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Intreduction

This is a report on preliminary findings from a study of
the rhythmical structure of Cocopa in sSpontaneous narratives
(1). The data is drawn from a narrotive related by Sam Miller
to Professor James Crawford in 1947, Crawford's published
syntactic and morphological analysis (Crawford, 1975) Iis
preserved (although a slightly different notational system is
used). In addition, a phonetic transcription (in TIPA) was
made marking pause and syllable boundaries.

Crawford has claimed (1966, p.28-29) that Cocopa 1is
'stress timed', i.e., that sentences having the same number
of stresses have approximately the same duration. (2) As an
example, he cites the following sentences: (Hyphens in the
Cocopa santences indicate syllable boundaries.)

- I &

1. nyd:c c-nylr la-ka:ym a:c yus
I=5 yesterday town l-go-c l-exist-evid
"I went to town yesterday"

2. a-yﬁ:-piny sdy c-cBd:-cm s-nya:yd:m
tree-dem there l-pl-plant-sr dem-then-happen—-n
"We planted the trees over there.

3. nya:c wity mén spic
I=s house-in l-get-up l-go- aut-“rf
"I went out of the house™

Each of the above centences contains four stressed syll-
ables, and, hence, by the stress tining principle, they have
apl-roxinatcly the same duration. As Crawford notes, the sen-
tences differ in the number of unstressed syllaobles they con-
tain., Sentence 1 has three unstressed syllables, 2 has six
unstressad  syllables, and 3 has no unstressed "y11a51c5. The

precence of unstressed syllables , thus, should not affect
sentence duration.

Crawford's stress timing claim describes the rhythnical
structure of Cocopa in terms of the nunber of stresses in a

T2




'sentence’ . It is difficult to isolate '"sentences' in spon-
tancous Cocopa narratives -- partially because of the narra-
tive speech style which links phrases with connectives; and
also because the concept 'phrase', a verb phrase or a noun
phrase, 1is a more easily identifiable structure in Cocopa
syntax.

In this analysis, thie sentence boundaries noted by fCraw-
ford are presented in the phonemic transcription. In the dis-
cussion of the rhythmical structure, the term 'sentence' will
be avoided in faver of the more general concept of 'semantic
topic' comprising one or more phrases which express a unitary
semantic concept, e.3., a parajraph.

Stress timing, in its mwore general usage, describes
listener perception of a special typé of speech rhythm --
listencers hear stress as occurring at reqular intervals. The
isochronous interval between stresses rem&ins at present a
perceptual juldgement, on2 that has not been verified by
acoustic analysis. The present analysis of Cocopa narratives
seeks to define some phonetic and phonological bases for the
perception of stress timing.

The Basis of Speech Rhythm

Stress timing is one type of rhythmic structure. What is
rhythm? 'Rhythm' refers to the temporal structure of speech
utterances. It deals with the relative durations of units at
many levels: the segment, the syllable, the word, the sen-
tence and the paragraph. Phonology has traditionally ack-
nowledged the distinctiveness of durastion at the level of the
seqment, i.e., the phoneme. Poetic mecter is based on duration
of syllebles. Speech production views syllables as the
minimal articulatory programs used in temporally (and articu-
latorily) structuring an uttcrance.

llow is an utterance temporally structured? The question
of speech rhytim has been studied in the field of speech pro-
duction by FKozhevnikov and Chistovich . (1965) and Fowler
(1977). Their description of speech production follows.

The absiLract stringy generated by the grammar is a linear
concatenation of abstract segnments (i.e., phonemes) which
still must be translated into motor commands for articula-
tion. The abstract string is stored in Short Term Memory
(sTM) whiile it is parsed into articulatory programs. )
'program' is the set of instructions vhich are sent to indi-
vidual muscle [ibers in the speech apparatus to initiate the
articulation of a given speech unit.) The Central Nervous
Systen does not have rapid enaugh control of muscle activity
to permit segmental econtrel nf speech, The articulatory pro-
grams comprise fntegrated motor commamls for syllaeble produc-
tion. Fach articulatory projram olso contains one stress. The

T3




stress is the organizational focus around which the motor
commands for the syllable are organized.

The motor commands within each articulatery program do
not follow the 1linear sequence of segments in a syllable.
pifferences in the length of the cranial nerves innervating
the speech nuscles, and the different inertias of the speech
articulators themselves, i.e., how much effort is involved in
moving them, require that the neural command be of a rather
different linear order than that of the sesguents of the word.
This regquires that the abstract string produced by the gram-
mar undergo a restructuring before articulation. Thus, /at
the time of temporal structuring, the linear sequence of
phonemes in the abstract string is 'lost'.

The articulatory programs that are created in the Cen-
tral Nervous System result ultimately in the production of
syllables. These articulatory programs must be sequentially
ordered to follow the intended sequence of syllables 1in the
word and wutterance. The articulatory programs are segquen-
tially sent out to the vocal tract musculature for produc-
tion. The rate at which the projrams are sent out corresponds
to the rate of speech, l.e., speech rhythm.

