (18b), we can see
that any short vowel and the second nora of a long vowel are |lowered by a
followi ng tautosyllabic guttural (stemfinally). This feature-changing
process is clearly distinct fromthe feature-filling guttural assimlation

rule (16), and so it requires a different fornul ati on:
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(19) Hebrew Guttural Lowering I

[ pharyngeal ]
This rule affects an entire short vowel (18a) but only the second nora of a
| ong vowel (18b).

In a conpletely separate historical devel opnent, Bedouin Arabic al so
has a fully productive rule lowering a vowel after a guttural consonant.
This process is docunented in treatnments of various Bedouin dial ects,

i ncl udi ng Johnstone (1967), Abboud (1979), Al-Mbzainy (1981), Prochazka
(1988), Irshied and Kenstowi cz (1984), and Irshied (1984). The data here
cone fromthe "Anaiza (Saudi Arabia) dialect described by Johnstone, who
provi des the nost extensive exenplification

Thi s | anguage has a pervasive rule of vowel raising, which applies to
any short a in an open syllable:

(20) Raising

a->i [/ C_1],

Rai sing is responsible for alternations in paradigns |ike the follow ng:

(21)
a. / kat ab/ kitab "he wote'
/ kat abat / kt i_bat 'she wote'
b. [ sami §/ sim§ 'he heard
/ sam Sat / sanfat 'she heard
C. /jamal / j Lnal ' canel
/j amal uh/ jmluh "his camel
d. / bagar/ bi_gar 'cows'
/ bagar ah/ bgirih 'a cow

Si nce Bedouin Arabic has only a very limted distinction between short i
and u, the output of Raising is quite variable and dependent on consonant al
context, ranging fromu or ; in sonme |abial contexts to : in enphatic

contexts to i el sewhere.



30

There are, however, various circunstances where Raising is
systematically bl ocked or undone, so that a short a does occur in an open

syllable. O these, the relevant one is after a guttural:

(22)

fakal "he ate' habaT "it becane flat (hair)
hajiin ' canel sp.

fazam "he invited hamal "he carried

fasiib "pal m | eaf’ hariim " wonen'

baafat uh "she sold it' hasuud ' envi ous

saSab "he forced xazan "he stored

sariib ' strange’ xasiis 'bad (person)

bgat uh "she wanted hinml taxxatuh "she hit himn

sayuur ' j eal ous’ xal uuf 'she-canel sp.'

sabuug "evening ml k'

Vowel s before short i are raised even when a guttural precedes (gidib 'he
got angry', SiTi[ 'he becane thirsty'), but this is caused by a different
rule that is not our concern here. There is striking support for Raising
and Guttural Lowering froma secret |anguage that pernutes the root
consonants (Al -Mzainy 1981). 1In this secret |anguage, Raising applies or

not, exactly as expected:

(23)
Nor mal Form Secret Language Forns
difaf ' he pushed' fidaS

fadaf
Rai sing and Guttural Lowering are productive rules of the |exical phonol ogy
of Bedouin Arabic, applicable in secret |anguage fornms and in | oans.
These various rules do not exhaust the Senitic evidence of a strong
preference for low vowels in guttural contexts. For exanple, the
epent hetic vowel in Lebanese Arabic (Haddad 1984: 46), normallyi, is
realized as a when adjacent to a guttural: balaf 'swallow ng', [ifar

"poetry', jarah 'wounding'. Hayward and Hayward (1989) observe that in
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many Ethiopian Semitic | anguages (Tigrinya, Harari, Gafat, Amharic) the
opposition between md and | ow central vowel phonenmes is neutralized to | ow
when tautosyllabic with a guttural. Qutside Semtic, a connection between
| ow vowel s and | aryngeal or other guttural consonants has been observed in
the Cushitic | anguage D opaasunte (Hayward and Hayward 1989), the Chadic
| anguage Kera ((Qdden 1988), the At habaskan | anguage Carrier (Prunet 1990),
and the Tsinshi an | anguage N sgha (Shaw 1987).

In sum the material shows that, with respect to vowel |owering, al
three guttural types -- uvular, pharyngeal, and | aryngeal -- behave ali ke.
The core result, of course, is that all these generalizations require that

we identify the gutturals as a natural class.

X. 3.3 Avoidance of Syllable-final Gutturals

An equal |y robust but sonewhat nore puzzling phenonenon is a
prohibition on guttural codas. |In a typical case, a CVGCV sequence, where
Gis a guttural, becomes CVGVCV by epenthesis, so that the guttural becones
the onset of a new syllable and is shifted out of coda position.

One case of this sort is found in various Bedouin Arabic dialects
(Mtchell (1960), Johnstone (1967), Blanc (1970), Abboud (1979), Al -Mbzainy
(1981), Irshied (1984)). Blanc dubs it the gahdwah syndrone after the word
'coffee', an exanple of the phenomenon.

