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Chapter 2

A CROSS-LINGUISTIC TYPOLOGY OF NASAL HARMONY

In this chapter I develop a description and analysis of a cross-linguistic typology of
nasal harmony, focusing on variability in the set of segments undergoing nasalization
and in those that block or behave transparent to nasal spreading.  Across these variables,
I propose to unify our understanding of nasal harmony as conforming to one basic type
of pattern.  As the basis for this study, I have compiled a database of nasal harmony
systems, which comprises descriptions from over 75 languages.  Each language entry
includes information about the inventory of segments, the set of segments undergoing
nasalization, and any blocking or transparent segments.  The cross-linguistic
generalizations established in this research define the facts to be explained by the
analysis.  These facts are summarized in this chapter and a condensed version of the
database itself is appended.

Two central theoretical points illuminate the unified account of nasal harmony.
First, building on previous studies of the compatibility of nasalization with different
segments, it is argued that cross-linguistic variation in nasal harmony is limited by a
phonetically-grounded hierarchy which ranks segments in terms of their harmonicity
under nasalization.  After nasal stops, vowels are ranked as most compatible with
nasalization in this hierarchy.  Obstruents, on the other hand, are ranked as least
compatible.  The nasalization hierarchy is implicational in the sense that if a segment
undergoes nasal spreading, all segments more compatible with nasalization will also be
targetted.  The hierarchy is analyzed in an optimality-theoretic framework as composed
of intrinsically-ranked nasal feature cooccurrence constraints.  Variation in the set of
undergoing segments is then derived by ranking the nasal spreading constraint at
different points in the constraint hierarchy, generating just the variability which is
attested.

The second point concerns transparent segments in nasal harmony.  To begin,
there appears to be a gap in the set of variants predicted by the implicational hierarchy:
there is no language in which all segments are nasalized in nasal harmony; some
obstruents resist nasalization (see second row in (1a)).  Also, as diagrammed in (1a), the
typology of nasal harmony outlined here finds that while the majority of segments either
block spreading or become nasalized, some obstruents (typically voiceless ones) behave
differently, either blocking or behaving transparent.  When transparent, obstruents
remain oral but permit the continuation of nasal spreading.  These two observations fit
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together like pieces of a puzzle: systems with a set of transparent segments form the
complement to those with blocking segments.  To explain this complementarity, it is
proposed that systems with transparent obstruents fill the gap of a system targetting all
segments, i.e. transparent obstruents should be understood as belonging to the set of
segments undergoing nasal harmony, as outlined in (1b).

  (1) a. Observed possible patterning of segments in nasal harmony:

              Vocoids           Liquids       Obstruents

Blockers
(block spreading) ✓ ✓ ✓

Targets
(become nasalized) ✓ ✓ ✓ ✗

Transparent segments
(remain oral, do not block) ✗ ✗ ✗ ✓

b. Proposed analysis of segmental behavior in nasal harmony:

             Vocoids           Liquids       Obstruents

Blockers
(block spreading) ✓ ✓ ✓

Targets
(undergo [nasal] spreading) ✓ ✓ ✓

Factorial ranking in the optimality-theoretic framework (Prince and Smolensky (1993)
predicts the possibility of a grammar in which nasal spreading would be ranked high
enough to derive even nasalized segments at the extreme of incompatibility.  With this
move, nasal harmony is unified into a basic pattern in which segments simply either
undergo or block, and all possible variations produced by different rankings are attested.
In this unified analysis of the typology, transparency arises as a resolution for an
incompatible segment that undergoes nasal spreading.

In further support of this claim, it is observed that there is an implication in the
occurrence of voiceless transparent obstruents and the behavior of other segments.
When voiceless obstruents behave transparent to nasal harmony, all other classes of
segments undergo nasalization, that is, they exhibit a nasal alternant in nasal contexts.
Voiceless obstruents never behave transparent when segments more compatible with
nasalization block nasal spreading.  As I will show, this asymmetry suggests that all
segments, including obstruents, are targetted by nasalization in these languages.
Importantly, the finding that descriptively transparent segments pattern with undergoers
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llo

w
in

g
 co

n
so

n
a

n
ts [
p
, b

, t, d
, tÉS, d

ÉZ
, k

, g
, s, m

, n
, ¯

, N
, l,

r, j, w
, h

, /] (g
lo

tta
l sto

p
 is a

g
a

in
 n

o
n

-p
h

o
n

e
m

ic).

(4)
M

a
la

y (Jo
h

o
re

 d
ia

le
ct)

a.
m

i ‚n
o
)m

‘to
 d

rin
k’

b
.

b
a
N
o
)n

‘to
 rise

’
c.

m
a
)/ )a

)p
‘p

a
rd

o
n

’
d

.
p
´n

)́N
a
)h
)a
)n   

‘ce
n

tra
l fo

cu
s’

e.
m

a
)j ‚a

)N
‘stalk (palm

)’
f.

m
)́n
a
)w

)a)n
‘to

 ca
p

tu
re

’ (a
ctive

)
g

.
m

)́ra
ta

p
p
i

‘to
 ca

u
se

 to
 cry’

h
.

p
´N

a
)w

)a)sa
n

‘su
p

e
rvisio

n
’

i.
m

a
)k
a
n

‘to
 e

a
t’

Ijo
, a

 K
w

a
 la

n
g

u
a

g
e

 o
f N

ig
e

ria
, is a

n
 e

xa
m

p
le

 o
f th

e
 th

ird
 va

ria
tio

n
, w

h
e

re
 liq

u
id

s
a

re
 a

d
d

e
d

 to
 th

e
 se

t o
f u

n
d

e
rg

o
in

g
 se

g
m

e
n

ts (W
illia

m
so

n
 1

9
6

5
, 1

9
6

9
b

, 1
9

8
7

).  In
 th

is
la

n
g

u
a

g
e

, n
a

sa
lity sp

re
a

d
s fro

m
 a

 n
a

sa
l co

n
so

n
a

n
t o

r n
a

sa
l vo

w
e

l.  U
n

like
 th

e
 rig

h
tw

a
rd

sp
re

a
d

 o
f th

e
 tw

o
 p

re
vio

u
s e

xa
m

p
le

s, n
a

sa
l sp

re
a

d
in

g
 is le

ftw
a

rd
 in

 Ijo
.  E

xa
m

p
le

s o
f

n
a

sa
l h

a
rm

o
n

y fro
m

 th
e

 C
e

n
tra

l Ijo
 K

o
lo

ku
m

a
 d

ia
le

ct a
re

 g
ive

n
 in

 (5
).  T

h
e

 co
n

so
n

a
n

t
in

ve
n

to
ry is a

s fo
llo

w
s: [p, b

, t, d
, k

, g
, k

Ép
, g

Éb
, f, v

, s, z
, ƒ

, m
, n

, N
, R, l, j, w

, h].

- 26 -

N
a

sa
liza

tio
n

 o
f th

e
 fla

p
 is sh

o
w

n
 in

 e
xa

m
p

le
s (d

-e
).  W

illia
m

so
n

 (1
9

8
7

: 4
0

1
) n

o
te

s th
a

t
b

e
fo

re
 a

 vo
w

e
l [l] a

n
d

 [n
] a

re
 in

 co
m

p
le

m
e

n
ta

ry d
istrib

u
tio

n
, [l] o

ccu
rin

g
 b

e
fo

re
 o

ra
l

vo
w

e
ls a

n
d

 [n
] b

e
fo

re
 n

a
sa

l.  In
 n

a
sa

l vo
ca

lic e
n

viro
n

m
e

n
ts sh

e
 p

o
sits /l/ a

s n
a

sa
lizin

g
 to

[n].

(5)
Ijo (K

olokum
a dialect)

a.
U
)m

b
a

‘b
re

a
th

’

b
.

a
)n
d
a

‘w
re

stle
’

c.
w

)a)i ‚
‘p

re
p

a
re

 su
g

a
rca

n
e

’
d

.
j ‚a

)R)I‚
‘sh

a
ke

’
e.

sç
)R)ç)

‘five
’

f.
sa

)n
lo

‘gills’
g

.
iz

o
)N
g
o

‘ju
g

’
h

.
a
b
a
)m

u
‘lo

ft’
i.

o
to

)N
g
b
o
lo

‘m
o

sq
u

ito
’

j.
tç)n

i ‚
‘light (a lam

p)’

T
h

e
 A

p
p

le
cro

ss d
ia

le
ct o

f S
co

ttish
 G

a
e

lic, a
 C

e
ltic la

n
g

u
a

g
e

 sp
o

ke
n

 in
 S

co
tla

n
d

,
illu

stra
te

s th
e

 fo
u

rth
 va

ria
tio

n
 in

 w
h

ich
 n

a
sa

liza
tio

n
 ca

rrie
s th

ro
u

g
h

 frica
tive

s (T
e

rn
e

s
1

9
7

3
).  N

a
sa

lity sp
re

a
d

s rig
h

tw
a

rd
 fro

m
 a

 stre
sse

d
 n

a
sa

l vo
w

e
l (u

su
a

lly in
 th

e
 in

itia
l

sylla
b

le
) u

n
til ch

e
cke

d
 b

y a
n

 o
b

stru
e

n
t sto

p
.  It a

lso
 n

a
sa

lize
s th

e
 o

n
se

t o
f th

e
 sylla

b
le

co
n

ta
in

in
g

 th
e

 stre
sse

d
 vo

w
e

l, p
ro

vid
e

d
 th

e
 o

n
se

t is n
o

t a
n

 o
b

stru
e

n
t sto

p
.

1  E
xa

m
p

le
s

a
re

 g
ive

n
 in

 (6
).  T

h
re

e
 vo

w
e

l le
n

g
th

s a
re

 d
istin

g
u

ish
e

d
; o

n
e

 ra
ise

d
 tria

n
g

le
 m

a
rks h

a
lf-

lo
n

g
, tw

o
 tria

n
g

le
s m

a
rk lo

n
g

, a
n

d
 sh

o
rt vo

w
e

ls a
re

 u
n

m
a

rke
d

.  T
h

e
 in

ve
n

to
ry co

n
ta

in
s

th
e

 fo
llo

w
in

g
 co

n
so

n
a

n
ts: [p

, 
p
H, b

, b
H, t, tH, d

, d
H, tJ, tJH, d

J, d
JH, k

J, k
JH, g

J, g
JH, k

, k
H,

g
, g

H, f, v
, s, S, C

, ∆, x
, ƒ

, m
, n

, n
J, N

, r, {
, l, lJ, ;

, j, h] (vo
ice

d
 a

sp
ira

te
d

 sto
p

s a
re

u
se

d
 b

y co
n

se
rva

tive
 sp

e
a

ke
rs o

n
ly).

(6)
S

cottish G
aelic (A

pplecross dialect)

a.
/m

a)>h
ar/

[m
a
)>h

)a
)r)]

‘m
o

th
e

r

b
.

/tJi ‚an
u/

[tJi ‚a
)n
u
)]

‘to
 d

o
, to

 m
a

ke
’

c.
/fri ‚a>v/

[f ‚r)i ‚a
)>v

)]
‘ro

o
t’ (p

lu
ra

l)
d

.
/SE)n

E>v
a
r/

[S )E)n
E)v

)a
)r)]

‘g
ra

n
d

m
o

th
e

r’

1  T
e

rn
e

s n
o

te
s so

m
e

 co
m

p
le

xitie
s in

 re
la

tio
n

 to
 th

e
 m

id
-h

ig
h

 vo
w

e
ls.  T

h
e

se
 w

ill b
e

 d
iscu

sse
d

 in
se

ctio
n

 2
.4

.
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e.
/;

a
)̆∆/

[;
)a
)̆∆ ‚]

‘h
a

n
d

’
f.

/a)h
u
C/

[a
)h
)u
)C)]

‘n
e

ck’
g

.
/sN

a
)>n

Jd
Ja

n/
[s)N

a
)>n

Jd
Ja

n]
‘th

re
a

d
’

h
.

/tHa
)h
u
sk/

[tHa
)h
)u
)s)k]

‘se
n

se
le

ss p
e

rso
n

, fo
o

l’
i.

/stra
)i>ƒ/

[str)a
)i ‚>ƒ

)]
‘strin

g
’

j.
/k

Hç)isp
a
x
k/

[k
Hç)i ‚s)p

a
x
k]

‘w
a

sp
’ 2

T
h

e
 a

b
o

ve
 e

xa
m

p
le

s illu
stra

te
 fo

u
r h

ie
ra

rch
ica

l va
ria

tio
n

s in
 th

e
 se

t o
f se

g
m

e
n

ts
u

n
d

e
rg

o
in

g
 n

a
sa

l h
a

rm
o

n
y.  In

 g
e

n
e

ra
l te

rm
s, th

e
 h

ie
ra

rch
y g

o
ve

rn
in

g
 th

e
 va

ria
n

ts h
a

s
five

 se
g

m
e

n
ta

l cla
sse

s: V
o

w
e

ls, G
lid

e
s, L

iq
u

id
s, F

rica
tive

s, a
n

d
 O

b
stru

e
n

t S
to

p
s, w

h
e

re
e

a
ch

 va
ria

tio
n

 in
 th

e
 se

t o
f p

a
rticip

a
tin

g
 se

g
m

e
n

ts co
rre

sp
o

n
d

s to
 a

 ste
p

 in
 th

e
 h

ie
ra

rch
y

(se
e

 (2
)).  Y

e
t th

e
re

 is a
 fu

rth
e

r ste
p

 a
t e

ith
e

r e
n

d
 o

f th
e

 h
ie

ra
rch

y w
h

ich
 m

u
st a

lso
 b

e
co

n
sid

e
re

d
.  T

h
e

 re
m

a
in

in
g

 ste
p

 a
t th

e
 le

ft o
r to

p
 e

n
d

 co
rre

sp
o

n
d

s to
 a

 va
ria

n
t in

 w
h

ich
all segm

ents block nasal spreading.  T
his w

ill be a language w
ith no nasal harm

ony, such
a

s S
p

a
n

ish
 (S

ta
n

d
a

rd
).  A

t th
e

 o
p

p
o

site
 e

xtre
m

e
 th

e
re

 is a
 ste

p
 co

rre
sp

o
n

d
in

g
 to

 a
va

ria
n

t ta
rg

e
ttin

g
 a

ll se
g

m
e

n
ts.  Y

e
t th

e
re

 a
p

p
e

a
rs to

 b
e

 n
o

 su
rfa

ce
-tru

e
 e

xa
m

p
le

 o
f th

is
kin

d
, w

h
ich

 is u
n

e
xp

e
cte

d
 g

ive
n

 th
e

 a
ssu

m
p

tio
n

 in
 O

p
tim

a
lity T

h
e

o
ry th

a
t a

ll co
n

stra
in

t
ra

n
kin

g
s a

re
 p

o
ssib

le
.  In

 fa
ct, I cla

im
 th

a
t th

e
re

 a
re

 e
xa

m
p

le
s w

h
ich

 co
u

ld
 b

e
 re

a
so

n
a

b
ly

slo
tte

d
 in

 th
is la

st ca
te

g
o

ry.  I p
ro

p
o

se
 th

a
t n

a
sa

l h
a

rm
o

n
y in

 w
h

ich
 n

o
 se

g
m

e
n

ts b
lo

ck
n

a
sa

l sp
re

a
d

in
g

 a
n

d
 so

m
e

 o
b

stru
e

n
ts b

e
h

a
ve

 tra
n

sp
a

re
n

t is a
n

 in
sta

n
ce

 o
f th

is ca
se

.  T
h

is
kin

d
 o

f p
a

tte
rn

 o
ccu

rs in
 T

u
yu

ca
.

T
u

yu
ca

 is a
 T

u
ca

n
o

a
n

 la
n

g
u

a
g

e
 sp

o
ke

n
 in

 C
o

lo
m

b
ia

 a
n

d
 B

ra
zil (B

a
rn

e
s a

n
d

T
a

ka
g

i d
e

 S
ilze

r 1
9

7
6

; B
a

rn
e

s 1
9

9
6

).
3  Its in

ve
n

to
ry o

f co
n

so
n

a
n

ts is a
s fo

llo
w

s [
p
, b

, t,

d
, k

, g
, m

, n
, N

, s, r, w
, j, h

] 
w

ith
 

n
a

sa
l 

a
n

d
 

vo
ice

d
 

sto
p

s 
in

 
co

m
p

le
m

e
n

ta
ry

d
istrib

u
tio

n
 in

 o
u

tp
u

ts, a
s d

e
fin

e
d

 b
y n

a
sa

l h
a

rm
o

n
y co

n
te

xts (B
a

rn
e

s 1
9

9
6

: 3
3

).
M

o
rp

h
e

m
e

s in
 T

u
yu

ca
 a

re
 d

e
scrip

tive
ly ch

a
ra

cte
rize

d
 a

s n
a

sa
l o

r o
ra

l a
s a

 w
h

o
le

, a
s in

(7
).  W

ith
in

 a
n

 o
ra

l m
o

rp
h

e
m

e
, a

ll se
g

m
e

n
ts a

re
 o

ra
l; in

 a
 n

a
sa

l m
o

rp
h

e
m

e
, a

ll se
g

m
e

n
ts

a
re

 n
a

sa
l e

xce
p

t fo
r vo

ice
le

ss o
b

stru
e

n
ts.  In

 o
ra

l m
o

rp
h

e
m

e
s, a

ll vo
ice

d
 sto

p
s a

re
p

ro
d

u
ce

d
 a

s o
ra

l o
b

stru
e

n
t sto

p
s a

n
d

 in
 th

e
 o

u
tp

u
t o

f n
a

sa
l m

o
rp

h
e

m
e

s, a
ll vo

ice
d

 sto
p

s
a

re
 fu

lly n
a

sa
l so

n
o

ra
n

t sto
p

s.  B
e

ca
u

se
 n

a
sa

lity sp
re

a
d

s to
 a

ll n
a

sa
liza

b
le

 se
g

m
e

n
ts in

 a
n

a
sa

l m
o

rp
h

e
m

e
, it is im

p
o

ssib
le

 to
 u

n
a

m
b

ig
u

o
u

sly p
in

p
o

in
t th

e
 se

g
m

e
n

t fro
m

 w
h

ich
n

a
sa

l sp
re

a
d

in
g

 o
rig

in
a

te
s.  F

o
r e

a
se

 o
f e

xp
o

sitio
n

, I w
ill sim

p
ly a

ssu
m

e
 th

a
t n

a
sa

lity
o

rig
in

a
te

s fro
m

 a
 n

a
sa

l vo
w

e
l o

r sto
p

 in
 th

e
 first sylla

b
le

 in
 a

 n
a

sa
l m

o
rp

h
e

m
e

 (T
u

yu
ca

2  T
h

e
 tra

n
scrip

tio
n

s in
 (6

) fo
llo

w
 T

e
rn

e
s, w

h
o

 a
sse

rts th
a

t vo
ice

d
 a

n
d

 vo
ice

le
ss frica

tive
s a

re
 n

a
sa

lize
d

a
n

d
 frica

te
d

 in
 n

a
sa

l sp
re

a
d

in
g

.  F
o

r m
o

re
 g

e
n

e
ra

l d
iscu

ssio
n

 o
f n

a
sa

lize
d

 frica
tive

s se
e

 se
ctio

n
 2

.4
.

3  T
h

a
n

ks to
 G

e
o

ff P
u

llu
m

 fo
r first b

rin
g

in
g

 th
e

 T
u

yu
ca

 d
a

ta
 to

 m
y a

tte
n

tio
n

.
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vo
w

e
ls a

re
 [i, ˆ, u

, e
, a

, o], e
a

ch
 w

ith
 a

 n
a

sa
l co

u
n

te
rp

a
rt).
4  In

 T
u

yu
ca

, sp
re

a
d

in
g

 fro
m

th
e

 trig
g

e
r se

g
m

e
n

t is b
id

ire
ctio

n
a

l, a
n

d
 it is n

o
t b

lo
cke

d
 b

y a
n

y se
g

m
e

n
ts w

ith
in

 th
e

m
o

rp
h

e
m

e
.  V

o
ice

le
ss o

b
stru

e
n

ts a
re

 tra
n

sp
a

re
n

t to
 th

e
 n

a
sa

l h
a

rm
o

n
y in

 th
e

 se
n

se
 th

a
t

th
e

y a
lw

a
ys su

rfa
ce

 a
s o

ra
l a

n
d

 ye
t th

e
y d

o
 n

o
t p

re
ve

n
t n

a
sa

liza
tio

n
 fro

m
 sp

re
a

d
in

g
 p

a
st

th
e

m
 to

 o
th

e
r se

g
m

e
n

ts in
 a

 n
a

sa
l m

o
rp

h
e

m
e

. (B
e

lo
w

 I tra
n

scrib
e

 n
a

sa
lize

d
 /

j/ a
s [j ‚];

B
arnes (1996) transcribes this as [

¯].)

(7)
T

u
yu

ca

O
ral

N
asal

a.
w

a@a
‘to

 g
o

’
n

.
w

)a)èa)
‘to illum

inate’

b
.

w
a
tiê

‘d
a

n
d

ru
ff’

o
.

w
)a)ti ‚è

‘d
e

m
o

n
’

c.
h
o
o
@

‘b
a

n
a

n
a

’
p

.
h
)o
)o
)è

‘th
e

re
’

d
.

k
e
e
ro

@ ‘lig
h

tn
in

g
 b

u
g

’
q

.
k
e
)e
)r)o

)è ‘a dream
’

e.
o
so

@
‘b

a
t’

r.
j ‚o

)so
)è

‘b
ird

’
f.

b
o
ta

@
‘p

o
st’

s.
e
)m

o
)è

‘h
o

w
le

r m
o

n
ke

y’
g

.
p
a
d
e
@

‘w
o

rk’
t.

w
)i ‚n

o
)è

‘w
in

d
’

h
.

sˆg
e
@

‘to
 fo

llo
w

’
u

.
t

‚̂N
o
)è

‘Y
a

p
a

ra
 ra

p
id

s’
i.

sia
@

‘to
 tie

’
v.

si ‚a
)è

‘to
 kill’

j.
p
ee@

‘to
 b

e
n

d
’

w
.

p
e
)e)è

‘to
 p

re
p

a
re

 so
u

p
’

k.
b
ip

iê
‘sw

o
lle

n
’

x.
m

i ‚p
i ‚ê

‘b
a

d
g

e
r’

l.
d
itiê

‘to
 lo

se
’

y.
n
i ‚ti ‚ê

‘co
a

l’
m

.
ak

a@
‘g

ive
 fo

o
d

’
z.

a
)k
a
))è

‘ch
o

ke
 o

n
 a

 b
o

n
e

’

In
 a

ttrib
u

tin
g

 a
 sp

e
cia

l sta
tu

s to
 th

e
 first sylla

b
le

, I fo
llo

w
 B

e
ckm

a
n

 (1
9

9
5

, 1
9

9
7

,
1

9
9

8
), w

h
o

 fin
d

s th
a

t th
e

 ro
o

t-in
itia

l sylla
b

le
 o

fte
n

 h
a

s a
 p

rivile
g

e
d

 sta
tu

s in
 trig

g
e

rin
g

sp
re

a
d

in
g

 a
n

d
 re

sistin
g

 ch
a

n
g

e
 to

 its o
w

n
 fe

a
tu

ra
l sp

e
cifica

tio
n

.  B
e

ckm
a

n
 su

g
g

e
sts th

a
t

th
is is a

 co
n

se
q

u
e

n
ce

 o
f fa

ith
fu

ln
e

ss co
n

stra
in

ts th
a

t a
re

 p
o

sitio
n

-se
n

sitive
, w

h
e

re
 th

e
a

va
ila

b
ility 

o
f 

su
ch

 
p

o
sitio

n
s 

is 
d

e
fin

e
d

 
b

y 
p

e
rce

p
tu

a
l 

fa
cilita

tio
n

 
(d

ra
w

in
g

 
o

n
observations of S

teriade 1993c).  P
osition-sensitive faithfulness w

ill be discussed in m
ore

d
e

ta
il in

 ch
a

p
te

r 3
.  In

d
e

p
e

n
d

e
n

t e
vid

e
n

ce
 fo

r a
 sp

e
cia

l sta
tu

s o
f th

e
 first sylla

b
le

 in
T

u
ca

n
o

a
n

 la
n

g
u

a
g

e
s co

m
e

s fro
m

 n
a

sa
liza

tio
n

 in
 a

n
o

th
e

r T
u

ca
n

o
a

n
 la

n
g

u
a

g
e

, O
re

jo
n

(d
ia

le
ct d

e
scrib

e
d

 b
y A

rn
a

iz 1
9

8
8

 a
n

d
 d

iscu
sse

d
 in

 P
u

lle
yb

la
n

k 1
9

8
9

).  In
 O

re
jo

n
,

n
a

sa
lity in

 vo
w

e
ls cle

a
rly o

rig
in

a
te

s in
 th

e
 first sylla

b
le

 a
n

d
 sp

re
a

d
s to

 th
e

 rig
h

t a
cro

ss a

4  A
lte

rn
a

tive
ly, B

a
rn

e
s su

g
g

e
sts th

a
t th

e
 fe

a
tu

re
 o

f n
a

sa
lity is a

ffilia
te

d
 u

n
d

e
rlyin

g
ly w

ith
 th

e
 e

n
tire

m
o

rp
h

e
m

e
 (1

9
9

6
: 3

1
).
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co
n

tin
u

o
u

s 
se

q
u

e
n

ce
 

o
f 

vo
ice

d
 

se
g

m
e

n
ts; 

vo
ice

le
ss 

se
g

m
e

n
ts 

b
lo

ck 
sp

re
a

d
in

g
.

Im
portantly, nasalization is contrastive for vow

els only in the initial syllable.
  I a

ssu
m

e
 th

a
t b

o
th

 vo
ice

d
 o

ra
l a

n
d

 n
a

sa
l sto

p
s a

re
 ‘p

h
o

n
e

m
ic’ in

 T
u

yu
ca

, i.e
.

th
e

y m
a

y b
o

th
 o

ccu
r u

n
d

e
rlyin

g
ly.  T

h
is w

ill b
e

 m
o

tiva
te

d
 a

s th
e

 a
n

a
lysis o

f T
u

yu
ca

d
e

ve
lo

p
s: I p

o
sit u

n
d

e
rlyin

g
 n

a
sa

l sto
p

s sin
ce

 th
e

y a
re

 th
e

 b
e

st kin
d

 o
f se

g
m

e
n

t w
ith

n
a

sa
lity a

n
d

 n
a

sa
l vo

w
e

ls a
lso

 o
ccu

r in
 th

e
 la

n
g

u
a

g
e

 (cf. F
e

rg
u

so
n

 1
9

6
3

, w
h

o
 fin

d
s th

a
t

th
e

 p
re

se
n

ce
 o

f n
a

sa
l vo

w
e

ls a
lm

o
st a

lw
a

ys im
p

lie
s th

e
 o

ccu
rre

n
ce

 o
f n

a
sa

l sto
p

s in
 a

la
n

g
u

a
g

e
); a

lso
, e

vid
e

n
ce

 w
ill b

e
 p

re
se

n
te

d
 fo

r th
e

 o
ccu

rre
n

ce
 o

f u
n

d
e

rlyin
g

 vo
ice

d
o

b
stru

e
n

t sto
p

s.  T
h

e
 su

rfa
ce

 co
m

p
le

m
e

n
ta

ry d
istrib

u
tio

n
 o

f n
a

sa
l a

n
d

 vo
ice

d
 sto

p
s is

th
u

s n
o

t a
 co

n
se

q
u

e
n

ce
 o

f re
strictio

n
s o

n
 u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
s, b

u
t a

 co
n

se
q

u
e

n
ce

o
f n

a
sa

l h
a

rm
o

n
y.  T

h
e

 n
a

sa
liza

tio
n

 o
f a

ll vo
ice

d
 sto

p
s in

 n
a

sa
l m

o
rp

h
e

m
e

s sh
o

w
s th

a
t

o
b

stru
e

n
t sto

p
s a

re
 ca

p
a

b
le

 o
f a

ctu
a

lly u
n

d
e

rg
o

in
g

 n
a

sa
l sp

re
a

d
in

g
.  T

h
e

 e
xiste

n
ce

 o
f

vo
ice

d
 sto

p
s w

ith
 a

n
 o

b
stru

e
n

t sta
tu

s in
 T

u
yu

ca
 is in

d
ica

te
d

 b
o

th
 b

y th
e

 o
b

stru
e

n
t-

re
a

liza
tio

n
 o

f vo
ice

d
 sto

p
s in

 o
ra

l m
o

rp
h

e
m

e
s a

n
d

 b
y th

e
 p

a
tte

rn
in

g
 o

f vo
ice

d
 sto

p
s in

n
a

sa
l sp

re
a

d
in

g
 a

cro
ss m

o
rp

h
e

m
e

s.  In
 cro

ss-m
o

rp
h

e
m

ic sp
re

a
d

in
g

 in
 T

u
yu

ca
, su

ffixe
s

b
e

h
a

ve
 in

 o
n

e
 o

f tw
o

 w
a

ys: th
e

y e
ith

e
r ta

ke
 o

n
 th

e
 n

a
sa

l q
u

a
lity o

f th
e

 ste
m

 to
 w

h
ich

th
e

y a
re

 a
ffixe

d
 (8

) o
r th

e
y a

re
 fixe

d
 in

 th
e

ir n
a

sa
lity (9

) (th
e

re
 a

re
 n

o
 p

re
fixe

s in
T

u
yu

ca
).