As was noted above, the temporal structuring of an
utterdnce occurs while it is stored in Short Term Memory. STH
has a limited storage capacity, it can hold approximately
seven (stressed or unstressed) syllables at a time., An
abstract string that 1is too long to be stored in STM as a
unit must be entered intoe ST™ in seven syllable chunks.
'‘Left-over' material in the abstract string is loaded into
STM after the preceding seven syllable portion has been sent
out to the vocal tract.

stress is the organizational focus around which motor
commands are structured within the articulatory program. On
the speech production level, i.e., outside the grammar, the
stress internal to each articulotory program is synchronized
with the beats of a 'neural rhythn qgenerator'. (The neural
rhythm gencrator emits pulses at regular intervals. All
‘rhythmic motor activity, tappingy a finger or speaking, is
temporally coordinated with these rhythnic beats.) On the
level of speech perception, linguists mssign strass te syll-
able peaks, usually vowels. The implicit claim of the above
speech production model is that stressed vowels are synchron-
fzed with the rhythmic beats of the neural rhythm generator.
An unstressod vowel will not constitute an independent arti-
culatory projram because it has no stress. Remember that all
articulatery projgrams require stress so that they may be
thythmically coordinated with the ncural rhythm generator.
Unstreossed syllables, then, are appended td a preceding or
following stressed syllable's articuletory program.

dccording te Fowler (1977), the phonetic reduction
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observed in unstressed syllables derives from their 'second
class' status in speech production. Articulation is targeted
from stress to stress, Unstressed syllables are 'deflections'
from the major articulatory path. Similarly, pre-tonic con-
sonants should have more precise articulation than post-tonic
consonants because they are directly en route to a stressed
vowel. Post-tonic consonants are more reduced because they
occur after the goal ,i.e., the stressed vowel, of the arti-
culatory program has been achieved.

What are the implications of the speech production model
for the surface phonetic form of an utterance?

I. Co-articulatory phenomena (assimilation, simplifice-
tion, ectc.) are viewed as artifacts of the changes brought
about when an abstract string is restructured for speech pro-
duction in STM. The articulatory programs will intejrate the
motor commands associated with each syllable into those of
neighboring syllables. Successive articulatory programs will
similarly be integrated into one another. Maximum efficiency
will cause the grecatest simplification to occur in unstressed
syllables or post-tonic consonants. These predictions are
borne out in the Cocopa data. (See Nasal Merger, MNasal Dele-
tion, and Consonant Cluster Simplification below.)

II. The theory cutlined above divides speech production
of a linguistic utterance into the seven sylleble 'chunks’
that can be stored in ST at a given moment. As seven syll-
ables are stored together for restructuring into articulatory
prograns, co-articulation phenomena will obtain within these
seven syllables. An utterance containing more than seven
syllables will be restructured in successive seven syllable
chunks. The speech production model predicts that no co-
articulation phenomena will occur at the juncture between
successive seven syllable chunks. The possibility of pauses
separating each group from the next is left open. This is
the norm in the Cocopa data.

II1. The speech production model describes stress timed
lanquajes when it synchronizes stresses with the impulses of
‘a neural rhythm generator. The synchronization of stresses
with rhythm impulscs explicitly attempts to account for iso-
chrony between stresses. Note that this explanation of
stress timing does not consider rhythmic structure to be
specified in the grammar. (Segmental length and the location
of stress are, of course, permitted,) Stress timing is -not
linguistic because it is created outside the grammar while
the utterance is stored in ST™. The rhythmic structure of
lanjuaje. is assigned in the same fashion as other rhythmic
behavior -- by coordinating it with rhythmic beats from a
neural impulse gencrator.

Phonolojical and Phonetic Aspects of Stress Timing
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In the introduction Crawford's description of stress
timing was summarized. The second part of the paper described
a proposed model describing the physiological basis for
stress timing in language. In this last section, I would like
to return to Cocopa and examine Cocopa stress timing.

The spcech production model explains the rhythmic as-
pects of stress timing as deriving ultimately from the
rhythmic impulses of the neural impulse generator. Yet, as I
noted in the introduction, 'stress timing' remains a percep-
tion on the part of listeners that has not been verified by
acoustic analysis. T would 1like to suggest that listeners
'reconstruct' the intended speech rhythm. They are able to
interpret the acoustically varying intervals between stresses
as isochronous with the aid of accompanying phonolojical and
phonetic cues. These cues are the overt co-articulation
phenonena accompanying stress timed speech production and the
location of pauses within the larger utterance. The idea of a
speaker 'reconstructing' a speech rhythm parallels the fami-
liar ‘analysis by synthesis' model of speech perception
wherein a listencr can comprehend an utterance despite speech
errors, false starts, or extranecous external interference.