In Negev Bedouin Arabic (Blanc 1970), GGCVC, where Gis a guttural

becones CaGCVC. Conpare the plain and guttural roots in (24):
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(24)

Pl ai n Root s Quttural Roots

yajrab "he drinks' yaharj " he speaks

afrab "1 drink' anhal am "1 drean
afar f "I know
axabar "1 know

tafrab "you dri nk’ t ahal am "you dream
tafarf "you know
t axabar "you know

bnafr ab "we drink’ bnasazi | "we spin'

Apparently this dialect has |ost ? altogether, though other Bedouin
di al ects have retained ? in sonme contexts (but not syllable-finally). As
in Hebrew, there is no epenthesis after word-final or stemfinal gutturals:

rawahn/ rawmanna ' he/we (f.s.) went honme'; balah 'dates', nanal 'he

prohibits', difafna 'we pushed'. This follows if stemfinal consonants are
extrasyl |l abi c and so not subject to a requirenent inposed on codas.™
In Al -Mzainy's (1981) Bedouin Hijazi dialect, words |ike gahawah

undergo a further transformation to energe as ghawa:
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(25)
Pl ai n Root GQuttural Roots
Col or Adjectives
sawda ' bl ack’ bsaba ' gray
dhama ' dark red
Verb Form X
7i stasl am ' he surrendered tistfazal 'he got in a hurry'
Ti sgafar ' he asked forgiveness
Form | Passive Participle
makt uub 'witten' mxaSuur ' negl ect ed
nfazuum 'invited
nhazuum ' tied'
nfaduur ' excused
Form 1 | nperfect
yaJrab ' he drinks' yxadi m ' he serves
yhaki m ' he governs
The Hijazi fornms in (25) undergo an additional rule (called Elision by
I rshied and Kenstow cz (1984), who provide a convincing rationale for it)
that deletes a in a ___ CVCV context. Elision applies to the output of
post-guttural epenthesis (Abboud 1979: 471; Al -Mzainy 1981: 172), so the
derivation proceeds: /yaxdim -> /yaxadim -> yxadim'he serves'.®®
Post-guttural epenthesis is restricted to syllables containing the
vowel a. Wth syllables containing a high vowl preceding the guttural

there is no epenthesis: tintirimtihtarm h 'she respects/she respects himn

(Al - Mbzainy 1981: 238). Thus, the descriptive generalization is that
syl l able-final gutturals are prohibited just in case the precedi ng vowe
a. Formally, we require a well-formedness condition sonething like the

fol | owi ng:

is



(26) Bedoui n Arabic Syll abic Cooccurrence Condition
* v cl,
[ pharngeaI 11 phari/ngeal ]

The condition on the preceding vowel is a kind of OCP-triggered
dissimlation, prohibiting two [pharyngeal]s within the rhyme domain of the
syll able. Like guttural |owering, this phenomenon shows both the need for
a guttural class and a simlarity between gutturals and | ow vowel s.

Hebrew, though, prohibits guttural codas regardless of the preceding
vowel , al so resol ving them by epent hesi s:

(27)

a. Plain Roots

yi kt b "he will wite'
hi frzd "he anni hil ated'
hufl ak "he was thrown'

b. Guttural Roots

yasinod "he will stand'
yeh®zaq "he is strong'
yah®pok "he will turn'
ye?®sop "he will gather'
heS®mid "he made stand'
henh®z1q ' he strengthened
yoS°mad- "he is made to stand'

In some words ? is lost syllable-finally, so epenthesis does not happen.
The process is subject to exceptions and sone other conplications (cf.
Mal one (1984:94)).

The quality of the inserted schwa in (27b) is obviously determ ned by
the quality of the preceding vowel; | deal with this matter el sewhere
(McCarthy forthcomng). The fact that a schwa rather than a full vowel is
inserted is typical of Hebrew (see section X.3.2). Therefore, the only
real issue is that of prohibiting syllable-final gutturals, which we can

acconplish by the followi ng coda condition (cf. 1té (1986, 1989)):
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(28) Hebrew Coda Condition

* d,
[pharJngeaH

This constraint sinmply marks as ill-formed any syllable with a guttura

coda. Epenthesis repairs violations of the Coda Condition (28) by

i nserting schwa, which then harnonizes with the preceding vowel across the

intervening guttural. The Coda Condition does not affect word-final or

even stemfinal gutturals: [amaf 'he heard, [alahtT 'I| sent', yedaftem'you

knew , yeadaSt ika '|I knew you' (but 1st pl. ysada$nuka 'we knew you'). This

follows, as in Bedouin Arabic, if we suppose that stemfinal consonants are

extrasyl | abi ¢ and hence not subject to the Coda Condition.