(8)
N

asality alternations w
ith /-ri/ ‘im

perative of w
arning’

a. 
O

ral suffix alternant w
ith oral stem

/tu
tiê - ri/ 

→
[tu

tiêri]
‘w

a
tch

 o
u

t o
r yo

u
 w

ill g
e

t sco
ld

e
d

!’
scold - im

p. of w
arning

b
.

N
asal suffix alternant w

ith nasal stem
/h

)̂‚̂‚ê - ri/ 
→

[h
)̂‚̂‚êr)i ‚]

‘w
a

tch
 o

u
t o

r yo
u

 w
ill g

e
t b

u
rn

e
d

!’
burn - im

p. of w
arning

(9)
S

uffixes w
ith fixed nasality

a.
F

ixed oral suffix
/w

)a)k
a
)è - g

o/ 
→

[w
)a)k

a
)g
o
@]

‘sh
e

 a
w

a
ke

n
s’

w
a

ke
 u

p
 - e

vid
e

n
tia

l

b
.

F
ixed nasal suffix

/k
o
a - m

a)/ 
→

[k
o
a
m

a
)è]

‘a
llo

w
 m

e
 to

 d
ig

’
dig - im

p. of perm
ission
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A
 list o

f so
m

e
 T

u
yu

ca
 su

ffixe
s b

y th
e

ir n
a

sa
liza

tio
n

 ca
te

g
o

rie
s is g

ive
n

 in
 (1

0
-1

1
).

In
te

re
stin

g
ly, su

ffixe
s th

a
t a

lte
rn

a
te

 e
xclu

d
e

 o
n

e
s w

ith
 in

itia
l sto

p
s o

r frica
tive

s.
5  A

s
B

a
rn

e
s (1

9
9

6
: 3

4
) o

b
se

rve
s, th

is in
d

ica
te

s th
a

t o
b

stru
e

n
ts b

lo
ck n

a
sa

l sp
re

a
d

 fro
m

 ste
m

to
 su

ffix, o
th

e
rw

ise
 th

e
 g

a
p

 o
f o

b
stru

e
n

t-in
itia

l su
ffixe

s in
 th

e
 a

lte
rn

a
tin

g
 se

t w
o

u
ld

 b
e

p
u

re
ly a

ccid
e

n
ta

l.

(10)
A

lternating suffixes:

a.
-a

anim
ate plural

b
.

-h
a

co
n

tra
st

c.
-ja

im
perative

d
.

-w
ˆ

e
vid

e
n

tia
l

e.
-w

o
e

vid
e

n
tia

l
f.

-ri
im

perative of w
arning

g
.

-re
specifier

h
.

-ro
adverbializer

i.
-ra

pl. nom
inative

(11)
F

ixed oral suffixes:
F

ixed nasal suffixes:

a.
-a

re
ce

n
t p

a
st

o
.

-h )a)
e

m
p

h
a

tic

b
.

-ja
e

vid
e

n
tia

l
p

.
-j ‚a)

try
c.

-w
ˆ

classifier
q

.
-w

)̂ ‚
singularizer

d
.

-w
o

classifier
r.

-w
)o
)

classifier
e.

-ri
inanim

ate sg. nom
inative

s.
-

r)i ‚
tim

e(s)
f.

-re
inanim

ate pl. nom
inative

g
.

-sa
classifier

t.
-sa

)
co

n
tin

u
e

 a
ctio

n
h

.
-b

a
classifier

u
.

-m
a)

classifier
i.

-d
a

classifier
v.

-n
a)

a
t th

a
t in

sta
n

t

5  V
o

ice
d

 ve
la

r sto
p

s b
e

h
a

ve
 so

m
e

w
h

a
t d

iffe
re

n
tly fro

m
 th

e
 o

th
e

rs, b
e

ca
u

se
 th

e
y ca

n
 o

ccu
r in

a
lte

rn
a

tin
g

 su
ffixe

s.  B
a

rn
e

s g
ive

s th
e

 e
xa

m
p

le
, /-

g
o/, a

 d
e

p
e

n
d

e
n

t ve
rb

 su
ffix, w

h
ich

 is re
a

lize
d

 a
s [

g
o]

a
fte

r a
n

 o
ra

l m
o

rp
h

e
m

e
 a

n
d

 [
N
o
)] a

fte
r a

 n
a

sa
l m

o
rp

h
e

m
e

 (1
9

9
6

: 3
5

).  T
rig

o
 (1

9
8

8
) o

ffe
rs a

 p
o

ssib
le

e
xp

la
n

a
tio

n
.  In

 h
e

r d
iscu

ssio
n

 o
f th

e
 re

la
te

d
 la

n
g

u
a

g
e

, T
u

ca
n

o
, w

h
ich

 e
xh

ib
its th

e
 sa

m
e

 su
ffixa

l
b

lo
ckin

g
 e

ffe
cts, sh

e
 a

rg
u

e
s th

a
t th

e
 ve

la
r n

a
sa

l a
lte

rn
a

n
t is a

ctu
a

lly a
 p

la
ce

le
ss n

a
sa

l se
g

m
e

n
t, a

n
d

th
u

s b
e

lo
n

g
s to

 a
 se

p
a

ra
te

 cla
ss fro

m
 th

e
 sto

p
s.  It h

a
s a

lso
 b

e
e

n
 su

g
g

e
ste

d
 th

a
t vo

ice
d

 ve
la

rs te
n

d
 to

b
e

co
m

e
 n

a
sa

lize
d

 in
 o

rd
e

r to
 o

ve
rco

m
e

 th
e

 d
ifficu

lty in
 m

a
in

ta
in

in
g

 vo
icin

g
 w

h
e

n
 th

e
re

 is a
 p

o
ste

rio
r

o
ra

l clo
su

re
.  T

h
is h

a
s b

e
e

n
 h

yp
o

th
e

size
d

 in
 re

g
a

rd
 to

 th
e

 [
g

] ~
 [N

] a
llo

p
h

o
n

y in
 T

o
kyo

 Ja
p

a
n

e
se

,
w

h
e

re
 vo

ice
d

 ve
la

r sto
p

s o
ccu

r a
s o

ra
l w

o
rd

-in
itia

lly a
n

d
 n

a
sa

l m
e

d
ia

lly (M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
5

;
Itô

 a
n

d
 M

e
ste

r 1
9

9
7

c).
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j.
-g

a
e

vid
e

n
tia

l
w

.
-N
a)

dim
inutive

k.
-g

o
e

vid
e

n
tia

l
l.

-p
i

to
o

 m
u

ch
x.

-pi ‚
classifier

m
.

-to
e

vid
e

n
tia

l
y.

-to
)

classifier
n

.
-k

a
large inanim

ate sg.
z.

-
k
a)

a
lso

T
h

e
 fa

ct th
a

t vo
ice

d
 sto

p
s p

a
tte

rn
 w

ith
 th

e
 o

b
stru

e
n

ts in
 b

lo
ckin

g
 n

a
sa

l sp
re

a
d

a
cro

ss m
o

rp
h

e
m

e
s is stro

n
g

 e
vid

e
n

ce
 th

a
t w

h
e

n
 o

ra
l th

e
y a

re
 o

b
stru

e
n

ts th
e

m
se

lve
s.

T
h

is b
lo

ckin
g

 e
ffe

ct w
o

u
ld

 b
e

 w
h

o
lly u

n
e

xp
e

cte
d

 if o
ra

l vo
ice

d
 sto

p
s w

e
re

 p
o

site
d

 a
s

u
n

d
e

rlyin
g

ly o
ra

l so
n

o
ra

n
ts ra

th
e

r th
a

n
 o

b
stru

e
n

ts in
 T

u
yu

ca
, a

s P
ig

g
o

tt (1
9

9
2

) a
n

d
 R

ice
(1

9
9

3
) h

a
ve

 p
ro

p
o

se
d

 fo
r th

e
 re

la
te

d
 T

u
ca

n
o

a
n

 la
n

g
u

a
g

e
, S

o
u

th
e

rn
 B

a
ra

sa
n

o
.  S

o
n

o
ra

n
t

sto
p

s, a
 se

t w
h

ich
 in

clu
d

e
s n

a
sa

ls like
 [m

] o
r [n

] a
n

d
 p

o
ssib

ly o
ra

l so
n

o
ra

n
t co

u
n

te
rp

a
rts

(a
s P

ig
g

o
tt a

n
d

 R
ice

 su
g

g
e

st), a
re

 h
ig

h
ly co

m
p

a
tib

le
, in

d
e

e
d

 th
e

 b
e

st, w
ith

 n
a

sa
liza

tio
n

a
n

d
 w

o
u

ld
 n

o
t b

e
 e

xp
e

cte
d

 to
 b

lo
ck n

a
sa

l sp
re

a
d

in
g

 w
h

e
n

 le
ss co

m
p

a
tib

le
 se

g
m

e
n

ts
su

ch
 a

s g
lid

e
s a

n
d

 liq
u

id
s u

n
d

e
rg

o
.  O

n
 th

e
 o

th
e

r h
a

n
d

, o
b

stru
e

n
t sto

p
s a

re
 lo

w
 o

n
 th

e
sca

le
 o

f co
m

p
a

tib
ility w

ith
 n

a
sa

liza
tio

n
, so

 th
e

y sh
o

u
ld

 o
n

ly u
n

d
e

rg
o

 n
a

sa
liza

tio
n

 w
h

e
n

a
ll se

g
m

e
n

ts th
a

t a
re

 m
o

re
 co

m
p

a
tib

le
 d

o
 a

s w
e

ll —
 th

is is th
e

 ca
se

 w
ith

in
 T

u
yu

ca
m

o
rp

h
e

m
e

s.  F
u

rth
e

r, th
e

y a
re

 e
xp

e
cte

d
 to

 b
e

 a
m

o
n

g
st th

e
 first cla

sse
s o

f se
g

m
e

n
ts to

b
lo

ck n
a

sa
l sp

re
a

d
in

g
, co

n
siste

n
t w

ith
 th

e
ir b

e
h

a
vio

r in
 cro

ss-m
o

rp
h

e
m

ic h
a

rm
o

n
y.  T

h
e

full system
 of T

uyuca nasal harm
ony form

s a case study in chapter 3.
N

a
sa

l h
a

rm
o

n
y w

ith
in

 T
u

yu
ca

 m
o

rp
h

e
m

e
s p

ro
vid

e
s a

n
 e

xa
m

p
le

 in
 w

h
ich

 n
a

sa
l

sp
re

a
d

in
g

 ta
rg

e
ts a

ll cla
sse

s o
f se

g
m

e
n

ts, in
clu

d
in

g
 o

b
stru

e
n

ts.  T
h

is co
m

p
le

te
s th

e
exem

plification of the hierarchical typology, sum
m

arized in (12).

(12)
H

ie
ra

rch
ica

l typ
o

lo
g

y o
f n

a
sa

l h
a

rm
o

n
y

  ①
 V

ow
els        G

lides         
 

Liquids         
 

F
ricatives      O

bstruent stops       
 

  ①
 S

p
a

n
ish

    
 

V
ow

els   ②
   G

lides         
 

Liquids         
 

F
ricatives      O

bstruent stops       
 

  ②
 S

u
n

d
a

n
e

se

    
 

V
ow

els         
 

G
lid

e
s    ③

   Liquids         
 

F
ricatives      O

bstruent stops       
 

  ③
 M

a
la

y (Jo
h

o
re

)

    
 

V
ow

els         
 

G
lides         

 
Liquids    ④

  F
ricatives      O

bstruent stops       
 

  ④
 Ijo

 (K
o

lo
ku

m
a

)

    
 

V
ow

els         
 

G
lides         

 
Liquids         

 
F

ricatives   ⑤
 O

bstruent stops     
 

  ⑤
 G

a
e

lic (A
.cro

ss)

    
 

V
ow

els         
 

G
lides         

 
Liquids         

 
F

ricatives      O
bstruent stops 

 ⑥
  ⑥

 T
u

yu
ca

←
 U

N
D

E
R

G
O

E
R

S
  

 
 

 
 

          
B

LO
C

K
E

R
S

 →

A
ll o

f th
e

 va
ria

tio
n

 in
 th

e
 se

t o
f n

o
n

-u
n

d
e

rg
o

in
g

 (b
lo

ckin
g

 se
g

m
e

n
ts) co

n
fo

rm
s to

 th
e

o
n

e
 fixe

d
 h

ie
ra

rch
y o

f se
g

m
e

n
ts a

n
d

 a
ll va

ria
tio

n
s g

ive
n

 b
y th

e
 h

ie
ra

rch
y a

re
 a

tte
ste

d
.
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A
n

 a
n

a
lytica

l a
ssu

m
p

tio
n

 I m
a

ke
 fo

r th
is typ

o
lo

g
y is th

a
t a

ll n
a

sa
l h

a
rm

o
n

y is strictly
se

g
m

e
n

ta
lly lo

ca
l, so

 th
e

 o
n

ly p
o

ssib
le

 o
u

tco
m

e
 fo

r a
 se

g
m

e
n

t fa
ilin

g
 to

 p
a

rticip
a

te
 in

n
a

sa
l h

a
rm

o
n

y is fo
r it to

 b
lo

ck sp
re

a
d

in
g

.  B
e

ca
u

se
 o

f th
e

 strict lo
ca

lity, d
e

scrip
tive

ly
tra

n
sp

a
re

n
t se

g
m

e
n

ts w
ill n

o
t b

e
 skip

p
e

d
 b

u
t sh

o
u

ld
 b

e
 g

ro
u

p
e

d
 w

ith
 th

e
 se

g
m

e
n

ts th
a

t
a

ctu
a

lly u
n

d
e

rg
o

 h
a

rm
o

n
y, so

 in
 T

u
yu

ca
, I cla

im
 th

a
t ‘tra

n
sp

a
re

n
t’ vo

ice
le

ss o
b

stru
e

n
ts

sh
o

u
ld

 b
e

 re
g

a
rd

e
d

 a
s se

g
m

e
n

ts th
a

t p
a

rticip
a

te
 in

 n
a

sa
l h

a
rm

o
n

y.  T
h

is cla
im

 is ke
y to

a
ch

ie
vin

g
 a

 co
m

p
le

te
 typ

o
lo

g
y w

ith
 a

ll h
ie

ra
rch

ica
l va

ria
n

ts.
In

 o
rd

e
r to

 ve
rify th

e
 cro

ss-lin
g

u
istic a

p
p

lica
tio

n
 o

f th
is h

ie
ra

rch
ica

l typ
o

lo
g

y, I
co

m
p

ile
d

 a
 d

a
ta

b
a

se
 o

f n
a

sa
l h

a
rm

o
n

y p
a

tte
rn

s in
 o

ve
r 7

5
 la

n
g

u
a

g
e

s, b
u

ild
in

g
 o

n
 th

e
b

a
ckg

ro
u

n
d

 o
f su

rve
ys b

y S
ch

o
u

ru
p

 (1
9

7
2

), C
o

h
n

 (1
9

9
3

c), a
n

d
 P

ig
g

o
tt (1

9
9

2
) (a

m
o

n
g

o
th

e
r fo

u
n

d
a

tio
n

a
l w

o
rk cite

d
 in

 2
.4

).  P
a

tte
rn

s in
clu

d
e

d
 in

 th
is d

a
ta

b
a

se
 a

re
 th

o
se

 in
w

h
ich

 n
a

sa
liza

tio
n

 sp
re

a
d

s a
cro

ss sylla
b

le
s o

r ta
rg

e
ts n

o
n

vo
ca

lic se
g

m
e

n
ts in

 th
e

sylla
b

le
.  A

 co
n

d
e

n
se

d
 ve

rsio
n

 o
f th

e
 d

a
ta

b
a

se
 a

n
d

 d
iscu

ssio
n

 o
f its fin

d
in

g
s a

re
 g

ive
n

 in
a

n
 a

p
p

e
n

d
ix to

 th
is ch

a
p

te
r in

 se
ctio

n
 2

.4
.  I su

m
m

a
rize

 h
e

re
 th

e
 ke

y fin
d

in
g

s a
n

d
 re

la
te

th
e

m
 to

 th
e

 typ
o

lo
g

y in
 (1

2
).

T
h

e
 fo

ca
l fin

d
in

g
 o

f th
e

 d
a

ta
b

a
se

 is th
a

t va
ria

tio
n

 in
 n

a
sa

l h
a

rm
o

n
y a

cro
ss

la
n

g
u

a
g

e
s b

e
a

rs o
u

t th
e

 im
p

lica
tio

n
a

l h
ie

ra
rch

y o
u

tlin
e

d
 in

 (2
).  T

h
e

 stu
d

y fin
d

s th
a

t if a
se

g
m

e
n

t b
lo

cks n
a

sa
liza

tio
n

, a
ll se

g
m

e
n

ts le
ss co

m
p

a
tib

le
 b

y th
e

 n
a

sa
liza

tio
n

 h
ie

ra
rch

y
w

ill a
lso

 b
lo

ck n
a

sa
l sp

re
a

d
in

g
.  F

u
rth

e
r, if a

 se
g

m
e

n
t u

n
d

e
rg

o
e

s n
a

sa
liza

tio
n

 o
r b

e
h

a
ve

s
tra

n
sp

a
re

n
t, a

ll se
g

m
e

n
ts m

o
re

 co
m

p
a

tib
le

 w
ith

 n
a

sa
lity w

ill u
n

d
e

rg
o

 n
a

sa
l sp

re
a

d
in

g
.

Im
p

o
rta

n
tly, tra

n
sp

a
re

n
cy e

ffe
cts a

re
 lim

ite
d

 to
 th

e
 cla

ss o
f o

b
stru

e
n

ts, th
a

t is, o
n

ly
o

b
stru

e
n

ts h
a

ve
 e

ve
r b

e
e

n
 sh

o
w

n
 to

 su
rfa

ce
 a

s o
ra

l w
ith

in
 a

 n
a

sa
l h

a
rm

o
n

y sp
a

n
; o

th
e

r
se

g
m

e
n

ts b
e

co
m

e
 n

a
sa

lize
d

 in
 th

is co
n

te
xt.  O

b
stru

e
n

ts a
re

 p
re

cise
ly th

e
 cla

ss fo
r w

h
ich

th
e

re
 a

p
p

e
a

rs to
 b

e
 n

o
 e

xa
m

p
le

 o
f n

a
sa

liza
tio

n
 o

f a
ll se

g
m

e
n

ts, a
n

 u
n

e
xp

e
cte

d
 g

a
p

 u
n

d
e

r
th

e
 a

ssu
m

p
tio

n
 th

a
t a

ll p
o

ssib
le

 va
ria

n
ts g

ive
n

 b
y th

e
 im

p
lica

tio
n

a
l h

ie
ra

rch
y a

ctu
a

lly
o

ccu
r.  F

illin
g

 th
is g

a
p

 m
o

tiva
te

s th
e

 cla
im

 th
a

t tra
n

sp
a

re
n

t se
g

m
e

n
ts a

re
 ‘u

n
d

e
rg

o
e

rs’ o
r

ta
rg

e
ts o

f n
a

sa
liza

tio
n

, so
 a

 la
n

g
u

a
g

e
 in

 w
h

ich
 a

ll se
g

m
e

n
ts a

re
 n

a
sa

lize
d

 w
ith

 th
e

e
xce

p
tio

n
 o

f so
m

e
 tra

n
sp

a
re

n
t o

b
stru

e
n

ts co
rre

sp
o

n
d

s to
 a

 la
n

g
u

a
g

e
 in

 w
h

ich
 a

ll
se

g
m

e
n

ts u
n

d
e

rg
o

 n
a

sa
l h

a
rm

o
n

y.  W
e

 th
e

re
b

y d
e

rive
 a

 co
m

p
le

te
 typ

o
lo

g
y, in

 w
h

ich
 a

ll
h

ie
ra

rch
ica

l va
ria

n
ts a

re
 a

tte
ste

d
, a

n
d

 a
t th

e
 sa

m
e

 tim
e

 w
e

 e
xp

la
in

 th
e

 e
sse

n
tia

lly
co

m
p

le
m

e
n

ta
ry re

la
tio

n
sh

ip
 b

e
tw

e
e

n
 se

g
m

e
n

ts th
a

t b
e

co
m

e
 n

a
sa

lize
d

 in
 n

a
sa

l h
a

rm
o

n
y

a
n

d
 th

o
se

 th
a

t b
e

h
a

ve
 tra

n
sp

a
re

n
t.  In

 a
d

d
itio

n
, w

e
 d

e
rive

 th
e

 p
a

ra
lle

l im
p

lica
tio

n
 in

th
e

se
 tw

o
 se

ts o
f se

g
m

e
n

ts, w
h

e
re

b
y if a

 se
g

m
e

n
t b

e
co

m
e

s n
a

sa
lize

d
 o

r b
e

h
a

ve
s

transparent, all m
ore com

patible segm
ents also undergo nasalization.

T
h

e
 cro

ss-lin
g

u
istic g

e
n

e
ra

liza
tio

n
s th

u
s su

p
p

o
rt th

e
 h

ie
ra

rch
ica

l vie
w

 o
f va

ria
tio

n
a

n
d

 th
e

 p
ro

p
o

sa
l th

a
t tra

n
sp

a
re

n
t se

g
m

e
n

ts sh
o

u
ld

 b
e

 u
n

d
e

rsto
o

d
 a

s ta
rg

e
ts o

f n
a

sa
l
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sp
re

a
d

in
g

.  In
 ch

a
p

te
r 3

 I a
rg

u
e

 th
a

t tra
n

sp
a

re
n

cy o
n

ly o
ccu

rs a
s th

e
 re

su
lt o

f a
n

 o
p

a
q

u
e

co
n

stra
in

t in
te

ra
ctio

n
: o

n
e

 th
a

t a
rise

s to
 re

so
lve

 a
 co

n
flict b

e
tw

e
e

n
 fu

lly sa
tisfyin

g
 th

e
n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t a
n

d
 a

vo
id

in
g

 vio
la

tio
n

 o
f th

e
 co

n
stra

in
t a

g
a

in
st n

a
sa

lize
d

o
b

stru
e

n
ts.  In

 th
e

 re
m

a
in

d
e

r o
f th

is ch
a

p
te

r, I fo
cu

s o
n

 th
e

 a
n

a
lysis o

f th
e

 u
n

d
e

rg
o

in
g

a
n

d
 b

lo
ckin

g
 b

e
h

a
vio

r o
f se

g
m

e
n

ts

2
.2

A
nalysis of the typology

T
h

e
 typ

o
lo

g
y e

sta
b

lish
e

d
 b

y th
e

 d
a

ta
b

a
se

 co
n

firm
s th

a
t cro

ss-lin
g

u
istic va

ria
tio

n
 in

 n
a

sa
l

h
a

rm
o

n
y o

b
e

ys th
e

 im
p

lica
tio

n
a

l h
ie

ra
rch

y in
 (2

).  O
n

 th
e

 su
b

je
ct o

f tra
n

sp
a

re
n

t
se

g
m

e
n

ts it sh
o

w
s th

a
t o

b
stru

e
n

ts a
re

 th
e

 o
n

ly se
g

m
e

n
ts to

 e
ve

r b
e

h
a

ve
 tra

n
sp

a
re

n
t to

n
a

sa
l h

a
rm

o
n

y, a
n

d
 w

h
e

n
 th

e
y a

ct tra
n

sp
a

re
n

t, a
ll h

ig
h

e
r-ra

n
ke

d
 se

g
m

e
n

ts in
 th

e
h

ie
ra

rch
y u

n
d

e
rg

o
 n

a
sa

liza
tio

n
 —

 th
e

y n
e

ve
r b

lo
ck u

n
d

e
r th

e
se

 circu
m

sta
n

ce
s.  T

h
is is

e
xp

la
in

e
d

 
b

y 
tre

a
tin

g
 

d
e

scrip
tive

ly 
tra

n
sp

a
re

n
t 

se
g

m
e

n
ts 

a
s 

u
n

d
e

rg
o

e
rs 

o
f 

n
a

sa
l

sp
re

a
d

in
g

.  A
s u

n
d

e
rg

o
e

rs, th
e

y a
re

 o
n

ly e
xp

e
cte

d
 to

 b
e

 ta
rg

e
tte

d
 in

 n
a

sa
l h

a
rm

o
n

y
w

h
e

n
 a

ll h
ig

h
e

r-ra
n

ke
d

 se
g

m
e

n
ts a

re
 a

s w
e

ll.  T
h

is m
o

d
e

l o
f th

e
 typ

o
lo

g
y yie

ld
s o

n
e

 in
w

h
ich

 a
ll va

ria
n

ts g
ive

n
 b

y th
e

 im
p

lica
tio

n
a

l h
ie

ra
rch

y a
re

 a
tte

ste
d

.  In
 th

is se
ctio

n
, I

d
e

ve
lo

p
 a

n
 o

p
tim

a
lity-th

e
o

re
tic a

n
a

lysis o
f th

e
 h

ie
ra

rch
ica

l typ
o

lo
g

y.

2.2.1
T

he constraints
T

o
 ch

a
ra

cte
rize

 th
e

 b
a

sic typ
o

lo
g

y o
f n

a
sa

l h
a

rm
o

n
y, tw

o
 kin

d
s o

f co
n

stra
in

ts w
ill b

e
re

q
u

ire
d

: sp
re

a
d

in
g

 co
n

stra
in

ts a
n

d
 n

a
sa

l m
a

rke
d

n
e

ss co
n

stra
in

ts.  I b
e

g
in

 b
y e

xa
m

in
in

g
th

e
 m

a
rke

d
n

e
ss co

n
stra

in
ts, a

rg
u

in
g

 th
a

t th
e

y a
re

 a
rra

ye
d

 in
 a

 h
ie

ra
rch

y a
cco

rd
in

g
 to

 th
e

co
m

p
a

tib
ility o

f ce
rta

in
 fe

a
tu

re
 co

m
b

in
a

tio
n

s w
ith

 n
a

sa
liza

tio
n

.  I th
e

n
 g

o
 o

n
 to

 th
e

fo
rm

u
la

tio
n

 o
f th

e
 sp

re
a

d
in

g
 co

n
stra

in
t.  F

a
cto

ria
l ra

n
kin

g
 o

f th
e

 sp
re

a
d

in
g

 co
n

stra
in

t in
re

la
tio

n
 to

 th
e

 n
a

sa
l m

a
rke

d
n

e
ss h

ie
ra

rch
y w

ill d
e

rive
 th

e
 cro

ss-lin
g

u
istic va

ria
tio

n
.  I

d
e

fe
r d

iscu
ssio

n
 o

f fa
ith

 co
n

stra
in

ts u
n

til se
ctio

n
 2

.3
.