Pauses

Three types of pauses occurred in the data: major
pauses, minor pauses and syllable-internal pauses. Generally,
a pause separated each 'chunk' of speech temporally struc-
tured In STM. This does not mean that a pause occurred at
seven-syllable intervals, but rather that the amount of ma-
terial between pauses was in fact surprisingly regular, oc-
curring at 4- to 7-syllable intervals. The documentation for
this observation is included in the discussion of the seman-
tic function of the individual pause types.

Major and minor pauses are intervals of silence separat-
ing two successive speech utterances. A major pause is at
least twice as long as a minor pause. The absolute duration
of major and minor pauses veries across speakers, but their
relative durations remains constant.

Major pauses occur at the boundaries between semantic
topics. Major semantic junctures occur at the beginnings and
endings of direct quotes, or between direct quotes from dif-
ferent persona in the narrative. Major pauses usually oc-
curred at these points throughout the narrative. For exam-
ple: (3) ("//" marks a major pause boundary, "/" marks a
minor pause boundary.)
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4, [ / p®-kat pa-wi:-1¥%*t // mo: n¥-x8:1 /]

ppukét pa:wlic 'ac "mu: nyxu:l

p-p-u-kat pa:-wi:-c ‘'a-c mu: nyxu:l

30-*-3-mcet 3o=3-sec-c 3I=say-c well younger=brother

(Coyote) met up with him, looked at him, and said, "Well, younge

[ mtk&-mﬁ:x my:-w? // hI: / n¥&:dg- )
makAm ma:x myu ‘a “$§%,  nya:c
makam m-a:-X m-yu 'a nya:-c

where 2-go-irr 2-exist 3=say uh=huh I-s
where are you gJoin3y,” he says "tuh huh,

( mé&n / n¥adg-ma:m-"p*1¥ mam-p?-'4:m-pn¥: ]
ma:m nya:c ma:m mapily ma:m pa'd:mpiny

ma:m nya:—-c ma:m mapily ma:m pa-'a:-m-piny

now I-s now now now dem-l=go-from-dem=o
[as for] my going aleng now,

[-ve-rd:r nYé: p?-'4:m§ 1
nyaw{: 'ard:r nyay pa'd:img, :::
nyawi: 'ara:r nyay pa=-ta:-m-5

thing work 1=look=for dem-1=go~m-adv
I am on my way to look for 2 job, ..."

Major pauses also occur at boundaries between semantic
topics. In 5, a major pause precedes the introduction of a
new persona, Coyote:

5. [ // nYa:dg-ma:m / pn¥a:dg-ma:m / ]

nya"' ac ma:m  pnya:c mazm.
nya-'a-c ma:m p-ny-a:—-c ma :m
then-3=say-prf now *-then-3=come-c now

When he said it, he then went on his way.

[ n¥T-ve-ré:r u-n¥&:-pa:m // xg-p'-pic ]

nyawi: 'ard:r unyay pa:m xtpa pi:c
nyawi: "ara:r uv-nyay pa:-m xtpa pis-c
thing work l-look=for 3=go=along-m coyote dem-s

As he was on his way looking for work, this Coyote

[ bi-nYa-wé: / p‘—knt‘ pa—wf:-l*‘t /7]
pnya:yf:c ppukat pa:wi:c 'ac
p=-nya-:-yl:-c p-p-u-kat pa:-wii=-c 'a-c

dem-then-3-come-c lo-*-3-mect 3o=3-sec-prf 3=say-c
was comning, met up with him, looked at hin, and said,
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[ mO: wE-x5:1 / 1]

"mu: nyxuzl, ...

mu nyzuzl

well youngcr=brother

"wall, younjcr brother, aierd

Minor pauses, '/', usually separate phrases. Minor

pauses
Cocopa

are not phrase boundary markers. Almost any word in

can constitute a phrasz. This is especially true in

narratives where long strings of concatenated verhs tend to

appeat

with few intervening nouns. (Note that the Cocopa

verb is inflected for pronominal subject and object.) A minor

pause

occurring after a 'chunik' of (6TM-structured speech is

very likely to occur at a phrase houndary. Minor pauses,

.j{.,

occur at phrase boundaries. Not every phrase is bounded

by minor pauses. In long semantic topics, minor pauses occur
fraquently in the initial portion of' the topic. They gradual-

ly include more and more phrases, reaching a naximun (of
about 10-11 syllables) at the end of the topic. This gradual
increas

mantic

An example of the 'accelerative timing' found in long
semantic topics is presented below:

e in the number of syllables per 'chunk’ in 1long se-
topics is called 'accclerative timing'.