An exam nation of Tigre (Ethiopian Semtic) verb paradi gns shows

virtually the sanme rule in that |anguage

(29)

Pl ai n Root s GQuttural Roots

t sqnaS 'you get up' t ehgsab "you wash
ganSa "he got up' Safana " he | oaded
ganaSko "I got up' bal fako "I ate'

| eganSo "they get up' | 8Sfano "they | oad'

The Tigre gutturals are the same as those of Hebrew (but see section X 5).
In the published material on Tigre (Leslau 1945, Pal ner 1956, 1962, Raz
1983), | have not located a plain statement of the generality of this
phenomenon or the further deletion in the second two exanpl es.
Neverthel ess, it seens quite clear that there is a process inserting a copy
of the preceding vowel after any syllable-final (but not word-final)
gut t ur al

To sumup, the class of gutturals, defined by the feature
[ pharyngeal ], is required to characterize the consonants prohibited in
stem nedi al coda position in Hebrew and Tigre. Bedouin Arabic al so
prohibits gutturals in the coda, but only after a | ow vowel, perhaps as a

kind of dissimlation.
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X.3.4 cCuttural Degenination
Hebrew and Tigre also exhibit a prohibition on gem nate gutturals, a
phenomenon that is perhaps to be related to (28). In Hebrew, gem nate
gutturals are sinplified wi thout exception. This is clear froma

conmparison of plain and guttural roots in exanples |like the foll ow ng:

(30)

Pl ai n Root GQuttural Roots

di bber "he said' nE?en "he refused

/yintel ->yitten 'he gives' /yinhat/ -> yeéhat 'he marches
down'

dal I Im "weak ones' rasim "evil ones’

Di scussions of this phenonenon appear in Prince (1975:219f.), Ml one (1978
1984: 79), and Lowenstamm and Kaye (1986). @uttural degemi nation itself is
strai ghtforward, though the compensatory | engthening seen in the cited
exanpl es does not always occur (cf. Prince 1975).%

Li kewise in Tigre (Leslau 1945, Pal ner 1956, 1962, Raz 1983),

gutturals are degenm nated. Conpare the follow ng plain and guttural roots:

(31)
t egarr aCa "he was cut off’ t sbatasa "he quarrel ed
| eganna$S 'he gets up’ | 8Sfen 'he | oads

Raz and Lesl au descri be dialects where the high glides wand y are al so
degenmi nated, but this is not true in Palmer's material. Thus, it seens
appropriate to see the degem nation of gutturals and of high glides as two
separate generalizations.

It is straightforward to wite a rule sinplifying gem nate gutturals
or prohibiting their creation. Sonething Iike the follow ng would do and
woul d accord with the fact that |anguages frequently inpose conditions on

whi ch gem nates are licit.
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(32) Guttural Degem nation

* o o

g
[phaJyngeaK
Violations of this constraint are repaired in the nost straightforward way,
by del i nki ng and conpensatory | engt heni ng.

Quttural Degem nation may be related to the Coda Condition in both
Hebrew and Tigre. |If gutturals are prohibited in syllable codas, then they
cannot be geminated either, since the left branch of a gemnate is
necessarily a coda. Although this nove is appealing, it does lead to a
significant conflict with Ité's (1986) results about the applicability of
t he Linking Condition (Hayes 1986) to coda conditions like (28). [1td shows
that gemi nates constitute a systematic exception to coda conditions in
ot her | anguages. Until this conflict is resolved, Quttural Degem nation
and the Coda Condition should be regarded as separate pieces of evidence

for the natural class of gutturals.

X.3.5 Interim Summary

The evi dence presented establishes the existence of a natural class
of gutturals and thus provides direct support for the clains about the
feature [pharyngeal]. The evidence neets the various criteria established
at the outset. First, it involves robust, well-attested phenonena that
come from historically independent innovations of different |anguages
within the Semtic famly. Second, the evidence is entirely synchronic
rather than historical. Third, the evidence conmes from several different
types of processes: root cooccurrence restrictions, vowel |owering, and
conditions on syllable position and gem nation. Fourth, the evidence cones
fromall levels of representation, not just deep norphophonenics and not

just the surface.
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X.4 Pharyngeal s and Pharyngeal i zation

Thus far we have discussed only the guttural consonants. The goal of
this section is to provide sone initial suggestions about how to integrate
t he pharyngeal i zed sounds -- the coronal enphatics andg -- into the
anal ysis. The phonetic and phonol ogi cal evidence shows that the
pharyngeal i zed consonants share the feature [pharyngeal] with gutturals,
al t hough they al so have a primary oral articulation.