D
ra

w
in

g
 o

n
 a

 p
ro

p
o

sa
l in

itia
lly m

a
d

e
 b

y S
ch

o
u

ru
p

 (1
9

7
2

), I a
ssu

m
e

 th
a

t a
ll

va
ria

tio
n

 in
 th

e
 se

t o
f ta

rg
e

t se
g

m
e

n
ts in

 n
a

sa
l h

a
rm

o
n

y is b
a

se
d

 o
n

 th
e

 p
h

o
n

e
tica

lly-
g

ro
u

n
d

e
d

 u
n

ive
rsa

l h
a

rm
o

n
y sca

le
 o

f n
a

sa
lize

d
 se

g
m

e
n

ts in
 (1

3
), w

h
ich

 co
rre

sp
o

n
d

s to
th

e
 im

p
lica

tio
n

a
l h

ie
ra

rch
y in

 (2
).  (T

h
e

 n
o

tio
n

 o
f a

 ‘h
a

rm
o

n
y sca

le
’ is a

fte
r P

rin
ce

 a
n

d
S

m
o

le
n

sky 1
9

9
3

.  H
ie

ra
rch

ica
l (in

)co
m

p
a

tib
ility is a

lso
 d

iscu
sse

d
 in

 P
u

lle
yb

la
n

k 1
9

8
9

;
P

ig
g

o
tt 1

9
9

2
; C

o
h

n
 1

9
9

3
a

, c; P
a

d
g

e
tt 1

9
9

5
c; W

a
lke

r 1
9

9
5

.  S
e

e
 a

lso
 H

u
m

e
 a

n
d

 O
d

d
e

n
1

9
9

4
 fo

r a
 so

m
e

w
h

a
t d

iffe
re

n
t ye

t re
la

te
d

 h
ie

ra
rch

y b
a

se
d

 o
n

 im
p

e
d

e
n

ce
.)
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(13) 
N

a
sa

lize
d

 se
g

m
e

n
t h

a
rm

o
n

y sca
le

a
.

n
a

sa
l so

n
o

ra
n

t sto
p

 
f

 nasal vow
el f nasal glide f nasal liquid f

n
a

sa
l frica

tive
 f n

a
sa

l o
b

stru
e

n
t sto

p

b
.

A
 possible elaboration in featural term

s:

n
a

sa
l so

n
o

ra
n

t sto
p

 [+
n

a
s, +

so
n

, -co
n

t] 
f

 n
a

sa
l vo

w
e

l [+
n

a
s, +

a
p

p
ro

x,
-cons, +

syll] f nasal glide [+
nas, +

approx, -cons, -syll] 
f

 nasal liquid [+
nas,

+
a

p
p

ro
x, +

co
n

s] f n
a

sa
l frica

tive
 [+

n
a

s, +
co

n
t, -so

n
] 

f
 n

a
sa

l o
b

stru
e

n
t

stop [+
nas, -cont, -son]

(1
3

a
) g

ive
s th

e
 h

a
rm

o
n

y sca
le

 se
g

re
g

a
te

d
 b

y se
g

m
e

n
ta

l cla
ss.  In

 g
e

n
e

ra
l n

a
sa

l sp
re

a
d

in
g

a
p

p
e

a
rs to

 m
a

ke
 cla

ss-b
a

se
d

 d
istin

ctio
n

s in
 th

e
 se

g
m

e
n

ts it ta
rg

e
ts.  If it w

e
re

 n
e

ce
ssa

ry
to

 m
a

ke
 fin

e
r-g

ra
in

e
d

 d
istin

ctio
n

s b
y ra

n
kin

g
 n

a
sa

liza
tio

n
 o

f in
d

ivid
u

a
l se

g
m

e
n

ts, th
is

h
ie

ra
rch

y co
u

ld
 b

e
 m

a
d

e
 m

o
re

 d
e

ta
ile

d
; h

o
w

e
ve

r, th
is d

o
e

s n
o

t typ
ica

lly se
e

m
 to

 b
e

ca
lle

d
 fo

r in
 n

a
sa

l h
a

rm
o

n
y.  (1

3
b

) g
ive

s co
n

te
n

t to
 th

e
 se

g
m

e
n

ta
l cla

sse
s o

f (1
3

a
) in

fe
a

tu
ra

l te
rm

s (th
e

 p
a

rticu
la

r ch
o

ice
 o

f fe
a

tu
re

s h
e

re
 is n

o
t cru

cia
l to

 w
h

a
t fo

llo
w

s).  It is
im

p
o

rta
n

t to
 n

o
te

 th
a

t in
 (1

3
) [+

n
a

sa
l] is sim

p
ly co

m
b

in
e

d
 w

ith
 th

e
 o

th
e

r fe
a

tu
re

sp
e

cifica
tio

n
s d

e
scrib

in
g

 a
 g

ive
n

 cla
ss o

f so
u

n
d

s, fo
r e

xa
m

p
le

, a
 n

a
sa

lize
d

 liq
u

id
 w

ill b
e

[+
a

p
p

ro
xim

a
n

t] in
 th

e
 o

u
tp

u
t a

n
d

 a
 n

a
sa

lize
d

 o
b

stru
e

n
t w

ill b
e

 [-so
n

o
ra

n
t].

T
h

e
 n

a
sa

lize
d

 se
g

m
e

n
t h

ie
ra

rch
y re

fle
cts th

e
 fa

ct th
a

t a
 so

n
o

ra
n

t sto
p

 is m
o

st
co

m
p

a
tib

le
 w

ith
 n

a
sa

lity a
n

d
 is m

o
st w

id
e

ly a
tte

ste
d

 a
cro

ss in
ve

n
to

rie
s (F

e
rg

u
so

n
 1

9
6

3
,

1
9

7
5

; M
a

d
d

ie
so

n
 1

9
8

4
; P

u
lle

yb
la

n
k 1

9
8

9
; C

o
h

n
 1

9
9

3
a

).  In
 fa

ct, it is n
o

t cle
a

r w
h

e
th

e
r

so
n

o
ra

n
t sto

p
s (e

.g
. [n

]) e
ve

r o
ccu

r w
ith

o
u

t n
a

sa
liza

tio
n

 (b
u

t se
e

 P
ig

g
o

tt 1
9

9
2

 a
n

d
 R

ice
1

9
9

3
 fo

r so
m

e
 su

g
g

e
ste

d
 in

sta
n

ce
s; a

s n
o

te
d

 in
 th

e
 d

a
ta

b
a

se
, E

w
e

 m
a

y a
lso

 p
ro

vid
e

 a
ca

se
).  V

o
w

e
ls a

re
 th

e
 n

e
xt m

o
st w

id
e

ly a
tte

ste
d

 n
a

sa
l se

g
m

e
n

t a
n

d
 a

re
 th

e
 m

o
st

su
sce

p
tib

le
 to

 a
cq

u
irin

g
 n

a
sa

liza
tio

n
 in

 n
a

sa
l sp

re
a

d
in

g
.  T

h
e

 re
la

tive
 h

a
rm

o
n

y o
f

n
a

sa
lize

d
 se

g
m

e
n

ts d
e

cre
a

se
s g

ra
d

ie
n

tly th
ro

u
g

h
 th

e
 h

ie
ra

rch
y, e

n
d

in
g

 w
ith

 n
a

sa
lize

d
o

b
stru

e
n

t sto
p

s.  N
o

tice
 th

a
t a

lth
o

u
g

h
 th

e
 ra

n
kin

g
 in

 (1
3

) clo
se

ly re
se

m
b

le
s th

e
 so

n
o

rity
h

ie
ra

rch
y (se

e
 e

.g
., S

ie
ve

rs 1
8

8
1

; Je
sp

e
rse

n
 1

9
0

4
; H

o
o

p
e

r 1
9

7
2

, 1
9

7
6

; H
a

n
ka

m
e

r a
n

d
A

isse
n

 1
9

7
4

; B
a

sb
ø

ll 1
9

7
7

; S
te

ria
d

e
 1

9
8

2
; S

e
lkirk 1

9
8

4
; L

e
vin

 1
9

8
5

; Z
e

c 1
9

8
8

,
C

le
m

e
n

ts 1
9

9
0

), it cru
cia

lly d
iffe

rs in
 th

e
 ra

n
kin

g
 o

f n
a

sa
l so

n
o

ra
n

t sto
p

s, a
n

d
 th

u
s th

e
tw

o
 ca

n
n

o
t b

e
 fu

lly e
q

u
a

te
d

.  H
o

w
e

ve
r, C

o
h

n
 (1

9
9

3
a

) n
o

te
s th

a
t so

n
o

rity p
la

ys a
 ro

le
 in

d
e

te
rm

in
in

g
 th

e
 co

m
p

a
tib

ility o
f n

a
sa

liza
tio

n
 w

ith
 co

n
tin

u
a

n
ts.  A

lso
, in

 th
e

 n
a

sa
l

h
a

rm
o

n
y d

a
ta

b
a

se
 it w

a
s d

isco
ve

re
d

 th
a

t th
e

re
 ca

n
 b

e
 la

n
g

u
a

g
e

-p
a

rticu
la

r va
ria

b
ility in

th
e

 ra
n

kin
g

 o
f vo

ice
d

 sto
p

s a
n

d
 vo

ice
le

ss frica
tive

s w
h

ich
 se

e
m

s to
 co

rre
sp

o
n

d
 to
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va
ria

b
ility in

 th
e

 so
n

o
rity h

ie
ra

rch
y (th

is w
ill b

e
 d

iscu
sse

d
 in

 se
ctio

n
 2

.4
).  I su

g
g

e
st th

a
t

th
is sim

ila
rity ste

m
s fro

m
 b

o
th

 th
e

 so
n

o
rity h

ie
ra

rch
y a

n
d

 th
e

 n
a

sa
liza

tio
n

 h
ie

ra
rch

y
h

a
vin

g
 a

n
 o

ve
rla

p
p

in
g

 b
a

sis in
 p

e
rce

p
tib

ility.  In
 th

e
 ca

se
 o

f so
n

o
rity, th

e
 b

a
sis o

f
p

e
rce

p
tib

ility is so
m

e
th

in
g

 like
 a

co
u

stic in
te

n
sity.  F

o
r th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y th

e
sca

le
 re

fle
cts n

a
sa

l p
e

rce
p

tib
ility (in

 a
d

d
itio

n
 to

 a
rticu

la
to

ry co
m

p
a

tib
ility, a

s n
o

te
d

b
e

lo
w

).  A
 n

a
sa

l sto
p

 w
ill b

e
 th

e
 b

e
st se

g
m

e
n

t in
 co

n
ve

yin
g

 p
e

rce
p

tib
le

 n
a

sa
liza

tio
n

,
sin

ce
 th

e
 a

co
u

stic p
ro

p
e

rtie
s o

f a
 n

a
sa

l sto
p

 ste
m

 so
le

ly fro
m

 n
a

sa
l a

irflo
w

.  F
o

r
co

n
tin

u
a

n
t se

g
m

e
n

ts, n
a

sa
l a

irflo
w

 is co
m

b
in

e
d

 w
ith

 o
ra

l a
irflo

w
.  H

e
re

 it se
e

m
s th

a
t

p
e

rce
p

tib
ility o

f n
a

sa
lity is e

n
h

a
n

ce
d

 b
y g

re
a

te
r so

n
o

rity, h
e

n
ce

 th
e

 o
ve

rla
p

 in
 th

e
 tw

o
hierarchies.

O
ve

ra
ll, it is b

o
th

 a
rticu

la
to

ry/a
e

ro
d

yn
a

m
ic a

n
d

 a
co

u
stic/p

e
rce

p
tu

a
l fa

cto
rs th

a
t

co
n

trib
u

te
 to

 th
e

 b
a

sis fo
r th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y, a

s n
o

te
d

 b
y C

o
h

n
 (1

9
9

3
a

).  F
o

r
e

xa
m

p
le

, it is d
ifficu

lt to
 p

ro
d

u
ce

 a
n

 a
u

d
ib

ly n
a

sa
lize

d
 frica

tive
 b

e
ca

u
se

 su
ch

 a
 so

u
n

d
se

g
m

e
n

t h
a

s a
rticu

la
to

ry/a
e

ro
d

yn
a

m
ic a

n
d

 a
co

u
stic/p

e
rce

p
tu

a
l d

e
m

a
n

d
s th

a
t a

re
 h

a
rd

 to
sa

tisfy a
t th

e
 sa

m
e

 tim
e

.  T
h

e
 n

a
sa

l p
ro

p
e

rty re
q

u
ire

s th
a

t th
e

 se
g

m
e

n
t b

e
 p

ro
d

u
ce

d
 w

ith
a

 lo
w

e
re

d
 ve

lu
m

, a
n

d
 n

a
sa

l a
irflo

w
 u

n
d

e
rm

in
e

s th
e

 n
e

e
d

e
d

 b
u

ild
-u

p
 o

f p
re

ssu
re

 b
e

h
in

d
th

e
 o

ra
l co

n
strictio

n
 to

 p
ro

d
u

ce
 frica

tio
n

 (O
h

a
la

 a
n

d
 O

h
a

la
 1

9
9

3
; C

o
h

n
 1

9
9

3
a

; O
h

a
la

,
S

o
lé

, a
n

d
 Y

in
g

 1
9

9
8

).  A
s a

 co
n

se
q

u
e

n
ce

, p
e

rce
p

tib
le

 a
ch

ie
ve

m
e

n
t o

f e
ith

e
r n

a
sa

lity o
r

frica
tio

n
 g

e
n

e
ra

lly su
ffe

rs in
 th

e
 p

ro
d

u
ctio

n
 o

f n
a

sa
lize

d
 frica

tive
s.  In

 a
 n

a
sa

l a
irflo

w
stu

d
y o

f C
o

a
tzo

sp
a

n
 M

ixte
c, G

e
rfe

n
 (1

9
9

6
) fin

d
s th

a
t n

a
sa

l a
irflo

w
 ca

n
 b

e
 m

a
in

ta
in

e
d

d
u

rin
g

 a
 vo

ice
le

ss co
ro

n
a

l frica
tive

 w
ith

 stro
n

g
ly a

u
d

ib
le

 frica
tio

n
, b

u
t th

e
 a

co
u

stic cu
e

s
fo

r n
a

sa
liza

tio
n

 a
re

 w
e

a
k —

 th
e

 frica
tive

 is typ
ica

lly p
e

rce
ive

d
 a

s o
ra

l.  O
n

 th
e

 o
th

e
r

h
a

n
d

, n
a

sa
lize

d
 vo

ice
d

 frica
tive

s in
 G

u
a

ra
n

í a
re

 p
ro

d
u

ce
d

 w
ith

 cle
a

rly p
e

rce
p

tib
le

n
a

sa
liza

tio
n

 b
u

t th
e

y lo
se

 a
u

d
ib

le
 frica

tio
n

: G
re

g
o

re
s a

n
d

 S
u

á
re

z d
e

scrib
e

 /
v
), ƒ

), ƒ
)W

/ a
s

‘nasalized frictionless spirants’ (1967: 81-2).
W

ith
 th

e
 h

a
rm

o
n

y sca
le

 in
 (1

3
), w

e
 ca

n
 e

xp
la

in
 th

e
 va

ria
tio

n
 in

 n
a

sa
l h

a
rm

o
n

y a
s

va
ria

b
ility in

 w
h

e
re

 la
n

g
u

a
g

e
s m

a
ke

 th
e

 cu
t b

e
tw

e
e

n
 se

g
m

e
n

ts th
a

t a
re

 su
fficie

n
tly

co
m

p
a

tib
le

 w
ith

 [+
n

a
sa

l] to
 b

e
 u

n
d

e
rg

o
e

rs a
n

d
 th

o
se

 th
a

t a
re

 n
o

t.  S
in

ce
 O

p
tim

a
lity

T
h

e
o

ry is b
a

se
d

 o
n

 th
e

 n
o

tio
n

 o
f ra

n
ke

d
 a

n
d

 vio
la

b
le

 co
n

stra
in

ts, it is w
e

ll-su
ite

d
 to

ca
p

tu
rin

g
 th

is in
sig

h
t (P

rin
ce

 a
n

d
 S

m
o

le
n

sky 1
9

9
3

, M
cC

a
rth

y a
n

d
 P

rin
ce

 1
9

9
3

a
).  T

o
im

p
le

m
e

n
t th

is id
e

a
 in

 O
p

tim
a

lity T
h

e
o

ry, w
e

 m
u

st re
ca

st th
e

 ra
n

kin
g

 o
f n

a
sa

l
(in)com

patibility in term
s of the nasalized segm

ent constraint hierarchy in (14), w
here the

le
ss co

m
p

a
tib

le
 a

 se
g

m
e

n
t is w

ith
 n

a
sa

lity, th
e

 h
ig

h
e

r ra
n

ke
d

 th
e

 co
n

stra
in

t a
g

a
in

st it
(fo

llo
w

in
g

 W
a

lke
r 1

9
9

5
; se

e
 P

rin
ce

 a
n

d
 S

m
o

le
n

sky 1
9

9
3

 fo
r sim

ila
r d

e
riva

tio
n

s o
f

co
n

stra
in

t 
h

ie
ra

rch
ie

s 
fro

m
 

h
a

rm
o

n
y 

sca
le

s). 
 

T
h

e
 

a
p

p
ro

a
ch

 
o

f 
u

sin
g

 
fe

a
tu

re
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co
o

ccu
rre

n
ce

 co
n

stra
in

ts to
 a

ch
ie

ve
 se

g
m

e
n

ta
l b

lo
ckin

g
 is o

n
e

 th
a

t b
u

ild
s o

n
 p

re
vio

u
s

w
ork by K

iparsky (1985), P
ullyblank (1989), and A

rchangeli and P
ulleyblank (1994).

(14)
N

a
sa

lize
d

 se
g

m
e

n
t co

n
stra

in
t h

ie
ra

rch
y:

a.
*N

A
S

O
B

SS
T

O
P

 »
 *N

A
S

F
R

IC
A

T
IV

E
 »

 *N
A

S
L

IQ
U

ID
 »

 *N
A

S
G

L
ID

E
 »

*N
A

SV
O

W
E

L » *N
A

SS
O

N
S

T
O

P

b
.

A
 possible elaboration in featural term

s:

*N
A

SO
B

SS
T

O
P: * [+

nas, -cont, -son] » *NA
SF

R
IC

A
T

IV
E

:*[+
nas, +

cont,
-son] » *N

A
S

L
IQ

U
ID

: *[+
nas, +

approx, +
cons] » *NA

S
G

LID
E

: *[+
nas,

+
approx, -cons, -syll] » *NA

SV
O

W
E

L: *[+
nas, +

approx, -cons, +
syll] »

*N
A

S
S

O
N

S
T

O
P: *[+

nas, +
son, -cont]

T
h

e
 fe

a
tu

re
 co

o
ccu

rre
n

ce
 co

n
stra

in
ts in

 th
is h

ie
ra

rch
y m

a
y b

e
 sta

te
d

 in
 te

rm
s o

f fe
a

tu
re

s,
a

s in
 (1

4
b

), b
u

t I w
ill re

fe
r to

 th
e

 ca
te

g
o

rie
s in

 (1
4

a
) fo

r e
a

se
 o

f e
xp

o
sitio

n
.  T

h
u

s,
*N

A
S

F
R

IC
A

T
IV

E
, fo

r e
xa

m
p

le
, re

fe
rs to

 th
e

 co
n

stra
in

t p
ro

h
ib

itin
g

 th
e

 co
m

b
in

a
tio

n
 o

f
fe

a
tu

re
s: [+

n
a

sa
l, +

co
n

tin
u

a
n

t, -so
n

o
ra

n
t].  S

u
ch

 co
n

stra
in

ts co
u

ld
 b

e
 d

e
rive

d
 b

y
co

n
ju

n
ctio

n
 

o
f 

m
a

rke
d

n
e

ss 
co

n
stra

in
ts 

a
g

a
in

st 
in

d
ivid

u
a

l 
fe

a
tu

re
s, 

i.e
.

*[+
n

a
s]&

[+
co

n
t]&

[-so
n

] (co
n

ju
n

ctio
n

 a
fte

r S
m

o
le

n
sky 1

9
9

5
, 1

9
9

7
), a

lth
o

u
g

h
 co

n
stra

in
t

co
n

ju
n

ctio
n

 n
e

e
d

 n
o

t b
e

 cru
cia

lly a
ssu

m
e

d
 h

e
re

.  In
 se

ctio
n

 2
.4

 it w
ill b

e
 n

o
te

d
 th

a
t

th
e

re
 m

a
y n

e
e

d
 to

 b
e

 so
m

e
 lim

ite
d

 va
ria

b
ility in

 th
e

 ra
n

kin
g

 a
m

o
n

g
st co

n
stra

in
ts a

g
a

in
st

n
a

sa
lize

d
 o

b
stru

e
n

ts.
T

h
e

 n
a

sa
lize

d
 se

g
m

e
n

t co
n

stra
in

ts w
ill co

n
flict w

ith
 th

e
 co

n
stra

in
t d

rivin
g

 th
e

sp
re

a
d

 o
f [+

n
a

sa
l].  In

 a
u

to
se

g
m

e
n

ta
l re

p
re

se
n

ta
tio

n
s it is g

e
n

e
ra

lly a
ssu

m
e

d
 th

a
t

sp
re

a
d

in
g

 p
ro

d
u

ce
s a

n
 o

u
tco

m
e

 in
 w

h
ich

 a
 fe

a
tu

re
 is 

m
u

ltip
ly-lin

ke
d a

cro
ss a

 sp
a

n
 o

f
se

g
m

e
n

ts, a
s sch

e
m

a
tica

lly illu
stra

te
d

 in
 (1

5
).  Im

p
o

rta
n

tly, sp
re

a
d

in
g

 d
o

e
s n

o
t p

ro
d

u
ce

co
p

yin
g o

f a
 fe

a
tu

re
 sp

e
cifica

tio
n

 o
n

to
 n

e
ig

h
b

o
rin

g
 se

g
m

e
n

ts, p
ro

d
u

cin
g

 se
p

a
ra

te
o

ccu
rre

n
ce

s o
f th

e
 fe

a
tu

re
 sp

e
cifica

tio
n

, a
s sh

o
w

n
 in

 (1
6

).  T
h

e
 o

u
tp

u
t re

p
re

se
n

ta
tio

n
 in

(16) is also to be avoided on the basis of O
C

P
 violations.
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(15)
T

he m
ultiply-linked outcom

e of feature spreading:

In
p

u
t

S
1  S

2  S
3

 |
         [+

F
]

O
u

tp
u

t         S1  S
2  S

3
 \   |   /

             [+
F

]

(16)
F

e
a

tu
re

 sp
re

a
d

in
g

 is n
o

t sa
tisfie

d
 b

y fe
a

tu
re

 co
p

yin
g

:

In
p

u
t

S
1  S

2  S
3

 |
         [+

F
]

* O
utput       S

1   S
2   S

3
S

p
re

a
d

in
g

 h
a

s fa
ile

d
 fo

r e
a

ch
 fe

a
tu

re
 o

ccu
rre

n
ce

|      |      |
       [+

F
] [+

F
] [+

F
]

T
o

 a
ch

ie
ve

 th
e

 m
u

ltip
ly-lin

ke
d

 o
u

tco
m

e
 o

f sp
re

a
d

in
g

, th
e

 sp
re

a
d

in
g

 co
n

stra
in

t
n

e
e

d
s to

 m
a

ke
 re

fe
re

n
ce

 n
o

t ju
st to

 fe
a

tu
re

 sp
e

cifica
tio

n
s b

u
t to

 in
d

ivid
u

a
l 

o
ccu

rre
n

ce
s

o
f fe

a
tu

re
 sp

e
cifica

tio
n

s.  T
h

e
 o

u
tp

u
t in

 (1
5

) h
a

s o
n

e
 o

ccu
rre

n
ce

 o
f th

e
 fe

a
tu

re
sp

e
cifica

tio
n

 [+
F

], w
h

ile
 th

e
 o

u
tp

u
t in

 (1
6

) h
a

s th
re

e
 o

ccu
rre

n
ce

s o
f [+

F
].  T

h
e

 sp
re

a
d

in
g

co
n

stra
in

t m
u

st d
e

m
a

n
d

 th
a

t e
a

ch
 fe

a
tu

re
 o

ccu
rre

n
ce

 b
e

 lin
ke

d
 to

 e
ve

ry se
g

m
e

n
t in

so
m

e
 d

o
m

a
in

, su
ch

 a
s th

e
 m

o
rp

h
e

m
e

 o
r P

w
d

 (P
a

d
g

e
tt 1

9
9

5
b

 p
ro

p
o

se
s a

 co
n

stra
in

t
m

o
d

e
lle

d
 a

lo
n

g
 th

e
se

 lin
e

s).  T
h

is d
istin

g
u

ish
e

s th
e

 re
q

u
ire

d
 o

u
tco

m
e

 in
 (1

5
) fro

m
 th

e
u

n
d

e
sire

d
 o

n
e

 in
 (1

6
).  I p

ro
p

o
se

 to
 fo

rm
u

la
te

 th
e

 g
e

n
e

ra
l sp

re
a

d
in

g
 co

n
stra

in
t a

s in
(17). 6

(17)
SP

R
E

A
D([F

], D
)

L
e

t f b
e

 a
 va

ria
b

le
 ra

n
g

in
g

 o
ve

r o
ccu

rre
n

ce
s o

f th
e

 fe
a

tu
re

 sp
e

cifica
tio

n
 F

, a
n

d
 S

be the ordered set of segm
ents s

1 ...sk  in a dom
ain D

.  Let A
ssoc(f, s

i ) m
ean that f is

associated to si , w
here si ∈

S
.

T
hen SP

R
E

A
D([F

], D
) holds iff

i.
(∀

si ∈
S

) [[∃f (A
ssoc(f, si ))] →

 [(∀
sj ∈

S
) [A

ssoc(f, sj )]]].
ii.

F
or each feature occurrence f associated to som

e segm
ent in D

, a violation
is incurred for every sj ∈

S
 for w

hich (i) is false.

6  I a
m

 g
ra

te
fu

l to
 G

e
o

ff P
u

llu
m

 fo
r su

g
g

e
stio

n
s co

n
ce

rn
in

g
 th

e
 fo

rm
a

l sta
te

m
e

n
t o

f th
is co

n
stra

in
t.
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T
h

e
 sp

re
a

d
in

g
 co

n
stra

in
t in

 (1
7

) e
xp

re
sse

s th
e

 re
q

u
ire

m
e

n
t th

a
t fo

r a
n

y se
g

m
e

n
t lin

ke
d

to
 a

n
 o

ccu
rre

n
ce

 o
f a

 fe
a

tu
re

 sp
e

cifica
tio

n
 F

 in
 so

m
e

 d
o

m
a

in
 D

, it m
u

st b
e

 th
e

 ca
se

 th
a

t
a

ll o
th

e
r se

g
m

e
n

ts in
 D

 a
re

 a
lso

 lin
ke

d
 to

 th
e

 sa
m

e
 o

ccu
rre

n
ce

 o
f F

.  T
h

is co
n

stra
in

t is
sa

tisfie
d

 in
 th

e
 o

u
tp

u
t o

f (1
5

) b
u

t is vio
la

te
d

 in
 (1

6
).  T

h
e

 sta
te

m
e

n
t in

 p
a

rt (ii) o
f th

e
co

n
stra

in
t d

e
fin

e
s h

o
w

 vio
la

tio
n

s a
re

 to
 b

e
 ta

llie
d

 (fo
llo

w
in

g
 Z

o
ll 1

9
9

6
).  F

o
r e

ve
ry

o
ccu

rre
n

ce
 o

f F
, a

 vio
la

tio
n

 is re
cko

n
e

d
 fo

r e
a

ch
 se

g
m

e
n

t to
 w

h
ich

 th
a

t o
ccu

rre
n

ce
 is

n
o

t lin
ke

d
.  In

 (1
6

), a
 to

ta
l o

f six vio
la

tio
n

s a
re

 a
ccru

e
d

 w
ith

 re
sp

e
ct to

 sp
re

a
d

in
g

; e
a

ch
o

f th
e

 th
re

e
 fe

a
tu

re
 o

ccu
rre

n
ce

s in
 th

e
 o

u
tp

u
t in

cu
rs tw

o
 vio

la
tio

n
s, o

n
e

 fo
r e

a
ch

se
g

m
e

n
t to

 w
h

ich
 a

 g
ive

n
 fe

a
tu

re
 o

ccu
rre

n
ce

 is n
o

t lin
ke

d
.  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t so

m
e

a
n

a
lysts h

a
ve

 fo
rm

u
la

te
d

 fe
a

tu
re

 sp
re

a
d

in
g

 co
n

stra
in

ts in
 te

rm
s o

f g
e

n
e

ra
lize

d
 a

lig
n

m
e

n
t

co
n

stra
in

ts (p
ro

p
o

se
d

 b
y K

irch
n

e
r 1

9
9

3
 w

ith
 a

p
p

lica
tio

n
s b

y P
u

lle
yb

la
n

k 1
9

9
3

, 1
9

9
6

;
A

kin
la

b
i 1

9
9

6
, to

 a
p

p
e

a
r; Itô

 a
n

d
 M

e
ste

r 1
9

9
4

; C
o

le
 a

n
d

 K
isse

b
e

rth
 1

9
9

4
, 1

9
9

5
; W

a
lke

r
1

9
9

5
; B

e
ckm

a
n

 1
9

9
8

; cf. R
in

g
e

n
 a

n
d

 V
a

g
o

 1
9

9
7

).  T
h

is is a
n

 a
lte

rn
a

tive
 w

a
y o

f
fo

rm
u

la
tin

g
 fe

a
tu

re
 sp

re
a

d
in

g
 a

n
d

 fo
r n

a
sa

l h
a

rm
o

n
y w

o
u

ld
 n

o
t b

e
 cru

cia
lly d

iffe
re

n
t

fro
m

 u
se

 o
f th

e
 sp

re
a

d
in

g
 co

n
stra

in
t e

xp
re

sse
d

 a
b

o
ve

 a
n

d
 in

 w
h

a
t fo

llo
w

s.
T

h
e

 sp
e

cific kin
d

 o
f fe

a
tu

re
 sp

re
a

d
in

g
 w

e
 a

re
 co

n
ce

rn
e

d
 w

ith
 is sp

re
a

d
in

g
 o

f th
e

fe
a

tu
re

 sp
e

cifica
tio

n
, [+

n
a

sa
l].  A

n
 e

xa
m

p
le

 o
f a

 n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
t is g

ive
n

 in
(18).  T

his constraint is form
ulated to spread nasal w

ithin the dom
ain of the m

orphem
e, a

sp
re

a
d

in
g

 co
n

stra
in

t n
e

e
d

e
d

 to
 o

b
ta

in
 n

a
sa

liza
tio

n
 in

 m
o

rp
h

e
m

e
s in

 T
u

yu
ca

.