6. [ // ﬁ’ﬂ-wl—mﬁ:m / g-nY‘-ks:r / maz:l /]
pnyawam ma:m, nya nyakl:r Mu:l
p-nya-wa-m ma:m nya nyaku:r mu:l
dem-then-1=sit-sr now day long=ago Mule
I'm here now, so one day lonj ago, Mule,

[ me:l vas-t¥{:t? k"i-yu-mf:k” // pn¥a:c ]
Mu:1l pa:'ds, pi:c  xyumi:k pnya:c
mu:l pa:-'a-s pi:-c xy-u-mi:k p-ny-a:-=c

Mule 3o=3-call-pl dem-s *-3-grow=up then-3=go-c
they called him, he Kept on growing

[ mam ma:rt-v*t / p-n¥Yu-a:dz pas -n¥¥-yé-ra:r |

ma:m Mi:lpic  pnypu'd:c ma:m nyawi: 'aré:r

ma:m mu:l-pic p-ny-p-u-‘a:-c¢ ma:m nyawli: 'ara:r

now Mule-den dem-then-*-3-stand-c now thing work

and then he stood -- a [full grown] mule. "I'm going to look

[ o¥es-ma-Set // )

nyayxm yusg ‘ac.,
nyay-—x-m yu-5 L o =
1=look=for-irr-sr exist-evid 3=say-c
a job," he said.

A second example of 'accelerative timing' 1is presented

below.

Perceptually, the rate of speech appears to increasc,
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and a greater degree of phonetic compression (i.e., phonolog-
ical simplification) is found:

Pan L i BT nfa :dz~mam / n*hdg-ma m-"pr 1Y —mdm |
"4§, nya:c ma:m nya:c (ma:m) narlly ma:m

33 nya:i-c ma:m nya:-c ma:m mapily ma:m

uh=huh I-s now I-s now now now

"Uh huh, [as for]

[ p?-'d:m-po¥ ;-ve-ra:r nYé: p —'é im§-

pa'd:mpiny nyaw{: 'ard:r nyay . pa' a*mq
pa-'a:-m-piny  nyawi: 'ara:r nyay pa-'a:-m-s
dem-l=go-from-dem=0 thing work l=look=for dem-l=go-sr—adv

my geing along now, I am on my way to look for a job, and

[ m®k / n¥*-ve-rar m®-ke nYT-ve-ra:r ]

(mak*) (4) nyaw{: 'ard:r makiy nyaya:m rar
(makay*) nyawi: 'ara:r makay nya-ya:-no rar
(where*) thing work where then-locate-sr l=work
wherever there happens to be work, I will work

[ ka*ymx‘lt / nY*-ve-rar nve: |
kaylx ‘ie, nyaw{: 'ard:r nyay
ka=-yu-x "j=c nyawi: 'ara:r nyay

indef-exist-irr l=say-prf thing work l1=1cok=for
at anything. I am my way looking for a job,
whatever it is,

[ p°-‘'a:m gIm-n® / n¥-v-rar nYe:- |

pa'ﬁ:m Kyum, nyawf: ‘ard:r nyay
pa="a:-m k=yu-m nyawi: 'ara:r nyay
dem-1l=go-m indef-exist-m thing work l1=locok=for
I am on my way looking for a job

[ pp¥-'&:m / @- nY-ve-rar m I_ké 3

pnya' Aim naplly. nya§1 ‘ard:r (makay)
p-nya=-‘'a:-m mapily nyawi: ‘ara:r makay
dem-then-1=go-sr now thing work where

now, where there is wvork,

[ yam—véliyf kam=- kam- ]
ya:m rarxly rIC. nypuny nykwiny
yé :—m rar-x-1y 'i-c nypuny nykwiny

locate-sr l=work-irr-rdos l=say-prf dem be=all
1 want to work. That's all now,
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’ o ’
(nYa-{2it y-'om pa-'a:m-bI{ // ]
ma:m sa'ic tyyum  pa'fd:mc yus:"
ma:m sa-'i-c Tyyun pa-'a:-m-c yu-$§
now demn-l=say-c 1=think dcm-1=go-m-c l=exist-evid
I'm thinking of that as I go a2long.”

Short semantic topics are more evenly divided by pauses,
{.e., the number of syllables between pauses is more regular,
and the rate of speech remains relatively constant. An exam-
ple of this occurs in 3:

8. [ // n¥*-x0:1 / nYa:dz-nY*-ve-rar / |

N e rnyRusl . nya:c nyawi: 'aré:r

nyxu:l nya:-c nyawi: 'ara:r

younger=brother I-s thing work

" ..younger brother. I know where

[ wi-y&:m wi-ya:=-az§ // pwi-ya m ]

puya :m u:y&:c  yus puyé :m

pu-yaz:=m us:ya:-c Yyu-§ pu-ya:-m

dem-locate-sr l=know-c l=exist-evid dem-locate-m

there is a job. ' 4

[ ki-n¥3:tY // n¥*-kxT-nYa:-v®m-ka / k®-wi: ]

yuk nya:c nyknya:pkn, ka:k nyawi :
yu-k nya:-c ny-knya:p-k-m k-a:-k nyawi :
exist-k I-s- 20=1-tell-k-sr impv-go-impv thing

vhen I tell you where it is, go and

. [ k"-ca:r 7/ hE: x & [/ n"i-a—wfw-m— |
krark." "9 pxway." "nysawfwm
 k=rar-k 3 pxway ny-sawiw-m
. impv-work-impv oh all=right  2o0=l-show=pl-sr

work."” "Oh, all right." "when I show it to Yyou,

[ wit / wi—yg:-vtc i nYa:m x%e’ // 1
mwi ixm puyd :c yus.,” nya'an "pxway."
m=wi:=x=-1 pu-ya:-c yu-s nya-"'a-m pxway

?2-sce-irr-sr dem-locate-c exist-evid when-3=say-sr all=righ
you will sce it." When he said it, (Mule said,] "All right.”