In addition to the gutturals, the Senmitic |anguages have a cl ass of
sounds call ed enphatics, with what is traditionally regarded as a secondary
pharyngeal constriction. |In Standard Arabic, the enphatics include the
coronal fricatives S and Z (the latter often interdental), the corona
stops T and D, and the uvular stop g. The coronals contrast with
correspondi ng nonenphatics s, z/9, t, and d, while g contrasts with the
vel ar stop k. Oher Senmitic |anguages have a subset of the Standard Arabic
enphatics, and in South Semtic | anguages |ike Tigre the enphatics are
realized phonetically as ejectives.

Ghazeli's (1977) x-ray study deals with the enphatics of Tunisian
Arabic in great detail. H s observations about the coronal enphatics are
confirned el sewhere in the literature (by Ali and Daniloff (1972), Al -Ani
(1970), and Bukshai sha (1985)), and his observations about the uvular stop
q are confirned by Delattre (1971). Despite differences in details, the
overal|l picture is consistent: the enphatics and g have a constriction in
t he upper pharynx sinmlar to that of the uvular gutturals x and g
Al t hough there are suggestions (Keating 1988) that Arabic dialects differ
in the location of the secondary constriction of enphatics (with some
showing a low, S-like constriction), this does not seemto be true; al
studi es, now enconpassi ng several different dialect areas, find that the
enphatics have a constriction in the upper pharynx. The so-called
pharyngeal i zed consonants of Arabic should really be called uvul ari zed.

The phonetic evidence establishes inportant points of simlarity

between the gutturals and the emphatics. Broadly, the gutturals and the
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enphatics share constriction in the pharynx, and narrowy, the uvul ar
gutturals share with g and the coronal enphatics a constriction in the
oropharynx produced by raising and retracting the tongue body. W expect
to find two principal types of phonol ogical patterning corresponding to
t hese phonetic resenbl ances: a class of primary and secondary [ pharyngeal ]
sounds, including gutturals, g, and enphatics; and a class of sounds with
[ pharyngeal ] constriction produced by the [dorsal] articulator, including
uvul ar gutturals, g, and enphatics.

A striking exanple of the first type of phonol ogical patterning cones
fromHerzallah's (1990) analysis of "ingla (raising/fronting) of the
fem nine suffix. In many Eastern Arabic dialects, the fem nine suffix,
historically -a, appears as -e or -i except when preceded by a [pharyngeal]
consonant. The follow ng data come from Syrian Arabic (Cowell 1964: 138,

Gotzfeld 1965: 45):

(33)

a. dar aze 'step’ kbire "l arge
medr ase ' school ' Jorke 'society'
xaf if e "light'

b. 79SSa "story' far 1Da ' br oad
xayyaTa ' seanstress' bayza " foul
Tabya ' cooki ng’ daggasa 'tanni ng’
mM1iha ' good’ wazha " di spl ay
Sanfa " handwor k' xor 7a 'rag

In dialects that have retained g, it too patterns with the consonants in

(33b), as does r when it is enphatic. Sone dialects distribute the

al I onorphs of this suffix according to different principles and some have

"inmel a everywhere, but the pattern in (33) is probably the nost w despread.
The synchroni c underlying representation of the the fem nine suffix

is anon-lowvowel e or i, with the exanples in (33b) derived by |owering

this vowel to a after any [pharyngeal] consonant. This lowering rule can

be stated as follows, essentially follow ng Herzallah (1990: 138):
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(34) Fenminine Suffix Lowering

This process is simlar to GQuttural Lowering (section X.3.2), but it is
triggered by any [pharyngeal] consonant, not just a guttural

O her evidence of the enphatic/guttural connection cones from
hi storical changes in which an enphatic lost its primary place of
articulation to becone a guttural. Two independent historical changes of
this sort have occurred in Semtic (Bl ake 1946, 214). First, some Ugaritic
words have g for original Z: conpare Arabic nZr with Ugaritic nsr 'guard
Second, original D became § in Aramaic: conpare Arabic 7arD with Aranaic
Pral 'earth'. 1In these cases, then, the primary [coronal] articulation is
| ost, thereby prompting the secondary [pharyngeal] one. The parallel to
sound changes like *k" > p in the history of Geek is obvious.*®

The ot her phonol ogi cal cl ass expected on phonetic grounds is defined
by oropharyngeal constriction -- that is, consonants that are both [dorsal]
and [ pharyngeal], including the enmphatics (S, Z T, and D) and the uvul ars
(d, X, and B). Since the definition of this class requires reference to
t he redundant [dorsal] specification of the coronal enphatics, it should
only be relevant in relatively late rules, after default [dorsal] has been
filled in. That seens to be the case.