(18)
S P

R
E

A
D([+

nasal], M
)

L
e

t n
 b

e
 a

 va
ria

b
le

 ra
n

g
in

g
 o

ve
r o

ccu
rre

n
ce

s o
f th

e
 fe

a
tu

re
 sp

e
cifica

tio
n

 [+
n

a
sa

l],
and S

 consist of the ordered set of segm
ents s
1 ...sk  in a m

orphem
e M

.  Let
A

ssoc(n, si ) m
ean that n is associated to s

i , w
here si ∈

S
.

T
hen S P

R
E

A
D([+

nasal], M
) holds iff

i.
(∀

si ∈
S

) [[∃n (A
ssoc(n, si )] →

 [(∀
sj ∈

S
) [A

ssoc(n, sj )]]].
ii.

F
o

r e
a

ch
 fe

a
tu

re
 o

ccu
rre

n
ce

 n
 a

sso
cia

te
d

 to
 so

m
e

 se
g

m
e

n
t in

 M
, a

 vio
la

tio
n

is incurred for every sj ∈
S

 for w
hich (i) is false.

S
P

R
E

A
D([+

n
a

sa
l], M

) re
q

u
ire

s th
a

t e
ve

ry o
ccu

rre
n

ce
 o

f a
 [+

n
a

sa
l] fe

a
tu

re
 o

n
 a

 se
g

m
e

n
t

in
 a

 m
o

rp
h

e
m

e
 b

e
 lin

ke
d

 to
 a

ll se
g

m
e

n
ts in

 th
a

t m
o

rp
h

e
m

e
.  It sa

ys n
o

th
in

g
 a

b
o

u
t fe

a
tu

re
o

ccu
rre

n
ce

s o
n

 se
g

m
e

n
ts b

e
lo

n
g

in
g

 to
 se

p
a

ra
te

 m
o

rp
h

e
m

e
s.  W

ith
in

 a
 m

o
rp

h
e

m
e

co
n

ta
in

in
g

 a
 n

a
sa

l se
g

m
e

n
t, vio

la
tio

n
s w

ith
 re

sp
e

ct to
 sp

re
a

d
in

g
 w

ill b
e

 in
cu

rre
d

 fo
r

e
ve

ry o
ra

l se
g

m
e

n
t in

 th
e

 o
u

tp
u

t.



- 39 -

T
h

e
 fo

rm
u

la
tio

n
 o

f th
e

 sp
re

a
d

in
g

 co
n

stra
in

t so
 fa

r in
co

rp
o

ra
te

s n
o

th
in

g
 e

xp
licit

a
b

o
u

t th
e

 d
ire

ctio
n

 o
f sp

re
a

d
in

g
.  F

o
r th

e
 b

id
ire

ctio
n

a
l sp

re
a

d
in

g
 o

f [+
n

a
sa

l] in
 T

u
yu

ca
m

o
rp

h
e

m
e

s, th
is is su

fficie
n

t; th
e

 fo
rm

u
la

tio
n

 o
f sp

re
a

d
in

g
 in

 (1
8

) co
rre

ctly ta
rg

e
ts e

ve
ry

se
g

m
e

n
t in

 th
e

 m
o

rp
h

e
m

e
.  F

u
rth

e
r, a

s n
o

te
d

 b
y S

te
ria

d
e

 (1
9

9
5

a
), P

a
d

g
e

tt (1
9

9
5

b
), a

n
d

B
e

ckm
a

n
 (1

9
9

5
, 1

9
9

7
, 1

9
9

8
), in

 m
a

n
y in

sta
n

ce
s o

f sp
re

a
d

in
g

 w
h

ich
 a

p
p

e
a

r to
 b

e
u

n
id

ire
ctio

n
a

l, th
e

 d
ire

ctio
n

 o
f sp

re
a

d
in

g
 ca

n
 b

e
 d

e
rive

d
 b

y ca
llin

g
 o

n
 co

n
stra

in
ts

encoding positional prom
inence.  T

his is the case, for exam
ple, in m

ost system
s of vow

el
h

a
rm

o
n

y, w
h

e
re

 a
 fe

a
tu

re
 sp

re
a

d
s fro

m
 a

 p
e

rip
h

e
ra

l sylla
b

le
 in

 th
e

 w
o

rd
.  H

o
w

e
ve

r, in
so

m
e

 p
a

tte
rn

s o
f n

a
sa

l sp
re

a
d

in
g

 it is n
e

ce
ssa

ry to
 in

co
rp

o
ra

te
 d

ire
ctio

n
a

lity in
to

 th
e

sp
re

a
d

in
g

 co
n

stra
in

t, so
 it a

p
p

e
a

rs th
a

t p
o

sitio
n

a
l p

ro
m

in
e

n
ce

 d
o

e
s n

o
t a

lw
a

ys p
la

y a
ro

le
 in

 d
e

te
rm

in
in

g
 th

e
 d

ire
ctio

n
 o

f sp
re

a
d

in
g

.  E
xa

m
p

le
s o

ccu
r in

 th
e

 n
a

sa
l h

a
rm

o
n

y o
f

S
u

n
d

a
n

e
se

, M
a

la
y, a

n
d

 Ijo
 (e

xh
ib

ite
d

 in
 se

ctio
n

 2
.1

), w
h

e
re

 n
a

sa
lity sp

re
a

d
s in

 a
 sp

e
cific

d
ire

ctio
n

 fro
m

 a
 n

a
sa

l se
g

m
e

n
t a

n
yw

h
e

re
 in

 th
e

 w
o

rd
.  T

h
e

 n
e

e
d

 fo
r m

a
kin

g
 re

fe
re

n
ce

 to
th

e
 d

ire
ctio

n
 o

f sp
re

a
d

in
g

 is p
a

rticu
la

rly cle
a

r fro
m

 co
m

p
a

riso
n

 o
f th

e
 n

a
sa

liza
tio

n
p

a
tte

rn
s in

 M
a

la
y a

n
d

 C
a

p
a

n
a

h
u

a
 (P

a
n

o
a

n
, P

e
ru

; L
o

o
s 1

9
6

9
), w

h
ich

 ta
rg

e
t th

e
 sa

m
e

g
ro

u
p

s o
f se

g
m

e
n

ts b
u

t d
iffe

r in
 d

ire
ctio

n
a

lity.  In
 (4

), w
e

 sa
w

 th
a

t n
a

sa
liza

tio
n

 in
 M

a
la

y
sp

re
a

d
s p

ro
g

re
ssive

ly fro
m

 a
 n

a
sa

l sto
p

 to
 vo

w
e

ls, g
lid

e
s, a

n
d

 g
lo

tta
ls.  C

a
p

a
n

a
h

u
a

n
a

sa
liza

tio
n

 p
e

rm
e

a
te

s th
e

 sa
m

e
 se

t o
f se

g
m

e
n

ts, b
u

t th
e

 d
ire

ctio
n

 is re
g

re
ssive

 fro
m

 a
nasal stop, w

hether from
 a syllable onset or a syllable coda.  E

xam
ples are given in (19).

7

(19)
C

a
p

a
n

a
h

u
a

a.
/ )o

)n
a
)m

p
a
)n

‘I w
ill learn’

b
.

p
o
)j ‚a

)n
‘a

rm
’

c.
b
a
)w

)i ‚n
‘ca

tfish
’

d
.

w
a
ra

)n
‘sq

u
a

sh
e.

b
i ‚m

µ
‘fru

it’
f.

tÉSip
o
)N
k
i

‘d
o

w
n

rive
r’

g
.

k
a
ja

ta
)n
a
i/

‘I w
e

n
t a

n
d

 ju
m

p
e

d
’

h
.

k
µ

)n
tÉSa

p
‘b

o
w

l’

7  W
o

rd
-fin

a
l n

a
sa

ls in
 C

a
p

a
n

a
h

u
a

 a
re

 d
e

le
te

d
 b

u
t still trig

g
e

r n
a

sa
l sp

re
a

d
in

g
, so

 I h
a

ve
 sh

o
w

n
 th

e
m

in
 th

e
 tra

n
scrip

tio
n

 h
e

re
.  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t C

a
p

a
n

a
h

u
a

 a
lso

 d
e

le
te

s n
a

sa
ls in

 clu
ste

rs co
n

ta
in

in
g

a
 co

n
tin

u
a

n
t co

n
so

n
a

n
t, in

 w
h

ich
 ca

se
 it trig

g
e

rs b
id

ire
ctio

n
a

l sp
re

a
d

in
g

.  F
o

r a
n

a
lysis o

f th
is

in
te

re
stin

g
 p

h
e

n
o

m
e

n
o

n
, se

e
 L

o
o

s (1
9

6
9

) a
n

d
 T

rig
o

 (1
9

8
8

).
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T
o

 o
b

ta
in

 th
e

 d
iffe

re
n

t d
ire

ctio
n

 o
f sp

re
a

d
in

g
 in

 la
n

g
u

a
g

e
s like

 M
a

la
y a

n
d

C
a

p
a

n
a

h
u

a
, it m

u
st b

e
 p

o
ssib

le
 to

 e
n

co
d

e
 d

ire
ctio

n
a

lity in
 th

e
 sp

re
a

d
in

g
 co

n
stra

in
t.  I

p
ro

p
o

se
 to

 fo
rm

u
la

te
 d

ire
ctio

n
a

l sp
re

a
d

in
g

 a
s in

 (2
0

).

(2
0

)
S P

R
E

A
D-L/R

([F
], D

)
Let f be a variable ranging over occurrences of a feature specification F

, and S
 be

the ordered set of segm
ents s

1 ...sk  in a dom
ain D

.  Let A
ssoc(f, s

i ) m
ean that f is

a
sso

cia
te

d
 to

 si , w
h

e
re

 si ∈
S

.

S
P

R
E

A
D-R

([F
], D

) holds iff
i.

(∀
si ∈

S
) [[∃f (A

ssoc(f, si ))] →
 [(∀

sj ∈
S

) [j>
i →

 (A
ssoc(f, sj ))]]]

w
here 1 ≤ i, j, ≤ k.

ii.
F

or each feature occurrence f associated to som
e segm

ent in D
, a violation

is incurred for every sj ∈
S

 for w
hich (i) is false.

S
P

R
E

A
D-L([F

], D
) holds iff

iii.
(∀

si ∈
S

) [[∃f (A
ssoc(f, si ))] →

 [(∀
sj ∈

S
) [j<

i →
 (A

ssoc(f, sj ))]]]
w

here 1 ≤ i, j, ≤ k.
iv.

F
or each feature occurrence f associated to som

e segm
ent in D

, a violation
is incurred for every sj ∈

S
 for w

hich (iii) is false.

T
he form

ulation of spreading in (20) adds directionality by m
aking reference to the place

o
f a

 se
g

m
e

n
t w

ith
in

 th
e

 se
q

u
e

n
ce

 o
f se

g
m

e
n

ts in
 th

e
 d

o
m

a
in

.  F
o

r a
n

y o
ccu

rre
n

ce
 o

f a
fe

a
tu

re
 sp

e
cifica

tio
n

 f lin
ke

d
 to

 a
 se

g
m

e
n

t s
i , SP

R
E

A
D

-R
 re

q
u

ire
s th

a
t th

e
 fe

a
tu

re
sp

e
cifica

tio
n

 o
ccu

rre
n

ce
 b

e
 lin

ke
d

 to
 a

n
y se

g
m

e
n

t s
j  w

h
ich

 co
m

e
s afte

r si  in
 th

e
se

q
u

e
n

ce
 o

f se
g

m
e

n
ts in

 th
e

 d
o

m
a

in
 D

.  F
o

r s
j  to

 su
cce

e
d

 si  in
 th

e
 se

q
u

e
n

ce
, j m

u
st b

e
g

re
a

te
r th

a
n

 i.  SP
R

E
A

D
-L

 e
xp

re
sse

s a
 sim

ila
r d

e
m

a
n

d
 b

u
t re

q
u

ire
s th

a
t a

 fe
a

tu
re

o
ccu

rre
n

ce
 o

n
 si  b

e
 lin

ke
d

 to
 a

n
y sj  co

m
in

g
 b

e
fo

re si  in
 th

e
 se

q
u

e
n

ce
.

(2
1

) g
ive

s th
e

 fo
rm

u
la

tio
n

 o
f th

e
 rig

h
tw

a
rd

 n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
t th

a
t w

ill b
e

required for M
alay.

(21)
S

pread-R
([+

nasal], P
w

d)
L

e
t n

 b
e

 a
 va

ria
b

le
 ra

n
g

in
g

 o
ve

r o
ccu

rre
n

ce
s o

f th
e

 fe
a

tu
re

 sp
e

cifica
tio

n
 [+

n
a

sa
l],

a
n

d
 S

 co
n

sist o
f th

e
 se

q
u

e
n

ce
 o

f se
g

m
e

n
ts s

1 ...sk  in
 th

e
 p

ro
so

d
ic w

o
rd

 P
.  L

e
t

A
ssoc(n, si ) m

ean that n is associated to s
i , w

here si ∈
S

.
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T
hen SP

R
E

A
D-R

([+
nasal], P

w
d) holds iff

i.
(∀

si ∈
S

) [[∃n (A
ssoc(n, si ))] →

 [(∀
sj ∈

S
) [j>

i →
 (A

ssoc(n, sj ))]]]
w

here 1 ≤ i, j, ≤ k.
ii.

F
or each feature occurrence n associated to som

e segm
ent in P

, a violation
is incurred for every sj ∈

S
 for w

hich (i) is false.

L
e

t u
s co

n
sid

e
r th

e
 e

va
lu

a
tio

n
 o

f th
e

 re
p

re
se

n
ta

tio
n

s in
 (2

2
) in

 re
la

tio
n

 to
 th

is co
n

stra
in

t.
T

h
e

 stru
ctu

re
s in

 (a
) a

n
d

 (b
) e

a
ch

 p
e

rfe
ctly sa

tisfy S
P

R
E

A
D-R

, b
e

ca
u

se
 fo

r a
n

y se
g

m
e

n
t

lin
ke

d
 to

 [+
n

a
sa

l], a
ll se

g
m

e
n

ts to
 th

e
 rig

h
t o

f it a
re

 a
lso

 lin
ke

d
 to

 th
a

t sa
m

e
 o

ccu
rre

n
ce

o
f th

e
 [+

n
a

sa
l] fe

a
tu

re
 sp

e
cifica

tio
n

.  O
n

 th
e

 o
th

e
r h

a
n

d
, (c) in

cu
rs o

n
e

 vio
la

tio
n

 w
ith

respect to S P
R

E
A

D-R
, because one segm

ent to the right of S
2  is not linked to [+

nasal].

(2
2

)
a

.
S1  S

2  S
3

b
.

S
1  S

2  S
3

c.
S

1  S
2  S

3
      

   \   |   /
       \   /

       |
   [+

N
]

      [+
N

]
     [+

N
]

In
 ca

se
s o

f sp
re

a
d

in
g

 w
h

e
re

 d
ire

ctio
n

a
lity n

e
e

d
 n

o
t b

e
 sta

te
d

 in
 th

e
 co

n
stra

in
t, I w

ill
co

n
tin

u
e

 to
 u

se
 a

 sim
p

le
r fo

rm
u

la
tio

n
 like

 th
a

t in
 (1

7
).  A

lte
rn

a
tive

ly, th
is kin

d
 o

f
sp

re
a

d
in

g
 co

u
ld

 b
e

 ca
p

tu
re

d
 w

ith
 tw

o
 co

n
stra

in
ts, o

n
e

 sp
re

a
d

in
g

 to
 th

e
 le

ft a
n

d
 th

e
o

th
e

r to
 th

e
 rig

h
t.

In
te

ra
ctio

n
 o

f n
a

sa
l sp

re
a

d
in

g
 co

n
stra

in
ts a

n
d

 th
e

 n
a

sa
lize

d
 se

g
m

e
n

t co
n

stra
in

t
h

ie
ra

rch
y w

ill d
e

rive
 th

e
 h

ie
ra

rch
ica

l va
ria

tio
n

 in
 th

e
 typ

o
lo

g
y o

f n
a

sa
l h

a
rm

o
n

y.  T
h

e
sp

re
a

d
in

g
 co

n
stra

in
t a

n
d

 n
a

sa
l m

a
rke

d
n

e
ss co

n
stra

in
ts co

n
flict in

 th
e

 fo
llo

w
in

g
 w

a
y in

 a
w

o
rd

 w
ith

 a
 n

a
sa

l se
g

m
e

n
t.  S

a
tisfyin

g
 sp

re
a

d
in

g
 re

q
u

ire
s se

le
ctio

n
 o

f a
n

 o
u

tp
u

t
co

n
ta

in
in

g
 n

a
sa

lize
d

 se
g

m
e

n
ts, vio

la
tin

g
 th

e
 m

a
rke

d
n

e
ss co

n
stra

in
t.  O

n
 th

e
 o

th
e

r h
a

n
d

,
o

p
tim

izin
g

 w
ith

 re
sp

e
ct to

 m
a

rke
d

n
e

ss m
e

a
n

s a
vo

id
in

g
 fo

rm
in

g
 n

a
sa

lize
d

 se
g

m
e

n
ts,

w
h

ich
 fo

rce
s vio

la
tio

n
 o

f sp
re

a
d

in
g

.  B
e

fo
re

 e
xh

ib
itin

g
 th

e
se

 co
n

stra
in

t in
te

ra
ctio

n
s,

h
o

w
e

ve
r, it is n

e
ce

ssa
ry to

 a
d

d
re

ss th
e

 issu
e

 o
f lo

ca
lity o

f fe
a

tu
re

 sp
re

a
d

in
g

.  M
o

st
p

h
o

n
o

lo
g

ica
l th

e
o

rie
s a

ckn
o

w
le

d
g

e
 th

a
t fe

a
tu

re
 sp

re
a

d
in

g
 is su

b
je

ct to
 so

m
e

 kin
d

 o
f

lo
ca

lity co
n

d
itio

n
.  T

h
is is n

e
e

d
e

d
 to

 ru
le

 o
u

t u
n

a
tte

ste
d

 lo
n

g
 d

ista
n

ce
 in

te
ra

ctio
n

s, su
ch

a
s sp

re
a

d
in

g
 o

f p
la

ce
 fe

a
tu

re
s fro

m
 o

n
e

 co
n

so
n

a
n

t to
 a

n
o

th
e

r a
cro

ss vo
w

e
ls.  T

h
e

 vie
w

o
f lo

ca
lity th

a
t I a

d
o

p
t h

e
re

 is 
strict se

g
m

e
n

ta
l lo

ca
lity, a

s te
rm

e
d

 b
y N

í C
h

io
sá

in
 a

n
d

P
a

d
g

e
tt (1

9
9

7
).  S

trict se
g

m
e

n
ta

l lo
ca

lity p
re

ve
n

ts m
u

ltip
le

 lin
kin

g
 o

f a
 fe

a
tu

re
 fro

m
skip

p
in

g
 a

n
 in

te
rve

n
in

g
 se

g
m

e
n

t.
T

he m
otivation for a segm

entally strict view
 of locality is review

ed and argued for
in

 a
 p

a
p

e
r b

y N
í C

h
io

sa
in

 a
n

d
 P

a
d

g
e

tt (1
9

9
7

).  T
h

e
ir w

o
rk se

e
ks to

 u
n

d
e

rsta
n

d
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a
sym

m
e

trie
s in

 lo
n

g
-d

ista
n

ce
 fe

a
tu

re
 sp

re
a

d
in

g
, n

a
m

e
ly th

a
t w

h
ile

 fe
a

tu
re

s (o
r g

e
stu

re
s)

like
 vo

w
e

l-p
la

ce
, [n

a
sa

l], a
n

d
 [a

sp
ira

tio
n

] sp
re

a
d

 lo
n

g
-d

ista
n

ce
 (i.e

. a
cro

ss a
t le

a
st C

V
C

o
r V

C
V

 se
q

u
e

n
ce

s), o
th

e
rs su

ch
 a

s [vo
ice

] a
n

d
 co

n
so

n
a

n
ta

l m
a

jo
r p

la
ce

 d
o

 n
o

t.
F

ocusing prim
arily on the asym

m
etry in m

ajor place spreading, they find explanation in a
vie

w
 o

f m
a

jo
r p

la
ce

 fe
a

tu
re

s a
s in

h
e

re
n

tly sp
e

cifie
d

 in
 o

ra
l strictu

re
 d

e
g

re
e

 (B
ro

w
m

a
n

a
n

d
 G

o
ld

ste
in

 1
9

8
6

, 1
9

8
9

; P
a

d
g

e
tt 1

9
9

4
, 1

9
9

5
c).  T

h
e

y sh
o

w
 th

a
t a

n
 im

p
o

rta
n

t
co

n
se

q
u

e
n

ce
 o

f th
is a

ssu
m

p
tio

n
 is th

a
t sp

re
a

d
in

g
 o

f co
n

so
n

a
n

t m
a

jo
r p

la
ce

 th
ro

u
g

h
vo

w
e

ls w
ill p

ro
d

u
ce

 a
 ‘b

o
ttle

-n
e

ck’ e
ffe

ct, th
a

t is, th
e

 co
n

so
n

a
n

ta
l strictu

re
 o

f th
e

co
n

so
n

a
n

t w
ill b

e
 im

p
o

se
d

 o
n

 th
e

 vo
w

e
l, p

ro
d

u
cin

g
 a

n
 ill-fo

rm
e

d
 sylla

b
le

 n
u

cle
u

s.
C

o
m

b
in

in
g

 th
is w

ith
 a

 se
g

m
e

n
ta

lly strict co
n

ce
p

t o
f sp

re
a

d
in

g
, th

e
y o

b
ta

in
 th

e
 fa

ilu
re

 o
f

m
a

jo
r co

n
so

n
a

n
ta

l p
la

ce
 to

 sp
re

a
d

 a
cro

ss vo
w

e
ls.

8  In
 co

n
tra

st, th
e

 sp
re

a
d

in
g

 o
f vo

w
e

l
m

a
jo

r p
la

ce
 fe

a
tu

re
s th

ro
u

g
h

 co
n

so
n

a
n

ts is p
o

ssib
le

, sin
ce

 su
p

e
rim

p
o

sin
g

 a
 vo

ca
lic

d
e

g
re

e
 o

f strictu
re

 o
n

 a
 co

n
so

n
a

n
t w

ill still yie
ld

 a
 co

n
so

n
a

n
t, a

s th
e

 co
n

so
n

a
n

ta
l

strictu
re

 w
ill b

e
 m

a
in

ta
in

e
d

 a
lo

n
g

 w
ith

 a
 se

co
n

d
a

ry vo
ca

lic co
n

strictio
n

.  T
h

is is
su

p
p

o
rte

d
 b

y co
a

rticu
la

tio
n

 stu
d

ie
s w

h
ich

 fin
d

 th
a

t vo
ca

lic g
e

stu
re

s n
o

rm
a

lly o
ve

rla
p

co
n

so
n

a
n

ts (e
.g

. Ö
h

m
a

n
 1

9
6

6
).  N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt p

re
se

n
t a

 d
e

ta
ile

d
 e

xa
m

in
a

tio
n

o
f T

u
rkish

 vo
w

e
l h

a
rm

o
n

y, a
rg

u
in

g
 th

a
t th

e
 vo

w
e

l p
la

ce
 sp

re
a

d
in

g
 d

o
e

s n
o

t skip
 a

n
y

se
g

m
e

n
ts a

n
d

 p
e

rm
e

a
te

s co
n

so
n

a
n

ts a
s w

e
ll a

s vo
w

e
ls.  T

h
e

y d
e

m
o

n
stra

te
 th

a
t th

e
a

p
p

a
re

n
t ‘tra

n
sp

a
re

n
cy’ o

f co
n

so
n

a
n

ts to
 th

e
 vo

w
e

l h
a

rm
o

n
y ca

n
 b

e
 u

n
d

e
rsto

o
d

 fro
m

th
e

 p
e

rsp
e

ctive
 o

f se
g

m
e

n
t re

a
liza

tio
n

 a
n

d
 co

n
tra

st, w
h

ich
 th

e
y w

o
rk o

u
t in

 th
e

fra
m

e
w

o
rk o

f D
isp

e
rsio

n
 T

h
e

o
ry (F

le
m

m
in

g
 1

9
9

5
a

).  T
h

is in
d

e
p

e
n

d
e

n
tly-m

o
tiva

te
d

re
a

liza
tio

n
a

l e
xp

la
n

a
tio

n
 co

n
trib

u
te

s to
 th

e
o

re
tica

l p
a

rsim
o

n
y b

y e
lim

in
a

tin
g

 a
n

y n
e

e
d

fo
r a

 tra
n

sp
a

re
n

cy-sp
e

cific se
g

m
e

n
t skip

p
in

g
 d

e
vice

.
A

t th
is p

o
in

t w
e

 m
a

y n
o

te
 th

a
t th

e
 cro

ss-lin
g

u
istic typ

o
lo

g
y o

f n
a

sa
l h

a
rm

o
n

y is
h

ig
h

ly su
g

g
e

stive
 o

f th
e

 se
g

m
e

n
ta

lly strict vie
w

 o
f lo

ca
lity.  It h

a
s sh

o
w

n
 u

s th
a

t n
a

sa
lity

sp
re

a
d

s fro
m

 se
g

m
e

n
t to

 se
g

m
e

n
t.  Im

p
o

rta
n

tly, a
p

p
a

re
n

t skip
p

in
g

 o
f se

g
m

e
n

ts in
 n

a
sa

l
sp

re
a

d
in

g
 d

o
e

s n
o

t o
ccu

r a
s a

n
 a

lte
rn

a
tive

 to
 

b
lo

ckin
g

 fo
r 

n
o

n
-u

n
d

e
rg

o
e

rs, 
ra

th
e

r
syste

m
s w

ith
 d

e
scrip

tive
ly tra

n
sp

a
re

n
t se

g
m

e
n

ts fill th
e

 slo
t w

h
e

re
 w

e
 e

xp
e

ct to
 fin

d
 a

ll
se

g
m

e
n

ts un
d

e
rg

o
in

g n
a

sa
liza

tio
n

.  T
h

e
 se

t o
f se

g
m

e
n

ts th
a

t m
a

y b
e

co
m

e
 n

a
sa

lize
d

 a
n

d
th

o
se

 th
a

t b
e

h
a

ve
 tra

n
sp

a
re

n
t a

re
 e

sse
n

tia
lly in

 co
m

p
le

m
e

n
ta

ry d
istrib

u
tio

n
.  T

h
is is

e
xp

la
in

e
d

 if tra
n

sp
a

re
n

cy o
ccu

rs a
s a

 re
a

liza
tio

n
 o

f a
 se

g
m

e
n

t n
e

a
r th

e
 e

xtre
m

e
 o

f
in

co
m

p
a

tib
ility 

w
ith

 
n

a
sa

liza
tio

n
 

w
h

e
n

 
it 

u
n

d
e

rg
o

e
s 

n
a

sa
l 

sp
re

a
d

in
g

. 
 