There is no immediate explanation for the ‘'accelerative
timing' observed in long semantic topics. One might conjec-
ture that the accelerated rhythmic structure reflects produc-
tion pressures stemming from tho storaje limitations of Short
Term Memory. Scmantic topics represent a linguistiec unit on
some level of hicrarchical organization.  IE the linguistiec
generation of all the phrases in a semantic topic is
"1inked', then one could conceive of semantic topics being
derived as a unit before being sent out of the grammar. Once
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the entire scmantic topic is expressed as an abstract string,
the entire string is sent out to STM for temporal restructur-
ing. In the case of long semantic topics temporary storage
problems might be encountered as the string is 'held' between
the grammar and STM. (It would have to be "held' while it is
being fed into STYM in seven-syllable chunks.) Temporary
storage might become problematic if the grammar sends ocut new
semantic topics. I am suggesting that in the 'ideal' situa-
tion, the rate at which the grammar produces semantic topics
corresponds to the rate at which Short Term Memory sends
chunks out to the vocal tract musculature for production. If
the grammar produces more (or lonjer) semantic topics than
ETM can handle then a temporary 'overload' situation is
created where too much material is held in temporary storage
between the grammar and STM, '"Accelerative timing' occurs in

the 'overload' situation -- STM increases the rate at which
abstract strings are temporally structured by crowding longer
abstract strings into each chunk. '‘Overcrowding' 1leads to

increased gphonological simplification due to the invaeriant
mechanical limitations of the vocal tract musculature, i.e.,
although ST can increase its rate of chunk production, the
rate at which vocal tract musculature can move (in articula-
tion) has mechanical limits.

'Acceleratcd timing' would not be encountered in short
semantic topics where presumably the rate of the grammar's
production of semantic topics corresponds better to the rate
at which 'chunks' are temporally structured in STM., There is
a two-fold difference in the number of syllables per chunk
between short znd long semantic topics: 4-5 syllables between
pauses in short topics and 10-11 syllables toward the end of
long semantic topics.

The number of syllables per STM 'chunk'is of theoretical
interest in the evaluation of speech production models. These
theories, which hold that the temporal structure of an utter-
ance is superimposad on articulatory programs stored in short
term memory, predict that the average number of syllables per
STM 'chunk'is seven. This value reflects the storage capacity
of Short Term Memory. In the Cocopa text, several timing
units contain more than seven syllables, In these timing
units, an interesting phenomenon is cohserved in one of the

‘middle syllables -- a middle syllable is overlong, that is,
it appears to contain an internal pause (cE« pre-pausal
lengthening) . The internal paus: is marked by underlining a

long syllable in the phonetic transcription. A syllable con-
taining an intcrnal' pouse may represent the transition
between STM-structured chunks. For example:

9. [ / adg-ma:m-"p"1¥-mdn p“—‘ﬁ:m-gg{i— ]
nya:c (ma:m) rapily maim pa'd:mpiny

nya:=-¢ ma:m mapily ma:m pa='a:-m-piny

I-s now now now docn-l=go—-from-dem=o0
[as for] my going along now,
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[ ve-ra:r qu: pa—Lé:mﬁﬁm“k o ]

nyaw{: 'ara:r nyay pa'éd:ms (mak*)
nyawi: 'ara:r nyay pa='a:-m-5 makay
thing work 1=look=for dem-l=go-m-adv where

1 am on my way to look for a job, and

[ nY*-ve-rar m“-gé T —ve-ra:r ]

nyawf{: 'ara:r makay nyayi:m rar

nyawi: 'ara:r makay nya-ya:-m rar

thing work whare then-locate-sr l=work
wherever there happens to be work, I will work

[ k?-yax-Tt / 1

kaydx *ic.
ka-yu-x ‘i-c
indef-exist-irr l=say-c
at anything.

Syllabification

Syllabification is determined during STM storage when an
abstract string is temporally structured into articulatory
programs. In Cocopa, syllabification in narratives differs
from careful pronounciation in that word boundaries are fre-
quently located within a syllable. This change usually re-
flects a word-final consonant being pronounced as the syll-
able onset to the next word. The relocated (word-final) con-
sonant may be a stem-final consonant, a syntactic suffix, or
an aspectual suffix. The relocation occurs when the follow-
ing word begins with a vowel, glide, or nasal. '

I suggested above that much linguistic information is
lost during the temporal structuring of abstract strings in
Short Term Memory. Relocation provides evidence for this
hypothesis: the location of word boundaries does not control
syllabification (whereas the articulation-based maximum effi-
ciency principle does). Processes of phonological sinplifi-
cation (Consonont Cluster Simplification and Nasal Delektion
below) and co-articulation (Nasal Merger) also show little
regard for linguistic information. This situation should be
contrasted with the location of major and minor pauses --
these normally co-oceur with word boundaries, The qremmar,
then, has some control over how much material is entered inte
an ST9 chunk, i.e., where the chunk begins and ends, but it
has little control once the string has entered 5TM,

Exanples of phonolojical simplification and co-
articulation are presented below under Nasal Merger/Delction
and Consonunt Cluster Simplification.