This class plays a role in the conpl ex phenonenon of backing or
enphasis spread in Arabic. Perhaps the earliest description of this comes
from Sibawayhi (quoted in Younes (1982, 82)): "The back variant [of a]
occurs, that is the low vowel is not fronted, when it derives from
underlying w (or uu) and when i medi ately preceded or foll owed by one of
the follow ng consonants: S, Z T, D 8, X, 4, andr." Sincer is
contextually enmphatic, in our ternms this is the class of dorso-pharyngeal s.
Herzal | ah (1990: 181) describes a simlar process in Palestinian Arabic,
whi ch derives the inperfect thene vowel u fromi adjacent to a corona

enphatic or uvular, as spreading of [dorsal]. But there are many
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addi tional conplications and a full discussion of enphasis spread in Arabic
di al ects would require a nonograph rather than these few |lines.

Anot her phonol ogi cal class we woul d expect to find on phonetic
grounds is the set of underlying [dorsal] consonants: the velars and
uvulars k, g9, 4, X, and 8. |In Mroccan Arabic (Ahned Al aoui p.c. and Heath
1987: 254), consonant |abialization, realized as rounding on a follow ng
schwa, is restricted to the dorsals. The follow ng inperative verbs
exenmplify this:

(35) Moroccan Labialization

dx"sl "cone in!'
ne"sZ "prick!’
nqg“sl ' copy down!'
r g“ad 'sl eep!"’
nk“ar "deny!"’

Labialization is not permtted with other consonants, oral or guttural:
kteb "wite!', nfes 'sleep!'. Fornmally, this nmeans that the narking
conditions that describe the Mroccan Arabic consonants system nust contain
a statement |ike [+round] - [dorsal]

Even nore striking evidence for the underlying [dorsal] class cones
froman additional property of the system of root cooccurrence restrictions
in Arabic. Recall fromsection X. 3.1 that Arabic prohibits (with
exceptions) roots containing two consonants fromthe set {g, k, g} and
roots containing two consonants fromthe set {x, 8, h, §, h, 7. The first
set is actually inconplete, though; it should include the uvular gutturals
X and B as well. This patterning of the uvular continuants with both the
gutturals and the dorsals is apparent fromthe statistical evidence in (5).

This final observation about the dual patterning of x and g in the
system of root cooccurrence restrictions provides the strongest indication
that the uvular gutturals are conplex segnents, bearing sinultaneous
specifications for [dorsal] and [pharyngeal]. The coronal enphatics andg

are al so conpl ex segnents, with both oral and pharyngeal articul ations.
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Under standard feature-geonetry assunptions (C enents 1985, Sagey 1986,
McCarthy 1988), the various types of consonants are represented

approxi mately as foll ows:

(36)
a. Low Gutturals ?hhaS b. Uvular Gutturals xs
o Pl ace ///p Pl ace
[phalyngeal] [pharyngé;rI\rabrsaH
c. Coronal Enphatics TDSZ d. Uvular Stop g

o Pl ace //9 Pl ace

[coronalr/f;Aaryn;;;TT\TTdorsal]) [pharyng;;rI\Fabrsal]

Here, the redundant [dorsal] specification of the coronal enphatics is
parent hesized to indicate that it is not present in underlying
representation.

Thi s proposal resolves the issue of phonetic and phonol ogi ca
connecti ons between enphatics and gutturals, but it raises another question
of howto tell them apart phonologically. |In particular, howis the true
guttural class referred to in the rules developed in section X 3, and how
are the uvul ar gutturals distinguished fromthe uvul ar stop?’

Al t hough nore el aborate accounts based on the distinction between
primary and secondary articul ati ons are possi ble and may be correct
(McCarthy 1991b, Herzallah 1990), the npbst straightforward answer to these
guestions relies on the observation, noted originally in section X 2.1,
that the gutturals are approxi mants but the enphatics and q are not. Thus,
the guttural class is defined by the conjunction of the place feature
[ pharyngeal ] and the major class feature [approximant]. This makes good
sense of the evidence for the guttural class: the root cooccurrence
restrictions are known i ndependently to refer to another mgjor class
feature, [sonorant], to distinguish between the coronal sonorants and
obstruents; guttural lowering is typical of the robust effect that
approxi mants have on the quality of adjacent vowels; and rul es specifying

possi bl e codas or geminates nust often refer to major class features. The
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proposal in (36), then, makes the necessary distinctions while also
defining the right natural classes of guttural and pharyngealized

consonant s.

X.5 Concl usion

The maj or observation of this paper is that the gutturals of Semitic
constitute a natural class. The mpjor thesis is that sounds are classified
by place of articulation as well as articulator. |In particular, there is a
[ pharyngeal ] place of articulation, referring to the regi on from oropharynx
to larynx inclusive. Furthernore, | have argued that this region in the
articul atory space makes sense under Perkell's (1980) characterization of
features as "orosensory targets”, given what is known about the different
di stribution of sensory nerves in the vocal tract.