P
o

sitin
g

‘tra
n

sp
a

re
n

t’ se
g

m
e

n
ts a

s u
n

d
e

rg
o

e
rs d

e
rive

s a
 typ

o
lo

g
y in

 w
h

ich
 a

ll va
ria

n
ts g

ive
n

 b
y

8  F
o

llo
w

in
g

 G
a

fo
s (1

9
9

6
) a

n
d

 F
le

m
m

in
g

 (1
9

9
5

b
), N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt p

o
in

t o
u

t th
a

t co
ro

n
a

l
co

n
so

n
a

n
t h

a
rm

o
n

ie
s d

o
 n

o
t in

vo
lve

 sp
re

a
d

in
g

 o
f a

 m
a

jo
r co

n
so

n
a

n
ta

l p
la

ce
, b

u
t ra

th
e

r fe
a

tu
re

s
in

vo
lvin

g
 to

n
g

u
e

 sh
a

p
e

 o
r o

rie
n

ta
tio

n
 (ch

a
ra

cte
rize

d
 b

y so
m

e
 a

n
a

lysts a
s [a

n
te

rio
r] o

r [d
istrib

u
te

d
]),

w
h

ich
 d

o
 n

o
t e

n
ta

il sp
re

a
d

in
g

 o
f strictu

re
 a

s w
e

ll.
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th
e

 im
p

lica
tio

n
a

l n
a

sa
liza

tio
n

 h
ie

ra
rch

y a
re

 a
tte

ste
d

.  It a
lso

 e
xp

la
in

s w
h

y vo
ice

d
 sto

p
s

a
lw

a
ys u

n
d

e
rg

o
 n

a
sa

liza
tio

n
 ra

th
e

r th
a

n
 b

lo
ck w

h
e

n
 vo

ice
le

ss sto
p

s b
e

h
a

ve
 tra

n
sp

a
re

n
t.

T
h

e
 re

q
u

ire
m

e
n

t o
f se

g
m

e
n

ta
lly strict lo

ca
lity fo

llo
w

s m
o

re
 g

e
n

e
ra

lly fro
m

 th
e

claim
 that a ‘gapped configuration’ like that in (23) is universally ill-form

ed.

(23)
T

he gapped configuration: universally ill-form
ed

       α  β   γ
w

h
e

re
 α, β, and γ are any segm

ent
         \      /
          [F

]

In
 p

ro
h

ib
itin

g
 a

 co
n

fig
u

ra
tio

n
 like

 th
a

t in
 (2

3
), w

h
ich

 vio
la

te
s se

g
m

e
n

ta
l a

d
ja

ce
n

cy in
fe

a
tu

re
 lin

kin
g

, I fo
llo

w
 N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt (1

9
9

3
, 1

9
9

7
), P

a
d

g
e

tt (1
9

9
5

a
), a

n
d

W
a

lke
r (1

9
9

6
) (M

cC
a

rth
y 1

9
9

4
; F

le
m

m
in

g
 1

9
9

5
b

; a
n

d
 W

a
lke

r a
n

d
 P

u
llu

m
 1

9
9

7
 p

ro
vid

e
foundation; cf. also A

llen 1951; S
tam

pe 1979; G
afos 1996).  M

ore generally for a call on
th

e
 ill-fo

rm
e

d
n

e
ss o

f g
a

p
p

in
g

 a
cro

ss a
n

ch
o

rs to
 co

n
stra

in
 lo

ca
lity, se

e
 K

ip
a

rsky (1
9

8
1

),
L

e
ve

rg
o

o
d

 (1
9

8
4

), A
rch

a
n

g
e

li a
n

d
 P

u
lle

yb
la

n
k (1

9
9

4
), a

n
d

 P
u

lle
yb

la
n

k (1
9

9
3

, 1
9

9
6

),
a

m
o

n
g

 o
th

e
rs.  It sh

o
u

ld
 b

e
 n

o
te

d
 th

a
t so

m
e

 p
re

vio
u

s co
n

ce
p

tio
n

s o
f lo

ca
lity p

e
rm

it 
α

, β,
a

n
d γ to

 b
e

 d
e

fin
e

d
 a

s p
ro

je
cte

d
 ta

rg
e

ts, a
llo

w
in

g
 skip

p
in

g
 o

f n
o

n
-ta

rg
e

t se
g

m
e

n
ts (se

e
,

fo
r e

xa
m

p
le

, A
rch

a
n

g
e

li a
n

d
 P

u
lle

yb
la

n
k o

n
 ‘p

ro
so

d
ic tra

n
sp

a
re

n
cy’ 1

9
9

4
: 3

5
8

-9
, a

lso
fe

a
tu

re
-g

e
o

m
e

tric a
p

p
ro

a
ch

e
s m

a
ke

 u
se

 o
f e

la
b

o
ra

te
d

 stru
ctu

re
 b

e
lo

w
 th

e
 se

g
m

e
n

t;
P

ig
g

o
tt 1

9
9

2
); h

o
w

e
ve

r, u
n

d
e

r se
g

m
e

n
ta

lly strict lo
ca

lity, 
α

, β, a
n

d γ a
re

 in
te

rp
re

te
d

 a
s

a
n

y se
g

m
e

n
t, so

 sp
re

a
d

in
g

 a
n

d
 lin

kin
g

 m
u

st b
e

 b
e

tw
e

e
n

 a
d

ja
ce

n
t se

g
m

e
n

ts.  B
u

ild
in

g
 o

n
th

e
 in

sig
h

ts o
f A

rticu
la

to
ry P

h
o

n
o

lo
g

y (B
ro

w
m

a
n

 a
n

d
 G

o
ld

ste
in

 1
9

8
6

, 1
9

8
9

, 1
9

9
0

),
se

g
m

e
n

ta
l lo

ca
lity co

rre
sp

o
n

d
s to

 u
n

d
e

rsta
n

d
in

g
 e

a
ch

 in
sta

n
ce

 o
f a

 fe
a

tu
re

 sp
e

cifica
tio

n
a

s re
p

re
se

n
tin

g
 a

 co
n

tin
u

o
u

s o
ccu

rre
n

ce
 o

f so
m

e
 p

ro
p

e
rty o

r g
e

stu
re

.  If a
 sin

g
le

in
sta

n
ce

 o
f a

 fe
a

tu
re

 sp
e

cifica
tio

n
 is lin

ke
d

 to
 se

p
a

ra
te

 se
g

m
e

n
ts, th

e
n

 th
e

 fe
a

tu
ra

l
g

e
stu

re
 m

u
st ca

rry o
n

 u
n

in
te

rru
p

te
d

 b
e

tw
e

e
n

 e
a

ch
 o

f th
o

se
 se

g
m

e
n

ts to
 w

h
ich

 it is
lin

ke
d

. 9In
 d

e
scrib

in
g

 th
e

 g
a

p
p

e
d

 co
n

fig
u

ra
tio

n
 a

s u
n

ive
rsa

lly ill-fo
rm

e
d

, I m
e

a
n

 th
a

t it
re

p
re

se
n

ts a
 stru

ctu
ra

l co
n

fig
u

ra
tio

n
 th

a
t m

a
y n

e
ve

r b
e

 vio
la

te
d

 in
 th

e
 ca

n
d

id
a

te
 se

t: it is
n

o
t a

 stru
ctu

re
 th

a
t G

e
n

 is ca
p

a
b

le
 o

f p
ro

d
u

cin
g

 (fo
llo

w
in

g
 N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt

1997, see also G
afos 1996 for a sim

ilar result in the m
odel of ‘A

rticulatory Locality’).  N
í

C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt ch

a
ra

cte
rize

 th
e

 ill-fo
rm

e
d

n
e

ss o
f g

a
p

p
in

g
 in

 te
rm

s o
f its fa

ilu
re

 to

9  A
n

 a
lte

rn
a

tive
 a

p
p

ro
a

ch
 a

d
o

p
tin

g
 a

 vio
la

b
le

 n
o

tio
n

 o
f g

a
p

p
in

g
 is co

n
sid

e
re

d
 a

n
d

 re
je

cte
d

 in
ch

a
p

te
r 5

.
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b
e

 co
n

ve
x.  T

h
e

ir d
e

fin
itio

n
 o

f a
 co

n
ve

x fe
a

tu
ra

l e
ve

n
t is g

ive
n

 in
 (2

4
) (1

9
9

7
: 4

; a
d

a
p

te
d

fro
m

 th
e

 d
e

fin
itio

n
 o

f co
n

ve
x p

h
o

n
o

lo
g

ica
l e

ve
n

t b
y B

ird
 a

n
d

 K
le

in
 1

9
9

0
).

(24)
A

 featural event F
 is convex iff it satisfies the follow

ing condition:

F
or all segm

ents, 
α, β, γ, if α

 precedes β, β precedes γ, α
 overlaps F

 and γ overlaps
F

, then β overlaps F
.

A
s N

í C
h

io
sá

in
 a

n
d

 P
a

d
g

e
tt su

g
g

e
st, it is re

a
so

n
a

b
le

 to
 a

ssu
m

e
 th

a
t co

n
ve

xity h
o

ld
s o

f
p

h
o

n
o

lo
g

ica
l re

p
re

se
n

ta
tio

n
s w

ith
o

u
t e

xce
p

tio
n

.
1

0  T
h

e
 ill-fo

rm
e

d
n

e
ss o

f th
e

 g
a

p
p

e
d

co
n

fig
u

ra
tio

n
 in

 (2
3

) m
a

y th
u

s b
e

 u
n

d
e

rsto
o

d
 in

 th
e

se
 te

rm
s: th

e
 g

a
p

p
e

d
 co

n
fig

u
ra

tio
n

 is
n

o
t a

 p
o

ssib
le

 p
h

o
n

o
lo

g
ica

l re
p

re
se

n
ta

tio
n

 b
e

ca
u

se
 it is n

o
t a

 co
n

ve
x fe

a
tu

ra
l e

ve
n

t.
T

he consequence of segm
entally strict locality for the analysis of nasal harm

ony is
th

is: sp
re

a
d

in
g

 o
f [+

n
a

sa
l] m

a
y n

e
ve

r skip
 a

 se
g

m
e

n
t b

y lin
kin

g
 a

cro
ss it.  If n

a
sa

liza
tio

n
o

f a
 p

a
rticu

la
r se

g
m

e
n

t is n
o

t p
o

ssib
le

 b
e

ca
u

se
 o

f n
a

sa
liza

tio
n

 m
a

rke
d

n
e

ss co
n

stra
in

ts
o

u
tra

n
kin

g
 sp

re
a

d
in

g
, th

e
 o

n
ly o

u
tco

m
e

 th
a

t m
a

y o
ccu

r is th
a

t th
e

 se
g

m
e

n
t b

lo
ck

sp
re

a
d

in
g

.

2.2.2
A

 factorial ranking typology
P

rin
ce

 a
n

d
 S

m
o

le
n

sky (1
9

9
3

) h
yp

o
th

e
size

 th
a

t typ
o

lo
g

ie
s a

re
 d

e
rive

d
 b

y fa
cto

ria
l

co
n

stra
in

t ra
n

kin
g

, th
a

t is, th
e

 se
t o

f p
o

ssib
le

 la
n

g
u

a
g

e
s w

ill b
e

 g
ive

n
 b

y th
e

 g
ra

m
m

a
rs

p
ro

d
u

ce
d

 b
y a

ll o
f th

e
 d

iffe
re

n
t p

o
ssib

le
 co

n
stra

in
t ra

n
kin

g
s.  T

h
e

 p
re

vio
u

s se
ctio

n
e

sta
b

lish
e

d
 tw

o
 kin

d
s o

f co
n

stra
in

ts: th
e

 sp
re

a
d

in
g

 im
p

e
ra

tive
 a

n
d

 th
e

 n
a

sa
lize

d
 se

g
m

e
n

t
co

n
stra

in
ts.  U

n
d

e
r th

e
 fa

cto
ria

l ra
n

kin
g

 h
yp

o
th

e
sis th

e
n

, a
 typ

o
lo

g
y sh

o
u

ld
 b

e
 d

e
rive

d
b

y a
ll o

f th
e

 p
o

ssib
le

 ra
n

kin
g

s o
f th

e
se

 co
n

stra
in

ts.  It h
a

s b
e

e
n

 d
e

te
rm

in
e

d
 th

a
t th

e
n

a
sa

lize
d

 se
g

m
e

n
t co

n
stra

in
ts a

re
 in

trin
sica

lly-ra
n

ke
d

 w
ith

 re
sp

e
ct to

 e
a

ch
 o

th
e

r.  T
h

is
le

a
ve

s a
ll o

f th
e

 d
iffe

re
n

t ra
n

kin
g

s o
f th

e
 sp

re
a

d
in

g
 co

n
stra

in
t in

 re
la

tio
n

 to
 th

e
 n

a
sa

l
m

a
rke

d
n

e
ss h

ie
ra

rch
y.

 
T

h
e

 co
m

p
le

te
 se

t o
f p

o
ssib

le
 ra

n
kin

g
s a

re
 g

ive
n

 in
 (2

5
).  T

h
e

se
 ra

n
kin

g
s m

a
tch

p
e

rfe
ctly w

ith
 th

e
 h

ie
ra

rch
ica

l va
ria

tio
n

 o
b

se
rve

d
 in

 th
e

 se
ts o

f u
n

d
e

rg
o

in
g

 a
n

d
 b

lo
ckin

g
se

g
m

e
n

ts in
 n

a
sa

l h
a

rm
o

n
y (in

 (1
2

)).  B
e

ca
u

se
 o

f th
e

 lo
ca

lity co
n

d
itio

n
, [+

n
a

sa
l] ca

n
n

e
ve

r skip
 a

sso
cia

tin
g

 to
 a

 se
g

m
e

n
t in

 th
e

 a
tte

m
p

t to
 a

ch
ie

ve
 n

a
sa

l sp
re

a
d

in
g

.  S
in

ce
skip

p
in

g
 se

g
m

e
n

ts is n
o

t a
n

 o
p

tio
n

 in
 sp

re
a

d
in

g
, a

n
y n

a
sa

lize
d

 se
g

m
e

n
t co

n
stra

in
ts

1
0  A

rch
a

n
g

e
li a

n
d

 P
u

lle
yb

la
n

k (1
9

9
4

: 3
8

) a
lso

 a
rg

u
e

 th
a

t th
e

 g
a

p
p

e
d

 co
n

fig
u

ra
tio

n
 ca

n
 b

e
 ru

le
d

 o
u

t
o

n
 a

 fo
rm

a
l b

a
sis in

 te
rm

s o
f p

re
ce

d
e

n
ce

; h
o

w
e

ve
r, th

e
y re

la
tivize

 th
is to

 skip
p

in
g

 o
f a

n
ch

o
rs.  T

h
u

s if
sp

re
a

d
in

g
 w

e
re

 to
 ta

rg
e

t m
o

ra
s (a

s th
e

y su
g

g
e

st fo
r vo

w
e

l h
a

rm
o

n
y), n

o
n

-m
o

ra
ic se

g
m

e
n

ts m
a

y b
e

skip
p

e
d

.
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w
h

ich
 d

o
m

in
a

te
 sp

re
a

d
in

g
 w

ill p
ro

d
u

ce
 b

lo
ckin

g
 e

ffe
cts, a

s it w
o

u
ld

 b
e

 w
o

rse
 to

 fo
rm

th
e

se
 n

a
sa

lize
d

 se
g

m
e

n
ts th

a
n

 vio
la

te
 sp

re
a

d
in

g
.  In

 co
n

tra
st, n

a
sa

lize
d

 se
g

m
e

n
t

co
n

stra
in

ts o
u

tra
n

ke
d

 b
y sp

re
a

d
in

g
 w

ill co
rre

sp
o

n
d

 to
 p

a
rticip

a
tin

g
 se

g
m

e
n

ts, a
s it is

b
e

tte
r to

 vio
la

te
 th

e
se

 co
n

stra
in

ts b
y fo

rm
in

g
 th

e
 n

a
sa

lize
d

 se
g

m
e

n
ts, th

a
n

 it is to
 vio

la
te

sp
re

a
d

in
g

 in
ste

a
d

.

(2
5

)
H

ie
ra

rch
ica

l va
ria

tio
n

 th
ro

u
g

h
 co

n
stra

in
t ra

n
kin

g
:

①
 S

p
a

n
ish

:

*N
A

SO
B

SS
T

O
P

 »
 *N

A
SF

R
IC

 »
 *N

A
SL

IQ
U

ID
 »

 *N
A

SG
L

ID
E

 »
 *N

A
SV

O
W

E
L » S

P
R

E
A

D
[+

nas]

②
 S

u
n

d
a

n
e

se
:

*N
A

SO
B

SS
T

O
P

 »
 *N

A
SF

R
IC

 »
 *N

A
SL

IQ
U

ID
 »

 *N
A

SG
L

ID
E

 » S
P

R
E

A
D

[+
nas] »

 *N
A

SV
O

W
E

L

③
 M

a
la

y (Jo
h

o
re

):

*N
A

SO
B

SS
T

O
P

 »
 *N

A
SF

R
IC

 »
 *N

A
SL

IQ
U

ID
 » S

P
R

E
A

D
[+

nas] »
 *N

A
SG

L
ID

E
 »

 *N
A

SV
O

W
E

L

④
 Ijo

 (K
o

lo
ku

m
a

):

*N
A

SO
B

SS
T

O
P

 »
 *N

A
SF

R
IC

 » S
P

R
E

A
D

[+
nas] »

 *N
A

SL
IQ

U
ID

 »
 *N

A
SG

L
ID

E
 »

 *N
A

SV
O

W
E

L

⑤
 S

co
ttish

 G
a

e
lic (A

p
p

le
cro

ss):

*N
A

SO
B

SS
T

O
P » S

P
R

E
A

D
[+

nas] »
 *N

A
SF

R
IC

 »
 *N

A
SL

IQ
U

ID
 »

 *N
A

SG
L

ID
E

 »
 *N

A
SV

O
W

E
L

⑥
 T

u
yu

ca
:

S
P

R
E

A
D

[+
nas] »

 *N
A

SO
B

SS
T

O
P

 »
 *N

A
SF

R
IC

 »
 *N

A
SL

IQ
U

ID
 »

 *N
A

SG
L

ID
E

 »
 *N

A
SV

O
W

E
L

F
or case ①

 (S
p

a
n

ish
), w

h
ich

 e
xh

ib
its n

o
 n

a
sa

l h
a

rm
o

n
y, S
P

R
E

A
D[+

n
a

s] is ra
n

ke
d

 b
e

lo
w

a
ll n

a
sa

liza
tio

n
 co

n
stra

in
ts, a

s it fa
ils to

 fo
rce

 vio
la

tio
n

s o
f a

n
y o

f th
e

se
 co

n
stra

in
ts.  F

o
r

②
 (S

u
n

d
a

n
e

se
), w

h
e

re
 o

n
ly vo

w
e

ls u
n

d
e

rg
o

 n
a

sa
l h

a
rm

o
n

y, S
P

R
E

A
D[+

n
a

s]  d
o

m
in

a
te

s
ju

st th
e

 co
n

stra
in

t a
g

a
in

st n
a

sa
lize

d
 vo

w
e

ls; o
th

e
r n

a
sa

liza
tio

n
 co

n
stra

in
ts a

re
 ra

n
ke

d
a

b
o

ve
 S P

R
E

A
D[+

n
a

s], sin
ce

 th
e

y re
m

a
in

 u
n

vio
la

te
d

.  
③

 (M
a

la
y) m

a
in

ta
in

s th
e

 sa
m

e
ra

n
kin

g
 

o
f 

th
e

 
n

a
sa

liza
tio

n
 

co
n

stra
in

ts 
w

ith
 

re
sp

e
ct 

to
 

e
a

ch
 

o
th

e
r 

b
u

t 
m

o
ve

s
S

P
R

E
A

D[+
nas] over the nasalized glide constraint as w

ell.  
④

 (Ijo) m
oves SP

R
E

A
D[+

nas]
u

p
 o

n
e

 m
o

re
 to

 d
o

m
in

a
te

 th
e

 co
n

stra
in

t a
g

a
in

st n
a

sa
lize

d
 liq

u
id

s, a
n

d
 fo

r 
⑤

 (S
co

ttish
G

aelic) S P
R

E
A

D[+
nas] m

oves one m
ore again so that fricatives also undergo.  F

inally for
⑥

 (T
u

yu
ca

), SP
R

E
A

D[+
n

a
s] d

o
m

in
a

te
s a

ll n
a

sa
liza

tio
n

 co
n

stra
in

ts, g
ivin

g
 a

 p
a

tte
rn

 in
w

h
ich

 a
ll se

g
m

e
n

ts u
n

d
e

rg
o

 h
a

rm
o

n
y.  T

h
e

 *N
A

S
S

O
N

S
T

O
P co

n
stra

in
t is n

o
t sh

o
w

n
h

e
re

, b
e

ca
u

se
 a

ll o
f th

e
 u

n
d

e
rlyin

g
 so

n
o

ra
n

t sto
p

s a
re

 a
lre

a
d

y n
a

sa
l, so

 th
is co

n
stra

in
t

w
ill not conflict w

ith satisfaction of SP
R

E
A

D[+
nas].

T
h

e
 o

ve
ra

ll ra
n

kin
g

 th
a

t h
a

s b
e

e
n

 e
sta

b
lish

e
d

 fo
r th

e
 typ

o
lo

g
y o

f n
a

sa
l h

a
rm

o
n

y
is g

ive
n

 in
 (2

6
).  A

 cru
cia

l fe
a

tu
re

 o
f th

is p
a

tte
rn

 is th
a

t th
e

 ra
n

kin
g

 o
f n

a
sa

liza
tio

n
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co
n

stra
in

ts w
ith

 re
sp

e
ct to

 e
a

ch
 o

th
e

r re
m

a
in

s co
n

sta
n

t a
cco

rd
in

g
 to

 th
e

 in
trin

sica
lly-

ranked hierarchy in (14).

(26)
S

um
m

ary of constraint ranking:

N
asalized segm

ent constraints
           |_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

|
          (blocking segm

ents)
            ↓

      S P
R

E
A

D
[+

nasal]
     |_

_
_

_
_

_
_

_
_

_
_

_
_

|
       (spreading im

perative)
         ↓

N
asalized segm

ent constraints
           |_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

|
           (target segm

ents)

T
h

e
 ra

n
kin

g
 p

a
tte

rn
 is e

xe
m

p
lifie

d
 in

 (2
7

-2
9

).  T
h

e
 ta

b
le

a
u

 in
 (2

7
) illu

stra
te

s th
e

p
a

tte
rn

 fo
r S

u
n

d
a

n
e

se
, w

ith
 rig

h
tw

a
rd

 sp
re

a
d

in
g

.
1

1  In
 th

is va
ria

tio
n

, o
n

ly vo
w

e
ls

u
n

d
e

rg
o

 
h

a
rm

o
n

y, 
so

 
th

e
 

sp
re

a
d

in
g

 
co

n
stra

in
t 

d
o

m
in

a
te

s 
th

e
 

n
a

sa
lize

d
 

se
g

m
e

n
t

co
n

stra
in

ts o
n

ly u
p

 to
 th

e
 co

n
stra

in
t a

g
a

in
st n

a
sa

lize
d

 vo
w

e
ls.  T

h
e

 o
th

e
r n

a
sa

liza
tio

n
co

n
stra

in
ts d

o
m

in
a

te
 sp

re
a

d
in

g
.  N

a
sa

liza
tio

n
 in

 ca
n

d
id

a
te

s is m
a

rke
d

 w
ith

 a
 tild

e
 a

n
d

b
ra

cke
ts a

re
 u

se
d

 to
 d

e
lim

it sp
a

n
s o

f a
n

 o
ccu

rre
n

ce
 o

f a
 [+

n
a

sa
l] fe

a
tu

re
, i.e

. [
n
a
)] im

p
lie

s
th

a
t o

n
e

 n
a

sa
l fe

a
tu

re
 is lin

ke
d

 to
 tw

o
 se

g
m

e
n

ts a
n

d
 [

n
][a

)] sig
n

ifie
s th

a
t th

e
re

 is a
se

p
a

ra
te

 n
a

sa
l sp

e
cifica

tio
n

 fo
r e

a
ch

 se
g

m
e

n
t.  In

 th
e

 o
p

tim
a

l o
u

tp
u

t, in
 (a

), sp
re

a
d

in
g

e
xte

n
d

s o
n

ly a
s fa

r a
s th

e
 a

d
ja

ce
n

t vo
w

e
l, sin

ce
 e

xte
n

d
in

g
 a

n
y fa

rth
e

r w
o

u
ld

 vio
la

te
 a

d
o

m
in

a
tin

g
 n

a
sa

liza
tio

n
 co

n
stra

in
t.   In

 (b
), [+

n
a

sa
l] lin

ks to
 e

ve
ry se

g
m

e
n

t, sa
tisfyin

g
sp

re
a

d
in

g
; 

h
o

w
e

ve
r, 

th
is 

ca
n

d
id

a
te

 
lo

se
s, 

b
e

ca
u

se
 

it 
vio

la
te

s 
th

e
 

h
ig

h
e

r-ra
n

ke
d

co
n

stra
in

ts a
g

a
in

st n
a

sa
lize

d
 g

lid
e

s a
n

d
 o

b
stru

e
n

ts.  C
a

n
d

id
a

te
 (c) sh

o
w

s a
 sim

ila
r

p
ro

b
le

m
 in

 sp
re

a
d

in
g

 u
p

 to
 th

e
 o

b
stru

e
n

t sto
p

. C
a

n
d

id
a

te
 (d

) n
a

sa
lize

s e
ve

ry vo
w

e
l in

th
e

 w
o

rd
, b

u
t it fa

ils o
n

 th
e

 b
a

sis o
f sp

re
a

d
in

g
 b

e
ca

u
se

 it d
o

e
s n

o
t d

e
rive

 n
a

sa
liza

tio
n

 o
f

th
e

 se
co

n
d

 vo
w

e
l b

y m
u

ltip
le

-lin
kin

g
.  In

 (e
), n

o
 sp

re
a

d
in

g
 ta

ke
s p

la
ce

, a
n

d
 th

is to
o

 lo
se

s
o

n
 a

n
 e

xtra
 sp

re
a

d
in

g
 vio

la
tio

n
.

1
1  T

h
e

 fo
llo

w
in

g
 ta

b
le

a
u

x sh
o

w
 th

e
 e

va
lu

a
tio

n
 o

f ca
n

d
id

a
te

s fo
r a

 p
la

u
sib

le
 in

p
u

t fo
rm

.  T
h

e
 in

p
u

t
th

a
t co

rre
sp

o
n

d
s to

 th
e

 a
ctu

a
l u

n
d

e
rlyin

g
 re

p
re

se
n

ta
tio

n
 is d

e
te

rm
in

e
d

 b
y L

e
xico

n
 O

p
tim

iza
tio

n
d

iscu
sse

d
 in

 se
ctio

n
 1

.3
.3

.
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(2
7

)
S

u
n

d
a

n
e

se
   N

a
ja

k
*N

A
S

O
B

SS
T

O
P

*N
A

S
F

R
IC

*N
A

S
L

IQ
U

ID
*N

A
S

G
LID

E
S

P
R

E
A

D-R
([+

n
a

s], P
w

d
)

*N
A

S
V

O
W

E
L

*N
A

S
S

O
N

S
T

O
P

☞
a

. [N
a
)]ja

k
***

*
*

b
. [N

a
)j ‚a

)k
)]

*!
*

**
*

c. [N
a
)j ‚a

)]k
*!

**
*

d
. [N

a
)]j[a

)]k
****!

**
*

e
. [N

]a
ja

k
****!

*

T
h

e
 va

ria
tio

n
s in

 n
a

sa
l h

a
rm

o
n

y w
ill d

iffe
r fro

m
 S

u
n

d
a

n
e

se
 o

n
ly in

 th
e

 ra
n

kin
g

 o
f

the spreading constraint.  (28) illustrates the case of Ijo, w
here vow

els, glides, and liquids
u

n
d

e
rg

o
 n

a
sa

liza
tio

n
.  F

o
r th

is p
a

tte
rn

, a
 le

ftw
a

rd
 sp

re
a

d
in

g
 co

n
stra

in
t is situ

a
te

d
b

e
tw

e
e

n
 th

e
 co

n
stra

in
t a

g
a

in
st n

a
sa

lize
d

 frica
tive

s a
n

d
 th

e
 co

n
stra

in
t a

g
a

in
st n

a
sa

lize
d

liquids.