In Nasal Merger, two identical nasals separated by a
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word boundary 'coalesce' to form the onset of the following
word:

10. pnyawam ma :m 'while I sit here now'
[N"Yo-wZ=ma:m) -m switch reference
11. makam na:x 'where you will go'
[m‘~&a-mﬂx] -m direction azway from
12, pa'impinx, ngawf: ‘ard:r 'my goin3y along here,
work' 7
[p‘-'a.m-p?y:-ve-ra.r} -piny object case marker

13. uylmxany. nyawi: urdrs 'he is very much, he works
but’

[ko-ybin-ma-n"t-ve-rar-r1$] -xany 'be very much’
Y Y

In MNasal Deletlon, a word-final nasal is deleted before
a woré beginning with a non-identical nasal. This process
applies with few exceptions te all nasals within an ST™
chunk. Occasionally, nasalization eoccurs on the vowsl preced-
ing the deleted nasal:

14, ma:m nyawl' ara:r ‘now “"work ...’
{ma-wnY“-UE4rd.r] ma.m 'now’
but 15, ma:m . nyaw{: 'ara:r ‘now. "work'
' [ma:m / n¥T-vé-rd:r)
16. ma:m numak 'now he leaves'

[maa- nu-mAk]

17. up{:m Swa:n nynamakm ma:m
'from now on when I Eire you!
[binf-m3:-yA-na-nAk=k®-ma.m]

-m switch reference

Consonant Cluster Simplification i

In tri-consonantal clusters occurring within STM chunks,
the medial consonant is dropped. This process occurs most
frequently when the consonant is word-final, i.e., CCIC. Bi-
consonantal clusters in word-initial position seem more pro-
tected. The pattern of consonant deletion supports Margaret
Langdon's description of post-tonic consanants being weaker
than those occurring in pre-tonie pesition. (Langdon, 1975,)
It is also predicted by Fowler's (1977). sujgestion that
gspeech productiasn is targeted from stressed vowel to stressed
vowel and, haonce, that pre-tonic consonants are more precise-
ly articulated than post-tonic consonants,
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The deleted consonant may be stem-final, a syntactic
suffix, or an aspectual suffix. The suffix -g, 'assertion;
but', is the primary exception to this rule. It never under-
goes delation. Perhaps -E carries emphatic stress. This would
explain its behavior with respect to this rule, and the fact
that an epenthetic vowel is frequently inserted before this
suffix. Examples of consonant clusters are presented in 18:

18. nyayxm yus 'ac
[nYe:-ma-Slet//]
1=look=for-irr-sr exist-evid 3=say-c
-%x intentive irrealis
-m switch reference

19. ma:mks pxwayxm puyﬁ:m
[mém S“&y plu-ya:m]
be=all-df-adv be=good-irr-sr dem-locate-m
-k dependent future (coordinated with -x, irr)
-g adversative 'but’
-m switch reference

20. §ayﬁk pa‘é:mi makam E
[Sai-ydk m3: m?-%Am]
dem-cxist-k deom-l=go-m-k where
I-will be there while-I-will-be-going-away-from-here whe
-k dependent future, or uncertainty

21. ma:m, kspak ka:mk maka
[na:m-§-piﬁ‘-ﬁgi mi-kéy]
now impv-leave-inpv impv-go-from-impv where
"Now, go-out! go-away! where ever"
k-...-k discontinuous imperative

&
22. saya:m nykunfs
[Be-y&:n glm-nTs]
dem-locate-sr 3pl=arrive
"jt-was-there they-arrived"

Below, countercxamples with -5 are inﬁicaﬁed:

23, ma:mks pxwayxm
[mam §“cy)
be=all-df-adv he=good-irr-m
"that-will-be-0ll-but it-will-be-fine"

24, pa'dims (makay)
[p?=-'A:m§-m2k]
den-1=qgo-n—-adv (wiiore)
*I-go-alonj-here-hut (where) ..."
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25. nyawi: urars ma =m
[n¥I-ve-rar-r1y -ma:m]
thing 3-work-adv now
"he-works-but now"

Tri-consonantal clusters across pausa boundaries rarely
show deletion. The pause houndary, rather, is the most common
environment for vowel epcnthesis:

26. pnyﬂyluc nyawi :
[mi™ -y&::-—wit / n¥I-ve]
dem-then-3-arrive=pl-c thing.