The principal source of evidence for this claimis the synchronic
phonol ogy of the Semitic |anguages, with occasional forays into diachrony
and Afro-asiatic. | have conprehensively treated the recurrent
phonol ogi cal phenonena of Senmitic involving the gutturals. | have al so
extended the results in a | ess conprehensive way to the pharyngealized
consonants.

It is customary to conclude a work like this by raising questions for
further research. There are nmany, but two are particularly pressing. The
first involves the locus of [pharyngeal] in an overall nodel of feature
geonetry along the lines of Clenents (1985), Sagey (1986), and MCart hy
(1988). Because of space limtations, | can only sketch the answer to that
guestion here. In MCarthy (forthcomng), | argue that there is a division

between Oral and [pharyngeal] place of articulation features:



(37) o Root Node
o Laryngeal Node o Place Node
[voi ce][const][spread] o Oal
[lab][cor][dors] [ phar yngeal ]
The claimis that [pharyngeal] can but need not pattern phonologically with
the other place features [labial], [coronal], and [dorsal].

From a phonetic point of view, this nodel is quite plausible. The
feature [pharyngeal] is defined in terns of a region of the vocal tract
(the pharynx) and a particular spectral property (high F1), two
characteristics that are basically what we expect of Place features. At
the sanme time, this nodel makes sense of the asymretry (noted in section
X.2.3) between the anterior part of the vocal tract, which is organized in
terns of active articulator, and the posterior part, which is organized in
terns of place of articulation.

Phonol ogi cal evidence for (37) cones principally fromtwo partly
conflicting descriptive requirenents. On the one hand, the system of root
cooccurrence restrictions in Semtic (section X 3.1), which is based on
prohi biting two honorgani c consonants within a root, treats [pharyngeal]
exactly on a par with the other Place features [labial], [coronal], and
[dorsal]. On the other hand, there is a class of vowel -vowel assinilation
rul es, docunented in McCarthy (forthcom ng), to which Oral consonants are
opaque and [ pharyngeal] ones are transparent. In connection wth other
assunpti ons about transparency effects (Steriade 1987), this evidence shows
the need for a separation between [pharyngeal] and the oral place features.

A very different sort of question concerns the laryngeals ? and h.

Al t hough their behavior as part of the guttural class securely establishes
that they have a place of articulation in many Semitic | anguages, the

| aryngeal s have usual |y been regarded as pl ace-less within recent
phonol ogi cal work (Cl enments 1985, Sagey 1986, Hayes 1986, Steriade 1987).
This anmbiguity in the treatnment of |aryngeal consonants is not a special

probl em of Semitic. Hayward and Hayward (1989: 186) comment on it, and
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wi tness Catford (1977: 104) in a discussion of glottal stops: "conplete
closure of the glottis has either an initiatory or an articul atory
function: the forner in phonationless glottalic initiation and the latter
in glottal stop as an articulatory type functionally parallel in |anguages
to other kinds of stop articulation.”™ Merlingen (1977: 205-6) finds even
nore types of h based on phonol ogi cal patterning, though not all of the
evi dence i s persuasive.

Even within Senmitic, there is one conpelling case where the
laryngeals ? and h do not pattern as gutturals. In Tigre (Leslau 1945: 155-
7; Raz 1983:5), ? and § are in free variation in wrds that contain an

enphatic (T, ¢, S, q) or pharyngeal (h, §): ?addeha ~ faddeha ' noon',

targay ~ Sargay 'bed', ?aTal ~ faTal 'goats'. |In other words, the /¢

distinction is neutralized in a context that includes true pharyngeals and
enphatics but not |aryngeals. (Tigre has no uvular gutturals.) The nost
natural interpretation of this process is spreading of [pharyngeal] to?,
changing it to §. But of course this requires that ? not be [pharyngeal]
to start wth.?

Further evidence from Tigre supports this view The vowels > and a
are in conplenentary distribution: a is always followed or i mediately
preceded by an enphatic or a true pharyngeal (but not a laryngeal), while >

never occurs in that context (Palnmer 1956: 569; Lowenstanm and Prunet

1989) :

(38)

a. JenaT " haver sack
war aq ' gol d'
faraf ‘clan'
war sh " mont h'

b. f>r>s " hor se'
j >h>t "direction

Lowenst amm and Prunet analyze this as a case of vowel |lowering in the

context of a [pharyngeal] consonant (therefore conparable to (34) above).
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But this analysis presupposes that Tigre ? and h are not [pharyngeal] (cf.
i>h>t in (38b)). Moreover, the rules referring to the guttural class in
Tigre -- prohibitions on syllable-final and gem nate gutturals (sections
X.3.3 and X. 3.4) -- can be recast as positive conditions requiring codas
and gem nates to have the Oral node of (37) rather than as negative
conditions referring to the class of gutturals.