(2
8

)
Ijo

   sç
Rç

)
*N

A
S

O
B

SS
T

O
P

*N
A

S
F

R
IC

S
P

R
E

A
D-L

([+
n

a
s], P

w
d

)
*N

A
S

L
IQ

U
ID

*N
A

S
G

LID
E

*N
A

S
V

O
W

E
L

*N
A

S
S

O
N

S
T

O
P

☞
a

. s[ç
)R)ç

)]
*

*
**

b
. [s)ç

)R)ç
)]

*!
*

**
c. sç

R[ç
)]

**!*
*

W
h

e
n

 th
e

 sp
re

a
d

in
g

 co
n

stra
in

t d
o

m
in

a
te

s a
ll o

f th
e

 n
a

sa
lize

d
 se

g
m

e
n

t co
n

stra
in

ts,
all segm

ents w
ill participate in nasal harm

ony.  T
his is how

 I propose to treat T
uyuca:

(2
9

)
T

u
yu

ca
   w

a
)ti

S
P

R
E

A
D

([+
n

a
s], M

)
*N

A
S

O
B

SS
T

O
P

*N
A

S
F

R
IC

*N
A

S
L

IQ
U

ID
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L
*N

A
S

S
O

N
S

T
O

P

☞
a

. [w
)a
)t )i ‚]

*
*

**

b
. [w

)a
)]ti

*!*
*

*
c. w

[a
)]ti

*!**
*

d
. [w

)a
)]t[i ‚]

*!****
*

**

T
h

e
 o

p
tim

a
l o

u
tp

u
t se

le
cte

d
 o

n
 th

e
 b

a
sis o

f th
is ra

n
kin

g
 is th

e
 o

n
e

 in
 (a

), in
 w

h
ich

 a
ll

se
g

m
e

n
ts a

re
 n

a
sa

lize
d

, in
clu

d
in

g
 th

e
 vo

ice
le

ss o
b

stru
e

n
t sto

p
.  T

h
is se

g
m

e
n

t is
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d
e

scrib
e

d
 a

s o
ra

l, co
rre

sp
o

n
d

in
g

 to
 a

 re
p

re
se

n
ta

tio
n

 like
 th

a
t in

 (d
), w

ith
 a

 se
p

a
ra

te
 n

a
sa

l
fe

a
tu

re
 o

n
 e

ith
e

r sid
e

 o
f th

e
 sto

p
.  H

o
w

e
ve

r, sin
ce

 ca
n

d
id

a
te

 (d
) in

cu
rs a

 su
p

e
rse

t o
f th

e
sp

re
a

d
in

g
 a

n
d

 m
a

rke
d

n
e

ss co
n

stra
in

t vio
la

tio
n

s th
a

t (b
) d

o
e

s, w
h

e
re

 th
e

 sto
p

 b
lo

cks
sp

re
a

d
in

g
, (d

) ca
n

 n
e

ve
r b

e
 o

p
tim

a
l u

n
d

e
r a

n
y ra

n
kin

g
 o

f th
e

se
 co

n
stra

in
ts.  A

 ca
n

d
id

a
te

like
 (a

), w
ith

 sp
re

a
d

in
g

 to
 a

ll se
g

m
e

n
ts, is th

e
 o

n
ly o

n
e

 fo
r w

h
ich

 sp
re

a
d

in
g

 ca
n

 d
rive

n
a

sa
liza

tio
n

 o
f th

e
 vo

w
e

l fo
llo

w
in

g
 th

e
 sto

p
.  A

 g
ra

m
m

a
r w

ith
 th

is o
u

tco
m

e
 is p

re
d

icte
d

b
y th

e
 fa

cto
ria

l ra
n

kin
g

 h
yp

o
th

e
sis.  A

cco
rd

in
g

ly, I p
o

sit th
is a

s th
e

 b
a

sic a
n

a
lysis fo

r
la

n
g

u
a

g
e

s w
ith

 tra
n

sp
a

re
n

t se
g

m
e

n
ts in

 n
a

sa
l h

a
rm

o
n

y, a
n

d
 in

 ch
a

p
te

r 3
 I e

xp
lo

re
 h

o
w

th
e

 o
p

tim
a

l ca
n

d
id

a
te

 in
 (a

) is m
a

p
p

e
d

 to
 th

e
 o

u
tco

m
e

 in
 (d

) in
 a

n
 o

p
a

q
u

e
 co

n
stra

in
t

in
te

ra
ctio

n
.

W
e

 h
a

ve
 n

o
w

 se
e

n
 th

a
t fa

cto
ria

l co
n

stra
in

t ra
n

kin
g

 o
f th

e
 sp

re
a

d
in

g
 co

n
stra

in
t in

re
la

tio
n

 
to

 
th

e
 

h
ie

ra
rch

y 
o

f 
n

a
sa

lize
d

 
se

g
m

e
n

t 
co

n
stra

in
ts 

d
e

rive
s 

p
re

cise
ly 

th
e

h
ie

ra
rch

ica
l va

ria
tio

n
 o

b
se

rve
d

 a
cro

ss la
n

g
u

a
g

e
s.  A

 cla
im

 u
n

d
e

rlyin
g

 th
is typ

o
lo

g
y is

th
a

t 
d

e
scrip

tive
ly 

tra
n

sp
a

re
n

t 
se

g
m

e
n

ts 
sh

o
u

ld
 

b
e

 
re

g
a

rd
e

d
 

a
s 

u
n

d
e

rg
o

in
g

 
n

a
sa

l
sp

re
a

d
in

g
 th

e
m

se
lve

s, w
h

ich
 h

a
s a

 m
o

re
 g

e
n

e
ra

l g
ro

u
n

d
in

g
 in

 th
e

 cla
im

 th
a

t sp
re

a
d

in
g

 is
se

g
m

e
n

ta
lly strictly lo

ca
l.  T

h
e

 a
n

a
lysis o

f ‘tra
n

sp
a

re
n

t’ se
g

m
e

n
ts a

s u
n

d
e

rg
o

e
rs is

su
p

p
o

rte
d

 b
y th

e
 o

b
se

rva
tio

n
s o

f cro
ss-lin

g
u

istic va
ria

tio
n

 o
n

 th
re

e
 fro

n
ts.  F

irst, th
e

cla
ss o

f se
g

m
e

n
ts w

h
ich

 m
a

y b
e

h
a

ve
 tra

n
sp

a
re

n
t a

re
 b

a
sica

lly in
 co

m
p

le
m

e
n

ta
ry

d
istrib

u
tio

n
 w

ith
 th

o
se

 th
a

t m
a

y b
e

co
m

e
 n

a
sa

lize
d

 in
 n

a
sa

l h
a

rm
o

n
y.  S

e
co

n
d

, a
 syste

m
in

 w
h

ich
 a

ll se
g

m
e

n
ts, in

clu
d

in
g

 o
b

stru
e

n
ts, u

n
d

e
rg

o
 n

a
sa

liza
tio

n
 is p

re
d

icte
d

 u
n

d
e

r th
e

fa
cto

ria
l ra

n
kin

g
 h

yp
o

th
e

sis: p
o

sitin
g

 tra
n

sp
a

re
n

t se
g

m
e

n
ts a

s u
n

d
e

rg
o

e
rs fills th

is slo
t

g
ive

n
 b

y th
e

 h
ie

ra
rch

y.  T
h

ird
, th

is a
n

a
lysis e

xp
la

in
s th

e
 g

e
n

e
ra

liza
tio

n
 th

a
t w

h
e

n
e

ve
r a

se
g

m
e

n
t b

e
h

a
ve

s tra
n

sp
a

re
n

t to
 n

a
sa

l sp
re

a
d

in
g

, a
ll se

g
m

e
n

ts m
o

re
 co

m
p

a
tib

le
 w

ith
n

a
sa

liza
tio

n
 u

n
d

e
rg

o
 sp

re
a

d
in

g
.  A

s n
o

te
d

 e
a

rlie
r, th

e
re

 is a
lso

 e
xte

rn
a

l e
vid

e
n

ce
 fo

r
strict lo

ca
lity fro

m
 th

e
 w

o
rk o

f re
se

a
rch

e
rs o

n
 o

th
e

r sp
re

a
d

in
g

 p
h

e
n

o
m

e
n

a
.  C

h
a

p
te

r 3
fo

cu
se

s o
n

 a
 m

e
a

n
s o

f d
e

rivin
g

 th
e

 su
rfa

ce
 o

ra
lity o

f ‘tra
n

sp
a

re
n

t’ se
g

m
e

n
ts w

h
ile

m
a

in
ta

in
in

g
 th

e
 a

ssu
m

p
tio

n
 o

f strict lo
ca

lity.  T
h

e
re

 it is d
e

m
o

n
stra

te
d

 th
a

t tra
n

sp
a

re
n

t
se

g
m

e
n

ts 
ca

n
 

b
e

 
ca

p
tu

re
d

 
u

n
d

e
r 

th
e

 
‘sym

p
a

th
y’ 

a
p

p
ro

a
ch

 
to

 
o

p
a

q
u

e
 

co
n

stra
in

t
in

te
ra

ctio
n

 (M
cC

a
rth

y 1
9

9
7

, w
ith

 d
e

ve
lo

p
m

e
n

ts b
y Itô

 a
n

d
 M

e
ste

r 1
9

9
7

a
, b

), a
m

e
ch

a
n

ism
 w

ith
 in

d
e

p
e

n
d

e
n

t m
o

tiva
tio

n
 in

 th
e

 th
e

o
ry.

2.2.3  T
he status of ‘transparent’ glottals

A
 b

rie
f w

o
rd

 a
b

o
u

t th
e

 sta
tu

s o
f g

lo
tta

ls (e
.g

. [
h
, /]) in

 n
a

sa
l h

a
rm

o
n

y is re
q

u
ire

d
.  In

 th
e

tra
n

scrip
tio

n
 o

f th
e

se
 se

g
m

e
n

ts w
ith

in
 n

a
sa

l h
a

rm
o

n
y sp

a
n

s, I h
a

ve
 m

a
rke

d
 th

e
m

 a
s

n
a

sa
lize

d
.  In

te
rp

re
tin

g
 th

e
 a

rticu
la

to
ry co

rre
la

te
 o

f [+
n

a
sa

l] a
s a

 lo
w

e
re

d
 ve

lu
m

 a
n

d
 n

o
t
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n
e

ce
ssa

rily n
a

sa
l a

irflo
w

 (H
o

w
a

rd
 1

9
7

3
; C

o
h

n
 1

9
9

3
a

; W
a

lke
r a

n
d

 P
u

llu
m

 1
9

9
7

), th
e

p
h

o
n

e
tic n

a
sa

liza
tio

n
 o

f g
lo

tta
l se

g
m

e
n

ts w
ith

in
 n

a
sa

l sp
a

n
s is u

n
co

n
tro

ve
rsia

l (H
o

w
a

rd
1

9
7

3
; C

o
h

n
 1

9
9

0
, 1

9
9

3
a

; O
h

a
la

 1
9

9
0

; D
u

rie
 1

9
8

5
; L

a
d

e
fo

g
e

d
 a

n
d

 M
a

d
d

ie
so

n
 1

9
9

6
;

W
a

lke
r a

n
d

 P
u

llu
m

 1
9

9
7

).  Y
e

t th
e

 p
h

o
n

o
lo

g
ica

l n
a

sa
liza

tio
n

 o
f th

e
se

 se
g

m
e

n
ts h

a
s b

e
e

n
ca

lle
d

 in
to

 q
u

e
stio

n
 b

y C
o

h
n

 (1
9

9
0

, 1
9

9
3

a
).  W

a
lke

r a
n

d
 P

u
llu

m
 (1

9
9

7
), o

n
 th

e
 o

th
e

r
h

a
n

d
, a

rg
u

e
 th

a
t g

lo
tta

ls ca
n

 b
e

 n
a

sa
lize

d
 in

 th
e

 p
h

o
n

o
lo

g
y o

f a
 la

n
g

u
a

g
e

.
W

o
rkin

g
 in

 a
 fe

a
tu

re
-g

e
o

m
e

tric fra
m

e
w

o
rk, C

o
h

n
 te

n
ta

tive
ly su

g
g

e
sts th

a
t th

e
fe

a
tu

re
 [n

a
sa

l] is n
o

t p
h

o
n

o
lo

g
ica

lly re
le

va
n

t fo
r g

lo
tta

l se
g

m
e

n
ts.  T

o
 im

p
le

m
e

n
t th

is
p

ro
p

o
sa

l, sh
e

 p
ro

p
o

se
s th

a
t [n

a
sa

l] is a
 d

e
p

e
n

d
e

n
t o

f th
e

 su
p

ra
la

ryn
g

e
a

l n
o

d
e

 in
 se

g
m

e
n

t
stru

ctu
re

, a
 n

o
d

e
 th

a
t is a

b
se

n
t in

 g
lo

tta
ls a

n
d

 p
re

se
n

t in
 a

ll su
p

ra
la

ryn
g

e
a

l se
g

m
e

n
ts, a

s
illustrated in (30) (from

 C
ohn 1993a: 349).

(3
0

)
R

o
o

t
    r

1
    Laryngeal   S

upralaryngeal
 1

i
           P

lace      [nasal]

W
ith

 
th

is 
m

o
d

e
l 

o
f 

se
g

m
e

n
ta

l 
stru

ctu
re

, 
sp

re
a

d
in

g
 

o
f 

[+
n

a
sa

l] 
w

ill 
ta

rg
e

t 
o

n
ly

su
p

ra
la

ryn
g

e
a

l se
g

m
e

n
ts (i.e

. th
o

se
 w

ith
 a

 su
p

ra
la

ryn
g

e
a

l n
o

d
e

), a
n

d
 g

lo
tta

l se
g

m
e

n
ts

w
ill b

e
 skip

p
e

d
.  T

h
e

 lo
ca

lity a
ssu

m
e

d
 h

e
re

, w
h

e
re

 a
d

ja
ce

n
cy is re

la
tivize

d
 to

 tie
rs, is

sta
n

d
a

rd
 fo

r fe
a

tu
re

-g
e

o
m

e
tric a

cco
u

n
ts.  U

n
d

e
r th

is vie
w

, g
a

p
p

in
g

 o
f [+

n
a

sa
l] fe

a
tu

re
lin

ka
g

e
 is a

llo
w

e
d

 a
cro

ss a
 g

lo
tta

l se
g

m
e

n
t p

ro
vid

e
d

 th
e

 fe
a

tu
re

 is a
sso

cia
te

d
 to

 a
d

ja
ce

n
t

su
p

ra
la

ryn
g

e
a

l n
o

d
e

s.  C
o

h
n

’s p
ro

p
o

sa
l a

ch
ie

ve
s th

e
 o

u
tco

m
e

 th
a

t g
lo

tta
ls w

ill n
o

t
b

lo
ck n

a
sa

l sp
re

a
d

in
g

, a
s is g

e
n

e
ra

lly tru
e

 o
f n

a
sa

l h
a

rm
o

n
y p

a
tte

rn
s (a

lth
o

u
g

h
 a

 fe
w

la
n

g
u

a
g

e
s w

ith
 b

lo
ckin

g
 b

y g
lo

tta
ls a

re
 d

iscu
sse

d
 in

 se
ctio

n
 2

.4
).  T

o
 p

ro
d

u
ce

 th
e

p
h

o
n

e
tic n

a
sa

liza
tio

n
 o

f g
lo

tta
l se

g
m

e
n

ts in
 n

a
sa

l h
a

rm
o

n
y sp

a
n

s, sh
e

 d
ra

w
s o

n
 a

se
p

a
ra

te
 le

ve
l o

f p
h

o
n

e
tic im

p
le

m
e

n
ta

tio
n

.
W

a
lke

r a
n

d
 P

u
llu

m
 (1

9
9

7
) a

rg
u

e
 fo

r a
 d

iffe
re

n
t vie

w
 in

 w
h

ich
 g

lo
tta

l se
g

m
e

n
ts

ca
n

 b
e

 n
a

sa
lize

d
 in

 p
h

o
n

o
lo

g
ica

l re
p

re
se

n
ta

tio
n

s.  W
a

lke
r a

n
d

 P
u

llu
m

 n
o

te
 th

a
t stro

n
g

e
vid

e
n

ce
 fo

r th
e

 p
o

ssib
ility o

f p
h

o
n

o
lo

g
ica

lly n
a

sa
lize

d
 g

lo
tta

ls is p
ro

vid
e

d
 b

y in
sta

n
ce

s
o

f la
n

g
u

a
g

e
s w

ith
 a

 p
h

o
n

e
m

ic n
a

sa
l g

lo
tta

l co
n

tin
u

a
n

t ([
h
)] in

 K
w

a
n

g
a

li, A
ra

b
e

la
). 12

F
u

rth
e

r su
p

p
o

rt co
m

e
s fro

m
 th

e
 fin

d
in

g
 th

a
t n

a
sa

l sp
re

a
d

in
g

 is strictly lo
ca

l, a
s n

o
te

d
 b

y
W

a
lke

r (1
9

9
6

) a
n

d
 a

rg
u

e
d

 fo
r in

 th
is ch

a
p

te
r.  T

h
e

 skip
p

in
g

 a
p

p
ro

a
ch

 su
g

g
e

ste
d

 b
y

1
2  O

n
 th

e
 p

o
ssib

ility o
f a

 p
h

o
n

e
m

ic n
a

sa
l g

lo
tta

l sto
p

 se
e

 W
a

lke
r a

n
d

 P
u

llu
m

 (1
9

9
7

); N
í C

h
io

sá
in

a
n

d
 P

a
d

g
e

tt (1
9

9
7

) a
lso

 p
ro

vid
e

 in
sig

h
tfu

l d
iscu

ssio
n

 o
n

 th
is issu

e
.
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C
o

h
n

 w
o

u
ld

 se
e

m
 to

 u
n

d
e

rm
in

e
 th

is cla
im

 co
n

ce
rn

in
g

 lo
ca

lity; h
o

w
e

ve
r, W

a
lke

r a
n

d
P

u
llu

m
 o

b
se

rve
 th

a
t th

e
re

 is n
o

 re
a

so
n

 to
 p

o
sit g

lo
tta

ls a
s skip

p
e

d
.  T

h
e

 e
xiste

n
ce

 o
f

p
h

o
n

e
m

ic n
a

sa
l g

lo
tta

ls sh
o

w
s th

a
t [n

a
sa

l] m
u

st b
e

 a
llo

w
e

d
 in

 th
e

 p
h

o
n

o
lo

g
ica

l
re

p
re

se
n

ta
tio

n
 o

f th
e

 cla
ss o

f g
lo

tta
l se

g
m

e
n

ts, a
n

d
 co

n
se

q
u

e
n

tly, th
e

y n
e

ith
e

r ca
n

 n
o

r
sh

o
u

ld
 b

e
 e

xclu
d

e
d

 fro
m

 th
e

 se
t o

f p
o

ssib
le

 ta
rg

e
ts o

f n
a

sa
liza

tio
n

.  T
h

e
 p

re
se

n
t a

cco
u

n
t

d
o

e
s 

n
o

t 
se

e
k 

to
 

a
ch

ie
ve

 
e

xp
la

n
a

tio
n

 
th

ro
u

g
h

 
fe

a
tu

re
-g

e
o

m
e

tric 
stru

ctu
re

s, 
th

e
re

p
re

se
n

ta
tio

n
a

l a
ssu

m
p

tio
n

s a
re

 ra
th

e
r th

a
t [n

a
sa

l] m
a

y b
e

 lin
ke

d
 to

 a
n

y se
g

m
e

n
t;

skip
p

in
g

 is n
o

t a
n

 o
p

tio
n

, a
n

d
 if a

 se
g

m
e

n
t fa

ils to
 b

e
 p

e
rm

e
a

te
d

 in
 n

a
sa

l sp
re

a
d

in
g

, its
o

n
ly a

lte
rn

a
tive

 is to
 b

lo
ck, a

s d
rive

n
 b

y fe
a

tu
re

 co
o

ccu
rre

n
ce

 co
n

stra
in

ts.  W
e

 m
a

y th
u

s
co

n
clu

d
e

 th
a

t g
lo

tta
l se

g
m

e
n

ts fu
lly p

a
rticip

a
te

 in
 n

a
sa

l sp
re

a
d

in
g

 in
 la

n
g

u
a

g
e

s w
h

e
re

th
e

y d
o

 n
o

t b
lo

ck.  T
h

e
 cro

ss-lin
g

u
istic p

a
tte

rn
in

g
 o

f g
lo

tta
ls in

 n
a

sa
l h

a
rm

o
n

y is
d

iscu
sse

d
 in

 th
e

 re
vie

w
 o

f th
e

 d
a

ta
b

a
se

 fin
d

in
g

s in
 se

ctio
n

 2
.4

.  T
h

e
re

 it is n
o

te
d

 th
a

t
g

lo
tta

l se
g

m
e

n
ts a

re
 typ

ica
lly g

ro
u

p
e

d
 w

ith
 th

e
 vo

co
id

s in
 te

rm
s o

f th
e

ir co
m

p
a

tib
ility

w
ith

 n
a

sa
liza

tio
n

; h
o

w
e

ve
r, th

e
ir b

lo
ckin

g
 b

e
h

a
vio

r in
 a

 fe
w

 la
n

g
u

a
g

e
s su

g
g

e
sts th

a
t in

so
m

e
 

ca
se

s 
th

e
y 

m
a

y 
b

e
 

p
h

o
n

o
lo

g
ica

lly 
cla

ssifie
d

 
a

s 
o

b
stru

e
n

ts. 
 

T
h

e
 

ro
le

 
o

f
perceptibility of nasalization in som

e instances of glottal blocking is also discussed.
F

in
a

lly, it is w
o

rth
 p

o
in

tin
g

 o
u

t th
a

t g
lo

tta
l sto

p
s in

 n
a

sa
l h

a
rm

o
n

y p
ro

vid
e

 a
n

in
te

re
stin

g
 e

xa
m

p
le

 w
h

e
re

 a
 se

g
m

e
n

t u
n

d
e

rg
o

e
s n

a
sa

l sp
re

a
d

in
g

 e
ve

n
 th

o
u

g
h

 th
e

re
 is n

o
p

e
rce

p
tu

a
l cu

e
 to

 th
e

 n
a

sa
liza

tio
n

 o
n

 th
e

 se
g

m
e

n
t itse

lf.  In
 th

is ca
se

, th
e

 a
b

se
n

ce
 o

f
p

e
rce

p
tib

le
 n

a
sa

liza
tio

n
 d

o
e

s n
o

t m
e

a
n

 th
a

t [+
n

a
sa

l] h
a

s fa
ile

d
 to

 b
e

 re
a

lize
d

 d
u

rin
g

 th
e

se
g

m
e

n
t; th

e
 p

ro
p

e
rty o

f h
a

vin
g

 a
 lo

w
e

re
d

 ve
lu

m
 sim

p
ly h

a
s n

o
 a

co
u

stic e
ffe

ct w
h

e
n

th
e

re
 is a

 co
m

p
le

te
 clo

su
re

 a
t th

e
 g

lo
ttis.  T

h
is kin

d
 o

f tra
n

sp
a

re
n

cy is th
u

s o
n

e
 w

h
e

re
ca

rryin
g

 a
 fe

a
tu

re
 th

ro
u

g
h

 a
 se

g
m

e
n

t h
a

s n
o

 a
co

u
stic co

n
se

q
u

e
n

ce
s, a

lth
o

u
g

h
 th

e
sp

re
a

d
in

g
 fe

a
tu

re
 is h

ig
h

ly co
m

p
a

tib
le

 fro
m

 a
n

 a
rticu

la
to

ry p
e

rsp
e

ctive
 w

ith
 th

e
 ta

rg
e

t
se

g
m

e
n

t.  T
h

is kin
d

 o
f false tra

n
sp

a
re

n
cy ca

n
 b

e
 d

istin
g

u
ish

e
d

 fro
m

 ca
se

s o
f 

tru
e

tra
n

sp
a

re
n

cy, w
h

e
re

 a
 se

g
m

e
n

t th
a

t is h
ig

h
ly in

co
m

p
a

tib
le

 w
ith

 a
 sp

re
a

d
in

g
 fe

a
tu

re
b

e
h

a
ve

s tra
n

sp
a

re
n

t, i.e
. th

e
 ca

se
 o

f tra
n

sp
a

re
n

t o
b

stru
e

n
ts in

 n
a

sa
l h

a
rm

o
n

y.  T
h

e
se

d
iffe

re
n

t kin
d

s o
f tra

n
sp

a
re

n
cy w

ill b
e

 d
iscu

sse
d

 fu
rth

e
r in

 ch
a

p
te

r 3
.

2
.3

Interaction of the hierarchy w
ith m

ultiple constraints
In

 se
ctio

n
 2

.2
.2

, cro
ss-lin

g
u

istic e
vid

e
n

ce
 fo

r th
e

 n
a

sa
liza

tio
n

 co
n

stra
in

t h
ie

ra
rch

y w
a

s
p

re
se

n
te

d
.  It w

a
s d

e
m

o
n

stra
te

d
 th

a
t th

e
 n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

t co
u

ld
 o

ccu
r ra

n
ke

d
a

t d
iffe

re
n

t p
o

in
ts in

 th
e

 h
ie

ra
rch

y in
 d

iffe
re

n
t la

n
g

u
a

g
e

s.  T
h

e
 fixe

d
 ra

n
kin

g
 o

f th
e

co
n

stra
in

ts in
 th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y a

lso
 m

a
ke

s th
e

 p
re

d
ictio

n
 th

a
t d

iffe
re

n
t
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co
n

stra
in

ts m
a

y b
e

 ra
n

ke
d

 a
t se

p
a

ra
te

 p
o

in
ts in

 th
e

 h
ie

ra
rch

y in
 th

e
 sa

m
e

 la
n

g
u

a
g

e
.  I

w
ill now

 briefly exam
ine tw

o such cases.
T

he first exam
ple is found in E

pena P
edee, a C

hoco language spoken in C
olom

bia
d

e
scrib

e
d

 b
y H

a
rm

s (1
9

8
5

, 1
9

9
4

).  E
p

e
n

a
 P

e
d

e
e

 h
a

s tw
o

 se
p

a
ra

te
 n

a
sa

l h
a

rm
o

n
y

p
h

e
n

o
m

e
n

a
.  It e

xh
ib

its a
 rig

h
tw

a
rd

 sp
re

a
d

in
g

 trig
g

e
re

d
 b

y a
 n

a
sa

l vo
w

e
l.  T

h
is

rig
h

tw
a

rd
 sp

re
a

d
in

g
 n

a
sa

lize
s vo

w
e

ls, g
lo

tta
ls, g

lid
e

s, a
n

d
 liq

u
id

s.  It is b
lo

cke
d

 b
y

vo
ice

d
 a

n
d

 vo
ice

le
ss sto

p
s, frica

tive
s, a

n
d

 th
e

 trill.  In
 a

d
d

itio
n

 to
 th

is rig
h

tw
a

rd
sp

re
a

d
in

g
, th

e
re

 is a
 re

g
re

ssive
 n

a
sa

l sp
re

a
d

in
g

 w
ith

in
 th

e
 sylla

b
le

 th
a

t n
a

sa
lize

s th
e

o
n

se
t to

 a
 n

a
sa

l vo
w

e
l (a

ll sylla
b

le
s in

 E
p

e
n

a
 P

e
d

e
e

 a
re

 o
p

e
n

).  T
h

is p
ro

d
u

ce
s

n
a

sa
liza

tio
n

 o
f a

ll se
g

m
e

n
ts e

xce
p

t vo
ice

le
ss sto

p
s.  V

o
ice

d
 sto

p
s in

 o
n

se
ts n

a
sa

lize
 to

b
e

co
m

e
 fu

lly n
a

sa
l sto

p
s.  H

a
rm

s p
o

in
ts o

u
t th

a
t E

p
e

n
a

 P
e

d
e

e
 h

a
s th

re
e

 d
istin

ctive
 se

rie
s

o
f sto

p
s: vo

ice
d

, vo
ice

le
ss u

n
a

sp
ira

te
d

, a
n

d
 vo

ice
le

ss a
sp

ira
te

d
.  V

o
ice

d
 o

ra
l a

n
d

 n
a

sa
l

sto
p

s b
o

th
 o

ccu
r in

 th
e

 o
u

tp
u

ts o
f th

e
 la

n
g

u
a

g
e

s b
u

t in
 a

 n
o

n
-co

n
tra

stive
 d

istrib
u

tio
n

:
n

a
sa

l sto
p

s o
ccu

r o
n

ly in
 th

e
 o

n
se

t to
 a

 n
a

sa
l vo

w
e

l a
n

d
 vo

ice
d

 o
ra

l sto
p

s o
ccu

r
e

lse
w

h
e

re
.  T

h
e

 n
a

sa
l sp

re
a

d
in

g
 is illu

stra
te

d
 in

 (3
1

).  N
o

te
 th

a
t o

b
stru

e
n

ts a
t th

e
 e

d
g

e
 o

f
a nasal span are prenasalized.  U

nderlying form
s show

n here follow
 H

arm
s (1985).