27. Mi:lpic pnypu’ i:c
[md:r¥-vit / pi-nYu-'&:dg)
mule-dem=s dem-than-3-stand-c

28. nya:c nyknya:pkn
(nYa:t” // n¥*=k*nYa:-vam]
I-5 2o=1-tell-k-sr

29. rark pa:k pazxm puya m

[th:rk / pé:k / pa:x-m pu-ya:m]

l=work-df l=go=along-df 1l=go=along-irr-sr dem-
happen-mn

One final difference in the phonological structure of
Cocopa free narratives versus careful speech should be noted.
There is a distinction, in free speech, betwecen 'real' glot-
tal stops -- those which always appear in the surface phonet-
fc form, and "quasi' glottal stops —- those which rarely (if
at all) occur in spontanecous narratives. The presence of a
glottal stop in a word was determined by Crawford's phonemic
transcription and by personal clicitation with an informant.
The glottal stop in ta, o "Eo-stand'; and Ya,; '"to go';
always occur. They are '?EEI glottal stops: Wiy

30. pnypu' fic '‘then he stood here'
[pE-n” u-a: dg)

31, pa‘a:k 'I will go along here'
[p®='a:k]

32, pnya'ﬁ:m "then I go along hera?

[p:?"'- '3:m)

33, pa a: Nplnf 'my qoing along here!
[p?-"'d:m- .-.“}_e‘ 1]
iThe glottal stop in 'a, 'he says', is "quasi':

r
®

85




34. nya'éc 'then he said’
[nYa:d3)

35. pa:'és 'they call him'
[vas]

The glottal stop in 'a., 'to go', occasionally appears as an
amplitude drop.

Conclusions

I. The Cocopa narrative is 'punctuated' at regular in-
tervals by pauses. The intervel, i.e., the time elapsed
between pauses, appears to correspond to the storage capacity
of STM. (This is apparent on a physical recording of speech,
e.g., a spactrogram, where the speech utterance is broken by
pauses at fairly regular intervals.)

The 1lenjth of pauses may be linguistically controlled,
viz. to reflect the nature of scmantic juncture. Major pauses
reflect major semantic junctures, minor pauses occur at

phrase boundaries, syllable-internal pauses occur at 'chunk!'
boundaries.

- The location of major and minor pauses appears to be
under 1linguistic control to the extent that the gremmar is
able to control how much of an abstract string enters a given
STM 'chunk'. The linguistic control of pause location 'breaks
down' in accelerative timing, whan the grammar is generating
stringys [aster than Short Term Memory is able to temporally
structure them. The location of (syllable-internal) pauses in
long scmantic topics suggests that the grammer 'sacrifices'
some control of pause location in the overload situation.

1I. The phonetic changes in the abstract string entered
into an ST4 'chunk' sujggest that the gramnar has little con-
trol over .the temporal structuring of an utterance. The syl-
labification created during the formation of articulatory
projrams may ignore word houndaries. Co-articulation phonome-
na may delete morpholojgical, syntactic and semantic informa-
tion. These findings suggest that speech rhythim, beyond the
specification of sejymental durations as long or short " (rela-
tive to one another), is determined outside the granmmar.




Appendix

Th.e followinj two tracings are included in order to pro-
vide the reader with some sense of the physical data. Three
'signals' occur in each tracing: the top line is an amplitude
contour, showing changes in loudness. The second line is a
fundaaental frequency contour, '"Fo', which registers chanjes
in pitech. The bottom line is the speech wave, a rapidly

chanying sine wave. The changes in the sine wave are enclosed
in an envelope

The physical recording was derived from the tape by
sending the output of the tape to three separate 'signal
analyzers'. The pitch 'signal analyzer' consists of a Tran-
spitch Meter which extracts the fundamental frequency from
the speech wave. The output of the Transpitch Meter was sent
into a pitch extractor which converts the Fo into a continu-
ous waveform. (The pitch extractor was developed by Jeff
Hardy and Bob Barker of the UCSD Phonetics Lahoratory.) The
amplitude ‘'signal analyzer' extracts the amplitude of the
spcech waveform and converts it into a continuous- wavelorm.
This device was developed by Bob Barker and Professor Timothy
Smith.) Thz speech waveform, in conjunction with the Ffunda-
mental frequency and amplitude waveforms, is sent into an
oscillonmink which produces a physical copy of the changing
values of each of these signals across time. (The scale is
50mn/s.) The amplitude contour is a good indicator of the
location of syllahle boundaries. The waveform usually drops
at thesc boundaries. In slow speech, the fundamental frequen-
- ey curve shows word boundaries by a contour drop. Puring
accelerative timing only pre-pausal phrase boundaries are
shown.

A short semantic topic and a 1lon3z semantic topic are
presented. The former shows fairly regular stress timing.
The latter indicates accelerative, with less prominent ampli-
tude, i.e., stress, contours.

87 .