It seenms, then, that the |laryngeal consonants of Arabic and Tigre are
di fferent phonologically: in the former, but not the latter, the laryngeals
are specified as [pharyngeal] and so belong to the guttural class. It is,
of course, easy to set up such a phonol ogi cal distinction but quite hard to
find a phonetic basis for it. The nost attractive proposal is Hess's
(1990) suggestion that Arabic ? is actually not a true glottal stop at all
but an aryepiglottic one. Hess finds support for this conjecture in one x-
ray of ? (from Boff Dkhissi (1983)) which shows an apparently protruding
epiglottis. But there are several problens with this claim First, as
Hess notes, the position of the epiglottis in this token of ? might just be
its resting state for this particular speaker. Second, the context (safala
"he asked', evidently a Standard Arabic word being read by a Mdroccan
Arabi ¢ speaker) coul d show pharyngeal constriction sinmply because of
coarticulatory influence fromthe adjoining | ow vowels. Third,
aryepiglottic place should perturb the formants of adjacent vowels, but no
such perturbation by ? has been observed. So we as yet have no evi dence
for a special phonetic treatment of Arabic 7.

W& have seen evidence for the class of guttural consonants and how
that class can be accounted for phonetically. W have al so seen sone of
t he phonol ogi cal connecti ons between the gutturals and enphatics and how
t hose connections find phonetic support. These observations encourage us
in the view that phonol ogi cal classes al ways have a phonetic basis. But
the di fference between Arabic and Tigre |aryngeals, phonol ogically

i nportant but phonetically invisible, may have showus a linmt in our



under standi ng of the rel ati on between phonetic events and phonol ogi cal

f eat ures.
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1. Portions of this paper have been circulated as McCarthy (1989, 19914,
1991b). Additional related nmaterial will appear in MCarthy (forthcom ng).
During the long gestation and mtosis of this paper | have received hel pfu
commrents from Nick O enents, Elan Dresher, Louis Gol dstein, Rukayyah
Herzal |l ah, Morris Halle, John Kingston, Linda Lonbardi, |an Maddi eson, Paul
Newran, Jaye Padgett, Janet Pierrehunbert, Ken Stevens, Alison Taub, and
Loren Trigo. | amparticularly grateful for extensive and detail ed
commrents from El |l en Brosel ow, Lisa Sel kirk, and an anonynous revi ewer.

Remai ning errors are ny fault.

2. Evidence fromnon-Senitic |anguages is conprehensively reviewed by

Elorrieta (1991) within a framework related to the one proposed here.

3. Based on a study of vowel register phenonena, Trigo (1991) concl udes
t hat tongue root advancenent/retraction and | arynx raising/lowering are
different features that are phonetically (but apparently not

phonol ogi cal I y) independent.

4. | disregard the stopped realization of § of Iragi Arabic, since it is
apparently a relatively superficial characteristic with no known

phonol ogi cal consequences.

5. But high F1 al one does not define the class of gutturals. El-Halees
(1985) has found that speakers use the relatively higher F1 of true
pharyngeal s to distinguish themfromuvulars, so F1 actually functions

perceptually to differentiate anong gutturals.

6. There are very substantial problens with the interpretation and use of

the Penfield sensory homuncul us, but | know of no better alternative.

7. Mchael Kenstow cz has directed ny attention to Kuriyagawa et al
(1988), an EMG study of the geni ohyoid and posterior genioglossus (GGP)
during the production of Arabic enphatic consonants (coronals with

secondary upper pharynx constriction). The experinental materials contain
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two words with h as well. Kuriyagawa et al. find that plains and t have
activity in the GG but enphatic S and T do not. The pharyngeal h is like
the enphatics in this respect. This mght be a slight indication of a
nmotori c connecti on between the enphatics (which are simlar to the uvul ars)
and the pharyngeals, but there is another explanation. As Grazeli (1977)
notes, plain s and t in Arabic are considerably fronted (they are dental,
with a forward tongue body, enhancing their dissimlarity fromS and T),

and the GGP activity is consistent with that.

8. The al |l ophonically pharyngeal i zed vowel | has a negative value for the
first factor, but its value is much higher than for i. The vowel &is
positive for the first factor, but |less than the value of a, so Hess

interprets it as [-radical].

9. The evidence for Place-linked structures at underlying representation in
Itd6 (1986) can equally well be understood as evidence for placel ess
consonants in coda position, as noted by Yip (1991). This renoves the only
obvi ous counterexanple to the universality of (7) as a condition on

under|yi ng representations.