(31)
E

p
e

n
a

 P
e

d
e

e

a. 
/p

eRo
)Ra/ 

[p
e
R‚o

)R‚a
)]

‘g
u

a
g

u
a

 (a
 g

ro
u

n
d

h
o

g
-like

 a
n

im
a

l)’

b
.

/µ
)b
µ

si/ 
[/µ

) m
b
µ

si]
‘n

e
ck’

c.
/b

e)d
ew

e/
[m

e
)<d

e
w

e
]

‘b
lin

d
 sn

a
ke

’
d

.
/w

a)h
id

a/
[w

)a
)h
)i ‚<d

a
]

‘th
e

y w
e

n
t’ (g

o
+

p
a

st+
p

lu
ra

l)
e.

/k
Hi ‚sia/

[k
Hi ‚<si´

]
‘th

in
k’

f.
/h

o
)p
He/

[h
)o
) m

p
He

]
‘a

 sp
e

cie
s o

f fish
’

g
.

/w
a)itHee/

[w
)a)i ‚<tHe

e
]

 
‘g

o
’ (fu

tu
re

)
h

.
/d

a)w
e/

[n
a
)w

)e
)]

‘m
o

th
e

r’
i.

/b
i ‚b

i ‚ajaa/ 
[m

i ‚m
i ‚́

)̄
a
)a
)]

‘w
o

rk a
 lo

t’ 1
3

j.
/k

Hµ
Rµ

d
a
)/ 

[k
Hµ

Rµ
n
a
)]

‘e
e

l’
k.

/h
eb

e)d
e)/

[h
e
m

e
)n
e
)]

‘to
 p

la
y’

l.
/h

e)saa)/
[h

)e
)s)a

)a
)]

‘stin
g

in
g

 a
n

t’

In
te

re
stin

g
ly, th

e
 tw

o
 n

a
sa

l h
a

rm
o

n
y p

h
e

n
o

m
e

n
a

 o
f E

p
e

n
a

 P
e

d
e

e
 d

iffe
r in

 th
e

ir
d

e
g

re
e

 o
f stre

n
g

th
.  T

h
e

 rig
h

tw
a

rd
 n

a
sa

l sp
re

a
d

in
g

 n
a

sa
lize

s so
n

o
ra

n
ts b

u
t is b

lo
cke

d
 b

y

1
3  H

a
rm

s g
ive

s th
e

 n
a

sa
l in

 th
is w

o
rd

 a
s [n

], b
u

t h
is d

e
scrip

tio
n

 o
f se

g
m

e
n

ta
l a

lte
rn

a
tio

n
s p

re
d

icts th
a

t
it sh

o
u

ld
 b

e
 th

e
 p

a
la

ta
l n

a
sa

l, a
s I h

a
ve

 sh
o

w
n

 h
e

re
.
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o
b

stru
e

n
ts, w

h
ile

 th
e

 (le
ftw

a
rd

) n
a

sa
liza

tio
n

 w
ith

in
 th

e
 sylla

b
le

 n
a

sa
lize

s so
n

o
ra

n
ts a

n
d

o
b

stru
e

n
ts.  T

h
is in

d
ica

te
s th

a
t tw

o
 n

a
sa

l sp
re

a
d

in
g

 co
n

stra
in

ts a
re

 a
ctive

 in
 E

p
e

n
a

P
e

d
e

e
, o

n
e

 d
e

m
a

n
d

in
g

 n
a

sa
liza

tio
n

 w
ith

in
 th

e
 d

o
m

a
in

 o
f th

e
 sylla

b
le

, a
n

d
 th

e
 o

th
e

r
re

q
u

irin
g

 rig
h

tw
a

rd
 sp

re
a

d
in

g
 in

 th
e

 w
o

rd
.  T

o
 re

a
lize

 th
e

ir d
iffe

re
n

t stre
n

g
th

s, th
e

se
co

n
stra

in
ts w

ill b
e

 ra
n

ke
d

 a
t se

p
a

ra
te

 p
o

in
ts in

 th
e

 n
a

sa
liza

tio
n

 h
ie

ra
rch

y.  T
h

e
 sylla

b
le

sp
re

a
d

in
g

 co
n

stra
in

t m
u

st o
u

tra
n

k a
ll n

a
sa

liza
tio

n
 co

n
stra

in
ts, w

h
ile

 th
e

 rig
h

tw
a

rd
 n

a
sa

l
sp

re
a

d
in

g
 co

n
stra

in
t w

ill b
e

 d
o

m
in

a
te

d
 b

y co
n

stra
in

ts a
g

a
in

st n
a

sa
lize

d
 o

b
stru

e
n

ts.  T
h

e
outcom

e is illustrated in (32-33).

(3
2

)
B

lo
ckin

g
 o

f rig
h

t sp
re

a
d

in
g

 b
y a

n
 o

b
stru

e
n

t
   w

a
)h
id

a
S

P
R

E
A

D
([+

n
], σ

)
*N

A
S

O
B

SS
T

*N
A

S
F

R
IC

S
P

R
E

A
D-R

([+
n

], P
w

d
)

*N
A

S
L

IQ
U

ID
*N

A
S

G
LID

E
*N

A
S

V
O

W
E

L
*N

A
S

S
O

NS
T

☞
a

. [w
)a
)h
)i ‚]d

a
**

*
**

b
. [w

)a
)h
)i ‚d

)a
)]

*!
*

***

c. [w
)a
)]h

id
a

***!*
*

*
d

. w
[a

)]h
id

a
*!

****
*

(3
3

)
N

a
sa

liza
tio

n
 o

f a
n

 o
b

stru
e

n
t in

 sylla
b

le
-d

o
m

a
in

 sp
re

a
d

in
g

   h
e
)sa

a
)

S
P

R
E

A
D

([+
n

], σ
)

*N
A

S
O

B
SS

T
*N

A
S

F
R

IC
S

P
R

E
A

D-R
([+

n
], P

w
d

)
*N

A
S

L
IQ

U
ID

*N
A

S
G

LID
E

*N
A

S
V

O
W

E
L

*N
A

S
S

O
NS

T

☞
a

. [h
)e
)s)a

)a
)]

*
***

b
. [h

)e
)]s[a

)a
)]

*!
***

***

c. h
[e

)]s[a
)a
)]

*!*
***

***

T
h

e
 se

co
n

d
 e

xa
m

p
le

 o
f co

n
stra

in
ts ra

n
ke

d
 a

t se
p

a
ra

te
 p

o
in

ts in
 re

la
tio

n
 to

 th
e

n
a

sa
liza

tio
n

 h
ie

ra
rch

y co
m

e
s fro

m
 Ijo

 (W
illia

m
so

n
 1

9
6

5
, 1

9
6

9
b

, 1
9

8
7

).  T
h

e
 n

a
sa

l
h

a
rm

o
n

y p
a

tte
rn

 o
f Ijo

 w
a

s d
iscu

sse
d

 in
 se

ctio
n

 2
.1

: a
 n

a
sa

l sto
p

 o
r n

a
sa

l vo
w

e
l trig

g
e

rs
le

ftw
a

rd
 sp

re
a

d
 th

ro
u

g
h

 vo
w

e
ls, g

lid
e

s, a
n

d
 liq

u
id

s; o
b

stru
e

n
ts b

lo
ck n

a
sa

l sp
re

a
d

in
g

.
W

e
 h

a
ve

 e
sta

b
lish

e
d

 th
a

t th
is sp

re
a

d
in

g
 p

a
tte

rn
 co

m
e

s a
b

o
u

t b
y ra

n
kin

g
 a

 le
ftw

a
rd

 n
a

sa
l

sp
re

a
d

in
g

 co
n

stra
in

t b
e

tw
e

e
n

 *N
A

S
F

R
IC

A
T

IV
E

 a
n

d
 *N

A
S

L
IQ

U
ID

 in
 th

e
 n

a
sa

liza
tio

n
h

ie
ra

rch
y.  A

n
o

th
e

r b
re

a
k in

 th
e

 h
ie

ra
rch

y is n
e

e
d

e
d

 to
 o

b
ta

in
 n

a
sa

lity a
s a

 p
h

o
n

e
m

ic
p

ro
p

e
rty o

f n
a

sa
l sto

p
s a

n
d

 vo
w

e
ls.  T

h
is is a

ch
ie

ve
d

 b
y ra

n
kin

g
 I

D
E

N
T-IO

[+
n

a
sa

l] o
ve

r
*N

A
S

V
O

W
E

L a
n

d
 *N

A
S

S
O

N
S

T
O

P (se
e

 se
ctio

n
 1

.3
.3

 fo
r b

a
ckg

ro
u

n
d

 o
n

 th
is a

p
p

ro
a

ch
).

T
h

is p
ro

d
u

ce
s a

n
 o

u
tco

m
e

 in
 w

h
ich

 o
n

ly vo
w

e
ls a

n
d

 n
a

sa
l sto

p
s m

a
y trig

g
e

r n
a

sa
l

sp
re

a
d

in
g

.  A
n

 e
xa

m
p

le
 o

f n
a

sa
liza

tio
n

 trig
g

e
re

d
 b

y a
 n

a
sa

l vo
w

e
l is sh

o
w

n
 in

 (3
4

).
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A
fte

r M
cC

a
rth

y a
n

d
 P

rin
ce

 (1
9

9
5

: 2
8

0
), I u

se
 F

’[n
a

s] to
 in

d
ica

te
 th

e
 cla

ss o
f co

n
stra

in
ts

th
a

t d
isp

o
se

 o
f o

th
e

r p
o

ssib
le

 w
a

ys o
f sa

tisfyin
g

 n
a

sa
l sp

re
a

d
in

g
, fo

r e
xa

m
p

le
 th

ro
u

g
h

d
e

le
tio

n
 o

r d
e

n
a

sa
liza

tio
n

 o
f th

e
 n

a
sa

l trig
g

e
r se

g
m

e
n

t.
1

4

(3
4

)
N

asal vow
el triggers in Ijo

   sç
Rç

)
*N

A
S

O
B

SS
T

*N
A

S
F

R
IC

F
’

[nas]
S

P
R

E
A

D-L
([+

n
], P

w
d

)
*N

A
S

L
IQ

U
ID

*N
A

S
G

LID
E

ID
-IO

[+
n

a
s]

*N
A

S
V

O
W

E
L

*N
A

S
S

O
NS

T

☞
a

. s[ç
)R)ç

)]
*

*
**

b
. [s)ç

)R)ç
)]

*!
*

**
c. sç

R[ç
)]

**!*
*

d
. sç

Rç
*!

*

T
h

e
 ta

b
le

a
u

 in
 (3

5
) sh

o
w

s th
e

 o
p

e
ra

tio
n

 o
f th

e
 co

n
stra

in
t h

ie
ra

rch
y o

n
 a

n
 in

p
u

t
w

ith a nasalized liquid.  H
ere, the ranking of I

D
E

N
T-IO

[+
nasal] below

 *NA
S

L
IQ

U
ID

 w
ill

cause the liquid to surface as oral.

(35)
N

o ‘phonem
ic’ nasal liquids in Ijo

   R)a
*N

A
S

O
B

SS
T

*N
A

S
F

R
IC

F
’

[nas]
S

P
R

E
A

D-L
([+

n
], P

w
d

)
*N

A
S

L
IQ

U
ID

*N
A

S
G

LID
E

ID
E

N
T-

IO
[+

nas]
*N

A
S

V
O

W
E

L
*N

A
S

S
O

NS
T

a
. R)a

*!
☞

b
. Ra

*

M
o

re
 g

e
n

e
ra

lly o
n

 th
e

 su
b

je
ct o

f in
ve

n
to

rie
s, th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y p

re
d

icts
th

a
t in

ve
n

to
rie

s w
ill e

xh
ib

it th
e

 sa
m

e
 kin

d
s o

f im
p

lica
tio

n
s a

s sp
re

a
d

in
g

, th
a

t is, if a
n

a
sa

lize
d

 se
g

m
e

n
t o

ccu
rs in

 th
e

 in
ve

n
to

ry o
f a

 la
n

g
u

a
g

e
, a

ll m
o

re
 co

m
p

a
tib

le
 se

g
m

e
n

ts
w

ill a
lso

 h
a

ve
 n

a
sa

l co
u

n
te

rp
a

rts in
 th

e
 in

ve
n

to
ry a

n
d

 if a
 se

g
m

e
n

t h
a

s n
o

 n
a

sa
l

co
u

n
te

rp
a

rt in
 a

n
 in

ve
n

to
ry, a

ll le
ss co

m
p

a
tib

le
 se

g
m

e
n

ts w
ill a

lso
 o

ccu
r o

n
ly o

ra
l in

 th
e

in
ve

n
to

ry.  T
h

is m
a

y b
e

 m
o

d
u

la
te

d
, h

o
w

e
ve

r, b
y th

e
 d

e
m

a
n

d
s o

f co
n

tra
st (a

s w
ill b

e
d

iscu
sse

d
 in

 2
.4

).  F
o

r th
e

 m
o

st p
a

rt, in
ve

n
to

rie
s o

f th
e

 la
n

g
u

a
g

e
s o

f th
e

 w
o

rld
 b

e
a

r o
u

t
th

is p
re

d
ictio

n
 (se

e
 d

iscu
ssio

n
 in

 P
u

lle
yb

la
n

k 1
9

8
9

; C
o

h
n

 1
9

9
3

a
; F

e
rg

u
so

n
 1

9
6

3
, 1

9
7

5
p

ro
vid

e
s fo

u
n

d
a

tio
n

).  A
lm

o
st e

ve
ry la

n
g

u
a

g
e

 o
f th

e
 w

o
rld

 h
a

s n
a

sa
l sto

p
s a

s p
a

rt o
f its

1
4  G

ive
n

 th
a

t sp
re

a
d

in
g

 o
u

tra
n

ks I
D

E
N

T-IO
[+

n
a

sa
l], I a

ssu
m

e
 h

e
re

 th
a

t d
e

n
a

sa
liza

tio
n

 o
f th

e
 n

a
sa

l
trig

g
e

r m
u

st a
lw

a
ys vio

la
te

 so
m

e
th

in
g

 o
th

e
r th

a
n

 ju
st I

D
E

N
T-IO

[+
n

a
sa

l].  T
h

is is p
a

rt o
f a

 g
e

n
e

ra
l

q
u

e
stio

n
 o

f w
h

y sp
re

a
d

in
g

 ca
n

 n
e

ve
r b

e
 sa

tisfie
d

 b
y sim

p
ly d

e
le

tin
g

 th
e

 fe
a

tu
re

 to
 b

e
 sp

re
a

d
.  T

h
e

m
a

tte
r is o

n
e

 th
a

t I w
ill le

a
ve

 fo
r fu

rth
e

r re
se

a
rch

.
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in
ve

n
to

ry 
(9

7
%

; 
U

P
S

ID
; 

M
a

d
d

ie
so

n
 

1
9

8
4

).
1

5  D
istin

ctive
ly n

a
sa

l vo
w

e
ls o

ccu
r

co
n

sid
e

ra
b

ly le
ss fre

q
u

e
n

tly (in
 le

ss th
a

n
 2

5
%

 o
f th

e
 la

n
g

u
a

g
e

s in
 U

P
S

ID
).  N

a
sa

lize
d

co
n

tin
u

a
n

t co
n

so
n

a
n

ts a
re

 co
n

tra
stive

 in
 th

e
 in

ve
n

to
rie

s o
f la

n
g

u
a

g
e

s o
n

ly ra
re

ly.  In
th

o
se

 in
ve

n
to

rie
s w

ith
 n

a
sa

lize
d

 co
n

tin
u

a
n

ts, it is g
e

n
e

ra
lly th

e
 ca

se
 th

a
t th

e
 im

p
lica

tio
n

s
g

ive
n

 b
y th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y h

o
ld

s.  T
h

e
 im

p
lica

tio
n

 th
a

t th
e

 p
re

se
n

ce
 o

f n
a

sa
l

vo
w

e
ls w

ill im
p

ly n
a

sa
l sto

p
s w

a
s first n

o
te

d
 b

y F
e

rg
u

so
n

 (1
9

6
3

).  Ijo
 p

ro
vid

e
s a

n
e

xa
m

p
le

 o
f a

 la
n

g
u

a
g

e
 w

h
ich

 h
a

s d
istin

ctive
ly n

a
sa

lize
d

 vo
w

e
ls in

 its in
ve

n
to

ry a
s w

e
ll

a
s n

a
sa

l sto
p

s.
1

6  U
M

b
u

n
d

u
, a

 B
e

n
u

e
-C

o
n

g
o

 la
n

g
u

a
g

e
 o

f A
n

g
o

la
, is a

 m
o

re
 e

xtre
m

e
ca

se
.  U

M
b

u
n

d
u

 is n
o

te
d

 b
y S

ch
a

d
e

b
e

rg
 (1

9
8

2
) to

 h
a

ve
 a

 co
n

tra
stive

ly n
a

sa
lize

d
vo

ice
d

 frica
tive

 /v)/.  In
 a

d
d

itio
n

 to
 th

is, th
e

 in
ve

n
to

ry o
f th

is la
n

g
u

a
g

e
 h

a
s n

a
sa

l sto
p

s,
n

a
sa

l vo
w

e
ls, a

 n
a

sa
l g

lo
tta

l, n
a

sa
l g

lid
e

, a
n

d
 n

a
sa

l liq
u

id
.

1
7  In

 a
 su

rve
y o

f th
e

 sta
tu

s o
f

n
a

sa
lize

d
 co

n
tin

u
a

n
ts, C

o
h

n
 (1

9
9

3
a

) n
o

te
s th

a
t th

e
 la

n
g

u
a

g
e

s w
ith

 n
a

sa
lize

d
 co

n
tin

u
a

n
t

co
n

so
n

a
n

ts (in
clu

d
in

g
 n

a
sa

lize
d

 g
lid

e
s) d

o
 n

o
t a

lw
a

ys h
a

ve
 n

a
sa

l vo
w

e
ls.  C

o
h

n
 p

o
in

ts
o

u
t th

a
t so

m
e

 o
f th

e
se

 n
a

sa
lize

d
 se

g
m

e
n

ts e
m

e
rg

e
 th

ro
u

g
h

 h
isto

rica
l o

r syn
ch

ro
n

ic
w

e
a

ke
n

in
g

 o
f o

th
e

r n
a

sa
lize

d
 se

g
m

e
n

ts, su
ch

 a
s p

a
la

ta
l o

r ve
la

r n
a

sa
ls, re

ca
llin

g
 p

a
tte

rn
s

d
iscu

sse
d

 b
y T

rig
o

 (1
9

8
8

).  T
h

is is a
 p

ro
m

isin
g

 d
ire

ctio
n

 fo
r p

u
rsu

in
g

 a
n

 u
n

d
e

rsta
n

d
in

g
o

f in
ve

n
to

ry a
sym

m
e

trie
s in

 th
e

 ca
se

 o
f n

a
sa

lize
d

 co
n

tin
u

a
n

t co
n

so
n

a
n

ts.

2
.4

A
ppendix: T

he nasal harm
ony database

2.4.1
S

um
m

ary and discussion
In

 th
is se

ctio
n

 I p
re

se
n

t a
 co

n
d

e
n

se
d

 ve
rsio

n
 o

f th
e

 d
a

ta
b

a
se

 o
f n

a
sa

l h
a

rm
o

n
y p

a
tte

rn
s.

T
h

is d
a

ta
b

a
se

 co
n

ta
in

s e
n

trie
s fo

r o
ve

r 7
5

 la
n

g
u

a
g

e
s.  A

n
 im

p
o

rta
n

t re
su

lt o
f th

is
co

m
p

re
h

e
n

sive
 

su
rve

y 
is 

th
a

t 
it 

sh
o

w
s 

th
a

t 
cro

ss-lin
g

u
istic 

va
ria

tio
n

 
o

b
e

ys 
th

e
h

ie
ra

rch
ica

l typ
o

lo
g

y o
f n

a
sa

l h
a

rm
o

n
y in

 (1
2

).  T
h

e
re

 a
lso

 p
ro

ve
s to

 b
e

 so
m

e
 in

te
re

stin
g

va
ria

b
ility in

 th
e

 ra
n

kin
g

 o
f g

lo
tta

ls a
n

d
 vo

ice
d

 sto
p

s ve
rsu

s vo
ice

le
ss frica

tive
s, w

h
ich

 is
d

iscu
sse

d
 b

e
lo

w
.

1
5  T

h
o

m
p

so
n

 a
n

d
 T

h
o

m
p

so
n

 1
9

7
2

 cite
 th

re
e

 la
n

g
u

a
g

e
 fa

m
ilie

s o
f th

e
 P

a
cific N

o
rth

w
e

st re
g

io
n

 so
m

e
m

e
m

b
e

rs o
f w

h
ich

 h
a

ve
 n

o
 n

a
sa

l in
 th

e
ir in

ve
n

to
ry: C

h
e

m
a

ku
a

n
, W

a
ka

sh
a

n
, a

n
d

 S
a

lish
a

n
.

1
6  F

o
r se

ve
ra

l A
m

a
zo

n
ia

n
 la

n
g

u
a

g
e

s, it h
a

s b
e

e
n

 o
b

se
rve

d
 b

y va
rio

u
s re

se
a

rch
e

rs th
a

t a
 p

h
o

n
e

m
ic

a
n

a
lysis o

f th
e

 la
n

g
u

a
g

e
 n

e
e

d
 o

n
ly p

o
sit n

a
sa

lity a
s ‘u

n
d

e
rlyin

g
’ o

n
 vo

w
e

ls.  H
o

w
e

ve
r, a

ll o
f th

e
se

la
n

g
u

a
g

e
s still a

d
m

it n
a

sa
l sto

p
s in

 th
e

 o
u

tp
u

t in
ve

n
to

ry, a
n

d
 it a

p
p

e
a

rs th
a

t o
n

ly e
co

n
o

m
y o

f
p

h
o

n
e

m
e

s e
xclu

d
e

s n
a

sa
l sto

p
s fro

m
 th

e
 ‘u

n
d

e
rlyin

g
’ in

ve
n

to
ry (a

s a
rg

u
e

d
 fo

r T
u

yu
ca

, vo
ice

d
o

b
stru

e
n

t sto
p

s m
u

st b
e

 in
clu

d
e

d
 in

 th
e

 in
ve

n
to

ry).  T
h

is issu
e

 b
e

co
m

e
s le

ss im
p

o
rta

n
t in

 th
e

 vie
w

 o
f

in
ve

n
to

rie
s u

n
d

e
r O

T
, a

s w
ill b

e
 se

e
n

 in
 ch

a
p

te
r 3

.
1

7  T
h

is co
n

ce
p

t o
f th

e
 U

M
b

u
n

d
u

 in
ve

n
to

ry is th
a

t p
ro

p
o

se
d

 b
y S

ch
a

d
e

b
e

rg
 (1

9
8

2
).  C

o
h

n
 (1

9
9

3
a

:
3

3
2

) su
g

g
e

sts a
n

 a
lte

rn
a

tive
 in

te
rp

re
ta

tio
n

 in
 w

h
ich

 n
a

sa
lity is a

 le
xica

l p
ro

p
e

rty o
f th

e
 la

st sylla
b

le
 o

f
th

e
 ste

m
 a

n
d

 n
a

sa
lize

d
 co

n
tin

u
a

n
ts a

re
 d

e
rive

d
.
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T
h

e
 d

a
ta

b
a

se
 a

sse
m

b
le

s su
b

sta
n

tia
l in

fo
rm

a
tio

n
 a

b
o

u
t e

a
ch

 la
n

g
u

a
g

e
, in

clu
d

in
g

th
e

 la
n

g
u

a
g

e
 n

a
m

e
, fa

m
ily, a

n
d

 lo
ca

tio
n

, th
e

 in
ve

n
to

ry o
f se

g
m

e
n

ts, th
e

 se
g

m
e

n
ts

trig
g

e
rin

g
 

n
a

sa
l 

sp
re

a
d

, 
b

lo
ckin

g
 

se
g

m
e

n
ts, 

d
e

scrip
tive

ly 
tra

n
sp

a
re

n
t 

se
g

m
e

n
ts,

n
a

sa
liza

b
le

 se
g

m
e

n
ts, p

ro
so

d
ic co

n
d

itio
n

s o
n

 b
lo

ckin
g

 o
r trig

g
e

rin
g

 se
g

m
e

n
ts, d

ire
ctio

n
o

f sp
re

a
d

in
g

, d
o

m
a

in
 o

f sp
re

a
d

in
g

, o
ccu

rre
n

ce
 o

f p
re

n
a

sa
liza

tio
n

, w
h

e
th

e
r n

a
sa

liza
tio

n
fu

n
ctio

n
s a

s a
 m

o
rp

h
e

m
e

, re
fe

re
n

ce
s, a

n
d

 a
n

y fu
rth

e
r re

la
te

d
 fa

cts.  A
 co

n
d

e
n

se
d

 ve
rsio

n
o

f th
e

 d
a

ta
b

a
se

 is a
p

p
e

n
d

e
d

 a
t th

e
 e

n
d

 o
f th

is se
ctio

n
.  In

fo
rm

a
tio

n
 in

clu
d

e
d

 in
 th

e
se

entries is as follow
s (organized by colum

ns in data presentation):

1.
L

a
n

g
u

a
g

e
: L

a
n

g
u

a
g

e
 n

a
m

e
, d

ia
le

ct, la
n

g
u

a
g

e
 fa

m
ily, a

n
d

 w
h

e
re

 sp
o

ke
n

.
2

.
T

riggers: S
egm

ents initiating nasal spreading.
3

.
T

h
ro

u
g

h
: S

e
g

m
e

n
ts p

ro
p

a
g

a
tin

g
 n

a
sa

liza
tio

n
, i.e

. th
o

se
 th

a
t a

re
 n

a
sa

lize
d

 o
r 

d
e

scrip
tive

ly tra
n

sp
a

re
n

t.
4

.
D

irection: D
irection of nasal spreading.

5
.

C
om

m
ents: D

etails related to nasal harm
ony in the language.

6
.

S
e

le
cte

d
 re

fe
re

n
ce

s.

N
a

sa
l sp

re
a

d
in

g
 p

a
tte

rn
s in

clu
d

e
d

 h
e

re
 a

re
 th

o
se

 in
 w

h
ich

 n
a

sa
lity sp

re
a

d
s a

cro
ss

syllables or nasalization targets nonvocalic segm
ents in the syllable.

18  T
he inform

ation is
b

a
se

d
 o

n
 m

y o
w

n
 e

xa
m

in
a

tio
n

 o
f p

rim
a

ry so
u

rce
 d

e
scrip

tio
n

s (w
h

e
re

ve
r p

o
ssib

le
).  In

a
d

d
itio

n
, th

re
e

 se
co

n
d

a
ry so

u
rce

s p
ro

vid
e

d
 sig

n
ifica

n
t fo

u
n

d
a

tio
n

a
l b

a
ckg

ro
u

n
d

 to
 th

is
re

se
a

rch
.  T

h
e

se
 a

re
 C

o
h

n
’s (1

9
9

3
c) su

rve
y o

f th
e

 sta
tu

s o
f th

e
 fe

a
tu

re
 [+

n
a

sa
l] a

cro
ss a

w
id

e
 ra

n
g

e
 o

f la
n

g
u

a
g

e
s a

n
d

 th
e

 su
rve

ys o
f n

a
sa

l sp
re

a
d

in
g

 re
p

o
rte

d
 in

 S
ch

o
u

ru
p

 (1
9

7
2

,
1

9
7

3
) a

n
d

 P
ig

g
o

tt (1
9

9
2

).  O
th

e
r im

p
o

rta
n

t se
co

n
d

a
ry so

u
rce

s in
clu

d
e

 C
o

u
rt (1

9
7

0
),

p
a

p
e

rs in
 F

e
rg

u
so

n
, H

ym
a

n
, a

n
d

 O
h

a
la

, e
d

s., (1
9

7
5

), A
n

d
e

rso
n

 (1
9

7
6

), H
a

rt (1
9

8
1

), va
n

d
e

r H
u

lst a
n

d
 S

m
ith

 (1
9

8
2

), B
e

d
d

o
r (1

9
8

3
), B

ivin
 (1

9
8

6
), K

a
w

a
sa

ki (1
9

8
6

), P
u

lle
yb

la
n

k
(1989), and papers in H

uffm
an and K

rakow
, eds., (1993).