Figure 1. A Short Semantic Topic

‘ ki .
Jl mo o¥i x0:1 /ma  ka: ma: xmyu: [/ A I
"mu: myxu:l, makam ma:x myu " L .
"Well, younger brother, where are you going," he says

Figure 2. A Long Semantic Topic with Accelerative Timing

dB 0=

-2
5
=10=

naidy mam  oiprl¥mam P a: m ot ve: : rarr o ef pPlamms  mak

"/ nYaic ma:m mapil’ ma:m pa'nimpin’ nYawi: 'era:r n'ay pa'a:ms,

" ps for my going along here now, I am on my way to look for a job,

Scale; 50 mm/s
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Footnotes

1.. I wish to thank the Cocopas who shared their language with
me, especially Hope Miller, Lillian Hayes, and Victor Hayes.
I would also like to thank Professor Margaret Langdon, Pro-
fessor James Crawford and Carol Slater who gave willingly of
their time to discuss earlier versions of this paper. Profes-
sor Crawford taught me much of what I understand 1linguisti-
cally of the Cocopa lanjuage. Professor Lanjdon taught me
most of what I understand about Mmerican Indian 1linguistics
and the Yuman family of lanjuages. Needless to say, the er-
rors of this work are my owun.

2. Other 1lanjuages in the Yuman language family have also
been described as being !'stress timed': Walapai (Redden,
19648) and Yavapai (3haterian, nd).

3. The format in which the data is presented is as follows:
the first line contains a phonetic transcription, enclosed in
square brackets, '[ ]'. Hyphens in the phonetic transcription
mark syllable boundaries. The second line is a phonemic tran-
scription drawn from Crawford's published wversion of this
narrative (1975). The third 1line indicates morphological
structure, hyphens separate individual morphemes. The fourth
line qlosses each morpheme isolated in the third line. Again,
hyphens separate morphemes. An equal sign, '=', separates
meaning subparts of & single morplieme. For example, 'i, 'I
say' is glossed l=say. The suppletive third person form, 'a,
is glossed 3=say; pa.- is the subject-object pronominal pre-
fix for transitive werbs with third person subject and third
person object, it is glossecd 3=30 (3o is an abbreviation for
third person object). In the line of morpheme glosses, an
asterisk, '*', marks a discontinuous stem, e.qg., pkat,
'l=meet=it', p-u-kat, '*-3=meet=it', p-p-u-kat, 3o-*-3-meet.
Finally, the fifth line in the data provides a loose English
translation (from Crawford (19745)).

The folleowing abbreviatory conventions are used in the
morpheme glosses: adv, 'adversative, but'; dem, 'demonstra-
tive'. (The following affixes are glossed as den: pa—- ‘'here,
now, In this manner', pu- 'nearby, recent past or future, in
that manner', sa- 'overthere, distant past or future, in that
stranje mannerT_-Eic 'demonstrative subject case marker',
—Einz ‘demonstrative object case marker'. evid, 'evidential,
*this 1is true''; irr, ‘'intentive 1irrealis',; o, 'object
(direct or indirect)'; pl, 'plural'; prf, 'perfective'; s,
'subject'; sr 'switch reference, indicating that the Ffollow-
ing verb has a different subject from the current verb'; ss,
'same subject, indicating that the following wverb has the
game subject as  the current verbh'; ":", '"length (marked on
vowels and sonorants)'; 1, 'flrst person pronominal prefix';
2, ‘'second purson prononinal prefix'; 3, 'third person pro-
nominal prefix'.

4,

The asterisk on this forn, and its glosses on succeeding
89




lines, indicates that this was a speech error. My consultant
suspected that the speaker intended to say makay, 'where',
but changed his mind.
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PREFACE

Unfortunately, everyone who presented a paper at the 1978 Hokan
Languages Workshop was not able to prepare a final version for inclusion
in this volume. All the papers in this volume were presented in an earlier
version at the 1978 workshop. The papers are arranged in the order that
they appeared on the program at the workshop.

The participants of the 1975 Hokan Languages Workshop gratefully
acknowledge all the work doné by Professor Carol Baker Slater and the
students at the University of (California, San Diego, which made the work-
shop run so smoothly and enjoyably.

Copies of the 1977 workshop are still available from the Depariment
of Linguistics, Southern Illinois University, Carbondale, IL 02901. The

volumes for the 1975 and 1976 workshops, which appeared in the 5IU-C Univer-

sity Museum Studies, are now out of print, but copies may be obtained in
mierofiche or hard-bound copies from ERIC Clearinghouse on Languages and
Linguisties, Center for Applied Linguisties, 1611 N. Kent Street, Arlington,
VA 22209,

The 1979 Hokan Languages Workshop will be held st the University of
Ualifornia, Los Angeles, June 26-28. The proceedings of the 1979 workshop
will sppear in Occasional Papers On Linguistics in late spring 1980. Copies
mey be ordered from the Department of Linguistics, Southern Illinois Univer-
sity, Cartondale, IL 62301.

James E. Redden
Carbondale, May 1979
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