10. The split between coronal sonorants and coronal obstruents is a very
different matter -- it is absolute and it is repeated in unrel ated
| anguages. It therefore demands a nore principled explanation than (9b),

t hough I do not know of one.

11. | have | ooked for phonol ogi cal regularities concerning nmenbership in
classes a/u or ali in Standard Arabic, but there are none (contra Corecka
1989). For instance, sorting roots according to the consonants adjacent to
the thematic vowel, we get ratios of a/i verbs to a/u verbs ranging from
1.03 (labials) to .93 (coronals) to .62 (dorsals). None differ strikingly
fromthe overall ratio of .82. The a/u versus al/i distinction is, however,

| argely predictable in nmany nodern dial ects (Haddad 1984, Herzallah 1990)
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12. Several penetrating questions fromAlicja Gorecka led ne to reconsider
an earlier version of this analysis. Her account of sonme of the sanme data

can be located in Gorecka (1989: 98f.).

13. Gesenius-Kautzsch (1910: 78) suggest that 2 rather than 2 is the
preferred coloring of schwa after the guttural ?. A search of all initia
gut tural +schwa sequences in the Pentateuch shows that this is not generally
true, though the very high frequency of the single word ?°l chim' God' nay

create this fal se inpression.

14. Systematic exceptions involve adjacent y, which requires i, and e in
forns suffixed with -kd. There are perhaps 50 ot her apparent exceptions

scattered through the Bible.

15. Genminate integrity (Steriade 1982, Hayes 1986, Schein and Steriade
1986) bl ocks epenthesis into gem nate gutturals (Al -Mzainy 1981: 187-8):
[axxaS ' he dressed up', [assal 'he nade sonething work', | ahhaam' butcher’,

nahhaas ' bl acksmth'.

16. In this and other Bedouin dialects, certain norphol ogical formations
(varying slightly fromdialect to dialect) are not affected by post-
guttural epenthesis. Abboud (1979:471) and Al -Mozainy (1981: 187) have

particul arly conprehensive lists.

17. Like the gutturals, etynologic r degenm nates in Hebrew, though there
are exceptions. Recall too that etynologicr sporadically triggers the
pre-guttural lowering rule of section X 3.2. There are several possible
expl anations for this, none of which directly bear on the issue of

gutturals as [pharyngeal].

18. In the earliest attestations of Aramaic, the Proto-Semitic reflex of
Arabic Dis witten as g: ?raq 'earth’ Jer 10,11. It evidently did not
nerge with original g, since the subsequent change to § did not affect

original g It my be that the g witing of original D was intended for
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the internmedi ate stage 8, giving the sequence of steps *D > *g > §, with

the first step paralleling Ugaritic.

19. There is in any case sone reason to think that the sounds called

"uvul ar" are actually sonmewhat inhonogeneous. Keating (1988: 8) has noted
that this label is applied to fairly diverse consonants in different

| anguages, and Elorrieta (1991) and Trigo (1991) have denonstrated that, on
phonol ogi cal grounds, there are at |east two types of "uvulars” in some

| anguages (back dorsals (Chonsky and Hall e 1968) versus conpl ex
pharyngeal i zed dorsals (Cole 1987: 93, MCarthy 1989)).

20. There are sonme unresolved inconsistencies in the descriptions of Tigre
that could prove problematic. Tigre enphatics are actually realized as
ejectives, as in other Ethiopian Semtic | anguages.

A simlar exanple conmes from Hoberman's (1985) anal ysis of the
hi stori cal phonol ogy of Neo-Aramaic in Northern lragq. Hobernman
reconstructs a stage of this |anguage, called Proto-Azerbaijan-Koy Sanjaq,
in which ? and § were in conplenentary distribution: § occurs in words
contai ning an enphatic consonant, while ? occurs in all other words.
Conpare, for exanple, reconstructed *?izla with *fagla. (For independent
reasons, it is difficult to show the sanme conplenmentarity for h and h.)

A different phenonenon that requires the sane classification cones
from Kurdi sh, a non-Senmitic |anguage of northern Iragq in close contact with
two branches of Semitic (Arabic and Neo-Aramaic). In Kurdish (Kahn 1976
Hober man 1989), no word can contain nmore than one consonant fromthe set
{, n, q, S, T, Z & P} -- that is, the primry pharyngeals § and n and
the enphatics. Arabic loans |ike Sunhbat 'conversation' or gquuTiyya 'box',
whi ch contain two [pharyngeal] segments, are restructured as s.bhat and
qoti in Kurdish. Hoberman anal yzes this cooccurrence restriction in
essentially the sane way as the Arabic phenonena of section X 3.1, but
again the anal ysis makes sense only if the |aryngeal consonants are not

[ pharyngeal ] .
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