T
h

e
 ce

n
tra

l fin
d

in
g

 o
f th

e
 su

rve
y is th

a
t va

ria
tio

n
 in

 n
a

sa
l h

a
rm

o
n

y a
cro

ss
la

n
g

u
a

g
e

s ve
rifie

s th
e

 im
p

lica
tio

n
a

l h
ie

ra
rch

y o
u

tlin
e

d
 in

 se
ctio

n
 2

.1
.  T

h
e

 stu
d

y fin
d

s
th

a
t if a

 se
g

m
e

n
t b

lo
cks n

a
sa

liza
tio

n
, a

ll se
g

m
e

n
ts le

ss co
m

p
a

tib
le

 b
y th

e
 n

a
sa

liza
tio

n
h

ie
ra

rch
y w

ill a
lso

 b
lo

ck n
a

sa
l sp

re
a

d
in

g
, a

n
d

 if a
 se

g
m

e
n

t u
n

d
e

rg
o

e
s n

a
sa

liza
tio

n
 o

r
b

e
h

a
ve

s tra
n

sp
a

re
n

t, a
ll se

g
m

e
n

ts m
o

re
 co

m
p

a
tib

le
 w

ith
 n

a
sa

lity w
ill u

n
d

e
rg

o
 n

a
sa

l
sp

re
a

d
in

g
.  T

ra
n

sp
a

re
n

cy e
ffe

cts a
re

 lim
ite

d
 to

 th
e

 cla
ss o

f o
b

stru
e

n
ts, th

a
t is, o

n
ly

1
8  A

 lo
n

g
-d

ista
n

ce
 n

a
sa

liza
tio

n
 p

a
tte

rn
 o

ccu
rrin

g
 in

 ce
rta

in
 B

a
n

tu
 la

n
g

u
a

g
e

s (A
o

 1
9

9
1

, O
d

d
e

n
 1

9
9

4
,

H
ym

a
n

 1
9

9
5

, P
ig

g
o

tt 1
9

9
6

) is d
iscu

sse
d

 in
 ch

a
p

te
r 6

.  I a
rg

u
e

 th
a

t th
e

se
 a

lte
rn

a
tio

n
s a

re
 e

xa
m

p
le

s o
f

co
o

ccu
rre

n
ce

 e
ffe

cts, n
o

t n
a

sa
l sp

re
a

d
in

g
.
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o
b

stru
e

n
ts h

a
ve

 e
ve

r b
e

e
n

 sh
o

w
n

 to
 su

rfa
ce

 a
s o

ra
l w

ith
in

 a
 n

a
sa

l h
a

rm
o

n
y sp

a
n

; o
th

e
r

se
g

m
e

n
ts b

e
co

m
e

 n
a

sa
lize

d
 in

 th
is co

n
te

xt.  O
b

stru
e

n
ts a

re
 a

lso
 th

e
 cla

ss fo
r w

h
ich

 th
e

re
is n

o
 e

xa
m

p
le

 o
f n

a
sa

liza
tio

n
 o

f a
ll se

g
m

e
n

ts.  F
illin

g
 th

is g
a

p
 m

o
tiva

te
s th

e
 cla

im
 th

a
t

tra
n

sp
a

re
n

t se
g

m
e

n
ts sh

o
u

ld
 b

e
 u

n
d

e
rsto

o
d

 a
s ta

rg
e

ts o
f n

a
sa

l sp
re

a
d

in
g

, so
 th

a
t a

la
n

g
u

a
g

e
 w

ith
 n

a
sa

liza
tio

n
 o

f a
ll se

g
m

e
n

ts e
xce

p
t so

m
e

 tra
n

sp
a

re
n

t o
b

stru
e

n
ts a

ctu
a

lly
co

rre
sp

o
n

d
s to

 a
 la

n
g

u
a

g
e

 in
 w

h
ich

 a
ll se

g
m

e
n

ts u
n

d
e

rg
o

 n
a

sa
l h

a
rm

o
n

y.  W
e

 th
e

re
b

y
d

e
rive

 a
 co

m
p

le
te

 typ
o

lo
g

y in
 w

h
ich

 a
ll va

ria
n

ts a
re

 a
tte

ste
d

.
T

h
e

 
im

p
lica

tio
n

a
l 

h
ie

ra
rch

y 
d

e
fin

e
d

 
five

 
b

a
sic 

p
a

tte
rn

s 
o

f 
n

a
sa

liza
tio

n
,

co
rre

sp
o

n
d

in
g

 to
 e

a
ch

 ste
p

 in
 th

e
 h

ie
ra

rch
y o

f se
g

m
e

n
ta

l cla
sse

s (e
xclu

d
in

g
 p

a
tte

rn
s in

w
h

ich
 n

o
 se

g
m

e
n

ts u
n

d
e

rg
o

 n
a

sa
l sp

re
a

d
in

g
).  A

 su
m

m
a

ry o
f th

e
 la

n
g

u
a

g
e

s in
 th

e
d

a
ta

b
a

se
 co

rre
sp

o
n

d
in

g
 to

 e
a

ch
 o

f th
e

se
 va

ria
n

ts is g
ive

n
 in

 (3
6

) b
e

lo
w

 w
ith

 sh
a

d
e

d
p

o
rtio

n
s o

f th
e

 h
ie

ra
rch

y id
e

n
tifyin

g
 cla

sse
s o

f se
g

m
e

n
ts w

h
ich

 b
lo

ck n
a

sa
l sp

re
a

d
.

P
o

rtio
n

s o
f th

e
 h

ie
ra

rch
y w

h
ich

 a
re

 n
o

t sh
a

d
e

d
 id

e
n

tify cla
sse

s o
f se

g
m

e
n

ts w
h

ich
n

a
sa

liza
tio

n
 sp

re
a

d
s th

ro
u

g
h

.  T
h

e
se

 se
g

m
e

n
ts e

ith
e

r b
e

co
m

e
 n

a
sa

lize
d

 o
r b

e
h

a
ve

tra
n

sp
a

re
n

t.  In
 a

 fe
w

 ca
se

s. o
n

ly a
 p

o
rtio

n
 o

f a
 cla

ss o
f se

g
m

e
n

ts a
re

 p
e

rm
e

a
te

d
 b

y
n

a
sa

liza
tio

n
, in

 w
h

ich
 ca

se
 th

e
 cla

ss is n
o

t sh
a

d
e

d
.  T

h
e

se
 fin

e
r-g

ra
in

e
d

 in
sta

n
ce

s a
re

d
iscu

sse
d

 b
e

lo
w

 a
n

d
 a

re
 d

e
ta

ile
d

 in
 th

e
 d

a
ta

b
a

se
 in

 2
.4

.2
.  N

o
te

 th
a

t th
e

 g
lo

tta
ls

ca
te

g
o

ry h
a

s b
e

e
n

 a
d

d
e

d
 h

e
re

 b
e

tw
e

e
n

 th
e

 cla
sse

s o
f vo

w
e

ls a
n

d
 g

lid
e

s.  In
 th

e
 m

a
jo

rity
o

f la
n

g
u

a
g

e
s in

 w
h

ich
 vo

co
id

s u
n

d
e

rg
o

 n
a

sa
liza

tio
n

, g
lo

tta
ls d

o
 n

o
t in

h
ib

it n
a

sa
l

sp
re

a
d

in
g

.  H
o

w
e

ve
r, th

e
 g

lo
tta

ls ca
te

g
o

ry is e
n

clo
se

d
 in

 p
a

re
n

th
e

se
s b

e
ca

u
se

 so
m

e
d

e
scrip

tio
n

s a
re

 n
o

t e
xp

licit o
n

 th
e

 b
e

h
a

vio
r o

f g
lo

tta
ls in

 n
a

sa
l h

a
rm

o
n

y, a
n

d
 th

e
re

 is a
t

le
a

st o
n

e
 in

sta
n

ce
 in

 w
h

ich
 g

lo
tta

ls b
lo

ck w
h

e
n

 g
lid

e
s u

n
d

e
rg

o
.  T

h
is sig

n
a

ls so
m

e
variability in the cross-linguistic com

patibility of glottals w
ith nasalization.

(36)
S

um
m

ary of languages in the five m
ain patterns of nasal harm

ony

i. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

9
 e

xa
m

p
le

s in
 d

a
ta

b
a

se
:

Language
D

ialect
F

am
ily

Location
B

a
ra

sa
n

o
N

o
rth

e
rn

T
u

ca
n

o
a

n
C

olom
bia

G
u

a
h

ib
o

G
uahibo-P

am
aguan C

olom
bia, B

razil
M

ixte
c

A
yu

tla
M

ixte
ca

n
M

e
xico

M
ixte

c
M

ixte
p

e
c

M
ixte

ca
n

M
e

xico
M

ixte
c

M
o

lin
o

s
M

ixte
ca

n
M

e
xico
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M
ixte

c
S

ila
ca

yo
a

p
a

n
M

ixte
ca

n
M

e
xico

O
tom

i 
P

am
e

O
to

p
a

m
e

a
n

M
e

xico
S

u
n

d
a

n
e

se
H

e
sp

e
ro

n
e

sia
n

In
d

o
n

e
sia

T
inrin

M
e

la
n

e
sia

n

ii. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

2
8

 e
xa

m
p

le
s in

 d
a

ta
b

a
se

:

Language
D

ialect
F

am
ily

Location
A

ce
h

n
e

se
H

e
sp

e
ro

n
e

sia
n

In
d

o
n

e
sia

A
g

u
a

ru
n

a
Jiva

ro
a

n
P

e
ru

A
rabela

Z
a

p
a

ro
a

n
P

e
ru

B
a

rib
a

V
oltaic

N
igeria

B
re

to
n

C
e

ltic
F

ra
n

ce
C

a
p

a
n

a
h

u
a

P
a

n
o

a
n

P
e

ru
C

h
in

a
n

te
c

T
e

p
e

to
tu

tla
C

h
in

a
n

te
ca

n
M

e
xico

D
a

ya
k

K
e

n
d

a
ya

n
In

d
o

n
e

sia
n

B
o

rn
e

o
D

a
ya

k
L

a
n

d
, B

u
ka

r S
a

d
o

n
g

 H
e

sp
e

ro
n

e
sia

n
In

d
o

n
e

sia
D

a
ya

k
L

a
n

d
, M

e&n
tu

In
d

o
n

e
sia

n
S

a
ra

w
a

k

D
a

ya
k

S
e

a
In

d
o

n
e

sia
n

S
a

ra
w

a
k

K
o

n
ka

n
i

In
d

o
-Ira

n
ia

n
In

d
ia

Lam
ani

In
d

o
-A

rya
n

In
d

ia
M

a
d

u
re

se
M

a
la

yo
-P

o
lyn

e
sia

n
In

d
o

n
e

sia
M

a
la

y
Jo

h
o

re
In

d
o

n
e

sia
n

M
a

la
ysia

M
a

la
y

U
lu M

uar
In

d
o

n
e

sia
n

M
a

la
ysia

M
a

ra
th

i
In

d
o

-A
rya

n
In

d
ia

M
a

xa
ka

li
(isolate)

B
razil

M
e

la
n

a
u

M
u

ka
h

A
u

stro
n

e
sia

n
S

a
ra

w
a

k
O

rejon
(after V

elie &
 V

elie)T
u

ca
n

o
a

n
P

e
ru

O
riya

C
o

llo
q

u
ia

l va
rie

ty
In

d
o

-A
rya

n
In

d
ia

R
e

ja
n

g
A

u
stro

n
e

sia
n

S
o

u
th

 S
u

m
a

tra
S

aram
accan

(creole)
S

urinam
S

e
n

e
ca

Iro
q

u
o

ia
n

C
anada, U

S
A

T
erena/o

A
ra

w
a

ka
n

B
razil

W
a

ra
o

(isolate)
V

enezuela, G
uyana
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U
ra

k L
a

w
o

i’
H

e
sp

e
ro

n
e

sia
n

T
hailand, M

alaysia
U

rd
u

In
d

o
-Ira

n
ia

n
P

a
kista

n
, In

d
ia

iii. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

15 exam
ples in database:

Language
D

ialect
F

am
ily

Location
E

d
o

K
w

a
N

igeria
E

n
g

lish
M

id
w

e
ste

rn
G

erm
anic

U
S

A
E

p
e

n
a

 P
e

d
e

e
C

h
o

co
C

olom
bia (R

 spreading)

E
p

e
ra

C
h

o
co

P
anam

a (cro
ss-m

o
rp

h
.)

E
w

e
/G

b
e

K
w

a     
G

hana, Togo, B
énin, N

igeria
H

indi
In

d
o

-Ira
n

ia
n

In
d

ia
, P

a
kista

n
Ijo

K
olokum

a
K

w
a

N
igeria

Iso
ko

O
zo

ro
K

w
a

N
igeria

K
a

ya
n

U
m

a Jum
an

A
u

stro
n

e
sia

n
S

a
ra

w
a

k
K

pelle
M

a
n

d
e

Liberia, G
uinea

M
a

n
d

a
n

S
io

u
a

n
U

S
A

S
p

a
n

ish
S

o
u

th
 C

a
stilia

n
R

o
m

a
n

ce
T

u
ca

n
o

T
u

ca
n

o
a

n
C

olom
bia (cro

ss-m
o

rp
h

.)

T
u

yu
ca

T
u

ca
n

o
a

n
C

olom
bia, B

razil (cross-m
o

r.)

U
rh

o
b

o
K

w
a

N
igeria

Y
o

ru
b

a
K

w
a

N
igeria

iv. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

4
 e

xa
m

p
le

s in
 d

a
ta

b
a

se
:

Language
D

ialect
F

am
ily

Location
E

n
n

e
m

o
r

S
em

itic
E

th
io

p
ia

Itsekeri
K

w
a

N
igeria

S
cottish G

aelic
A

pplecross
C

eltic
S

co
tla

n
d

U
M

b
u

n
d

u
B

e
n

u
e

-C
o

n
g

o
A

n
g

o
la
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v. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

2
9

 e
xa

m
p

le
s in

 d
a

ta
b

a
se

:

Language
D

ialect
F

am
ily

Location
A

p
in

a
yé

G
e

B
razil

B
a

ra
sa

n
o

N
o

rth
e

rn
T

u
ca

n
o

a
n

C
olom

bia (L spreading)
B

a
ra

sa
n

o
S

o
u

th
e

rn
T

u
ca

n
o

a
n

C
olom

bia
B

ribri
C

h
ib

ch
a

n
C

o
sta

 R
ica

C
a

b
é

ca
r

S
o

u
th

e
rn

C
h

ib
ch

a
n

C
a

b
é

ca
r

N
o

rth
e

rn
C

h
ib

ch
a

n
C

a
yu

va
va

B
olivia

C
u

b
e

o
T

u
ca

n
o

a
n

C
olom

bia
D

e
sa

n
o

T
u

ca
n

o
a

n
C

olom
bia, B

razil
E

p
e

n
a

 P
e

d
e

e
C

h
o

co
C

olom
bia (L spreading)

E
p

e
ra

C
h

o
co

P
anam

a (dom
ain: m

orph.)

G
b

e
ya

A
d

a
m

a
w

a
-E

a
ste

rn
C

e
n

tra
l A

frica
n

 R
e

p
u

b
lic

G
o

ka
n

a
B

e
n

u
e

-C
o

n
g

o
N

igeria
G

u
a

n
a

n
o

T
u

ca
n

o
a

n
C

olom
bia

G
uaraní

T
upí

P
araguay, B

razil, C
olom

bia
G

uaym
i

P
anam

a
Ig

b
o

O
h

u
h

u
Ig

b
o

N
igeria

Icua T
upí

T
upí-G

uaraní
B

razil
K

a
iw

á
T

upí-G
uaraní

B
razil

M
ixte

c
A

ta
tla

h
u

ca
M

ixte
ca

n
M

e
xico

M
ixte

c
C

o
a

tzo
sp

a
n

M
ixte

ca
n

M
e

xico
M

ixte
c

O
co

te
p

e
c

M
ixte

ca
n

M
e

xico
O

rejon
(after A

rnaiz)
T

u
ca

n
o

a
n

P
e

ru
P

arintintin
T

upí-G
uaraní

B
razil

S
hiriana

S
hirianian

V
enezuela, B

razil
S

iriano
T

u
ca

n
o

a
n

C
olom

bia, B
razil

T
a

tu
yo

T
u

ca
n

o
a

n
C

olom
bia

T
u

ca
n

o
T

u
ca

n
o

a
n

C
olom

bia (dom
ain: m

orph.)

T
u

yu
ca

T
u

ca
n

o
a

n
C

olom
bia, B

razil (dom
: m

or.)
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T
h

e
 a

b
o

ve
 su

m
m

a
ry sh

o
w

s th
a

t a
ll o

f th
e

 ca
se

s o
f n

a
sa

l h
a

rm
o

n
y e

xa
m

in
e

d
 ca

n
b

e
 cla

ssifie
d

 a
cco

rd
in

g
 to

 th
e

 h
ie

ra
rch

ica
l typ

o
lo

g
y.  It a

lso
 in

d
ica

te
s th

a
t so

m
e

 p
a

tte
rn

s
a

re
 m

o
re

 w
id

e
sp

re
a

d
 th

a
n

 o
th

e
rs.  N

a
sa

liza
tio

n
 o

f vo
co

id
s (a

n
d

 g
lo

tta
ls) is o

n
e

 o
f th

e
m

o
st co

m
m

o
n

 p
a

tte
rn

s, w
ith

 co
n

ce
n

tra
tio

n
s o

f la
n

g
u

a
g

e
s in

 th
e

 P
a

cific (A
u

stro
n

e
sia

n
fa

m
ily), In

d
ia

 (In
d

o
-Ira

n
ia

n
 fa

m
ily), a

n
d

 C
e

n
tra

l a
n

d
 S

o
u

th
 A

m
e

rica
.  A

 se
co

n
d

 co
m

m
o

n
p

a
tte

rn
 sp

re
a

d
s n

a
sa

liza
tio

n
 th

ro
u

g
h

 a
ll cla

sse
s o

f se
g

m
e

n
ts.  T

h
is p

a
tte

rn
 is fre

q
u

e
n

t in
th

e
 in

d
ig

e
n

o
u

s la
n

g
u

a
g

e
s o

f S
o

u
th

 a
n

d
 C

e
n

tra
l A

m
e

rica
, e

sp
e

cia
lly in

 th
e

 T
u

ca
n

o
a

n
 a

n
d

T
u

p
í-G

u
a

ra
n

í b
ra

n
ch

e
s o

f th
e

 A
m

a
zo

n
ia

n
 la

n
g

u
a

g
e

 fa
m

ily.  N
a

sa
liza

tio
n

 o
f ju

st th
e

 cla
ss

o
f so

n
o

ra
n

ts is so
m

e
w

h
a

t le
ss co

m
m

o
n

 b
u

t is n
e

ve
rth

e
le

ss w
e

ll-a
tte

ste
d

 in
 th

e
 K

w
a

la
n

g
u

a
g

e
s 

o
f 

N
ig

e
ria

 
a

n
d

 
in

 
th

e
 

cro
ss-m

o
rp

h
e

m
e

 
sp

re
a

d
in

g
 

p
a

tte
rn

 
o

f 
so

m
e

S
o

u
th

/C
e

n
tra

l A
m

e
rica

n
 la

n
g

u
a

g
e

s, a
s w

e
ll a

s in
 a

 sca
tte

rin
g

 o
f o

th
e

r la
n

g
u

a
g

e
s.  T

h
e

ca
te

g
o

ry w
ith

 th
e

 le
a

st m
e

m
b

e
rs is th

e
 o

n
e

 in
 w

h
ich

 n
a

sa
liza

tio
n

 sp
re

a
d

s th
ro

u
g

h
so

n
o

ra
n

ts a
n

d
 frica

tive
s b

u
t is b

lo
cke

d
 b

y o
b

stru
e

n
t sto

p
s.  T

h
is su

g
g

e
sts th

a
t if th

e
d

e
m

a
n

d
 o

f n
a

sa
l h

a
rm

o
n

y is stro
n

g
 e

n
o

u
g

h
 to

 sp
re

a
d

 th
ro

u
g

h
 frica

tive
s, it g

e
n

e
ra

lly is
stro

n
g

 e
n

o
u

g
h

 to
 ta

rg
e

t sto
p

s a
s w

e
ll.

T
h

e
 re

p
o

rts o
f n

a
sa

lize
d

 frica
tive

s d
e

se
rve

 so
m

e
 co

m
m

e
n

t.  T
h

e
 d

a
ta

 in
 (6

)
sh

o
w

e
d

 n
a

sa
liza

tio
n

 o
f vo

ice
d

 a
n

d
 vo

ice
le

ss frica
tive

s in
 th

e
 A

p
p

le
cro

ss d
ia

le
ct o

f
S

co
ttish

 G
a

e
lic, fo

llo
w

in
g

 T
e

rn
e

s’s o
w

n
 re

p
o

rts o
n

 th
e

 b
a

sis o
f co

n
ta

ct w
ith

 G
a

e
lic

sp
e

a
ke

rs.  In
 a

 su
rve

y o
f o

ccu
rre

n
ce

s o
f n

a
sa

lize
d

 co
n

tin
u

a
n

ts, C
o

h
n

 (1
9

9
3

a
) cite

s th
re

e
o

th
e

r la
n

g
u

a
g

e
s re

p
o

rte
d

 to
 h

a
ve

 n
a

sa
lize

d
 frica

tive
s: W

a
ffa

 (P
a

p
u

a
n

, P
a

p
u

a
 N

e
w

G
u

in
e

a
; S

trin
g

e
r a

n
d

 H
o

tz 1
9

7
3

), U
M

b
u

n
d

u
 (N

ig
e

r-K
o

rd
o

fa
n

ia
n

, A
n

g
o

la
; S

ch
a

d
e

b
e

rg
1

9
8

2
) a

n
d

 Ig
b

o
 (N

ig
e

r-K
o

rd
o

fa
n

ia
n

, N
ig

e
ria

; G
re

e
n

 a
n

d
 Ig

w
e

 1
9

6
3

).  S
o

m
e

 o
th

e
r

e
xa

m
p

le
s w

e
 m

a
y a

d
d

 in
clu

d
e

 E
p

e
n

a
 P

e
d

e
e

 (H
a

rm
s 1

9
8

5
), E

n
n

e
m

o
r (H

e
tzro

n
 a

n
d

M
a

rco
s 1

9
6

6
), a

n
d

 Ice
la

n
d

ic (P
é

tu
rsso

n
 1

9
7

3
 a

n
d

 E
in

a
rsso

n
 1

9
4

0
 cite

d
 b

y P
a

d
g

e
tt

1
9

9
5

c: 5
1

 n
. 3

2
).  Y

e
t O

h
a

la
 a

n
d

 O
h

a
la

 (1
9

9
3

) h
a

ve
 q

u
e

stio
n

e
d

 th
e

 p
o

ssib
ility o

f
n

a
sa

lizin
g

 frica
tive

s a
rticu

la
te

d
 fo

rw
a

rd
 o

f th
e

 ve
lu

m
.  T

h
e

y su
g

g
e

st th
a

t it is im
p

o
ssib

le
fo

r su
ch

 so
u

n
d

s to
 b

e
 p

ro
d

u
ce

d
 w

ith
 a

 lo
w

e
re

d
 ve

lu
m

, b
e

ca
u

se
 th

e
 o

p
e

n
 n

a
sa

l a
irw

a
y

w
ill p

re
ve

n
t th

e
 b

u
ild

-u
p

 o
f a

ir p
re

ssu
re

 in
 th

e
 o

ra
l ca

vity n
e

e
d

e
d

 to
 p

ro
d

u
ce

 th
e

ch
a

ra
cte

ristic frica
tive

 tu
rb

u
le

n
ce

 (1
9

9
3

: 2
2

7
-8

; se
e

 a
lso

 J. O
h

a
la

 1
9

7
5

 fo
r th

is cla
im

co
n

ce
rn

in
g

 vo
ice

d
 frica

tive
s).  C

e
rta

in
ly, th

e
re

 is a
 te

n
d

e
n

cy fo
r so

-ca
lle

d
 ‘vo

ice
d

frica
tive

s’ to
 b

e
 p

ro
d

u
ce

d
 a

s frictio
n

le
ss co

n
tin

u
a

n
ts u

n
d

e
r n

a
sa

liza
tio

n
 (O

h
a

la
 1

9
8

3
;

P
icke

tt 1
9

8
0

).  H
o

w
e

ve
r, th

e
re

 is g
o

o
d

 su
p

p
o

rt fo
r th

e
 o

ccu
rre

n
ce

 o
f n

a
sa

lize
d

 frica
tive

s
in

 so
m

e
 la

n
g

u
a

g
e

s.  D
e

scrip
tio

n
s o

f E
p

e
n

a
 P

e
d

e
e

 a
n

d
 Ice

la
n

d
ic a

re
 e

xp
licit in

 cla
im

in
g

th
a

t n
a

sa
l a

irflo
w

 is m
a

in
ta

in
e

d
 d

u
rin

g
 th

e
 frica

tive
.  L

a
d

e
fo

g
e

d
 a

n
d

 M
a

d
d

ie
so

n
’s

re
vie

w
 o

f th
e

 to
p

ic fin
d

s th
a

t ‘th
e

re
 is g

o
o

d
 e

vid
e

n
ce

 th
a

t a
 n

a
sa

lize
d

 frica
tive

 o
ccu

rs in
U

M
b

u
n

d
u

’ (1
9

9
6

: 1
3

4
).  T

h
is se

g
m

e
n

t is d
e

scrib
e

d
 b

y S
ch

a
d

e
b

e
rg

 a
s a

 ‘vo
ice

d
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n
a

sa
lize

d
 la

b
ia

l co
n

tin
u

a
n

t,’ tra
n

scrib
e

d
 a

s [
v
)], a

n
d

 a
fte

r e
xp

licitly re
m

a
rkin

g
 o

n
 O

h
a

la
’s

cla
im

 th
a

t su
ch

 se
g

m
e

n
ts a

re
 im

p
o

ssib
le

, S
ch

a
d

e
b

e
rg

 n
o

te
s th

a
t th

is se
g

m
e

n
t co

n
tra

sts
w

ith
 a

 n
a

sa
lize

d
 la

b
ia

l a
p

p
ro

xim
a

n
t [

w
)] (1

9
8

2
: 1

2
7

).  E
vid

e
n

ce
 fo

r a
 vo

ice
le

ss n
a

sa
lize

d
frica

tive
 co

m
e

s fro
m

 G
e

rfe
n

’s (1
9

9
6

) in
stru

m
e

n
ta

l in
ve

stig
a

tio
n

 o
f C

o
a

tzo
sp

a
n

 M
ixte

c
(M

ixte
ca

n
, M

e
xico

), w
h

e
re

 h
e

 fin
d

s th
a

t n
a

sa
l a

irflo
w

 p
e

rsists th
ro

u
g

h
 a

 so
-ca

lle
d

‘tra
n

sp
a

re
n

t’ vo
ice

le
ss co

ro
n

a
l frica

tive
 [

S].  It sh
o

u
ld

 b
e

 n
o

te
d

 th
a

t w
h

ile
 G

e
rfe

n
’s

re
su

lts a
re

 stro
n

g
ly su

g
g

e
stive

 th
a

t it is p
o

ssib
le

 to
 p

ro
d

u
ce

 a
 vo

ice
le

ss frica
tive

 w
ith

 a
lo

w
e

re
d

 
ve

lu
m

, 
h

is 
te

ch
n

iq
u

e
 

g
a

u
g

e
d

 
ve

lu
m

 
p

o
sitio

n
 

in
d

ire
ctly 

th
ro

u
g

h
 

a
irflo

w
m

e
a

su
re

m
e

n
ts.  F

o
r a

b
so

lu
te

 ce
rta

in
ty o

n
 th

is issu
e

, a
 d

ire
ct m

e
a

su
re

m
e

n
t o

f ve
lu

m
p

o
sitio

n
 is n

e
e

d
e

d
.

R
e

ce
n

t w
o

rk b
y O

h
a

la
, S

o
lé

, a
n

d
 Y

in
g

 (1
9

9
8

) in
ve

stig
a

te
d

 th
e

 m
a

tte
r o

f n
a

sa
lize

d
frica

tive
s b

y cre
a

tin
g

 a
 p

se
u

d
o

-ve
lo

p
h

a
ryn

g
e

a
l va

lve
.  T

h
e

y cre
a

te
d

 th
e

 va
lve

 b
y

in
se

rtin
g

 ca
th

e
te

rs o
f va

rio
u

s size
s in

to
 th

e
 o

ra
l ca

vity (via
 th

e
 b

u
cca

l su
lcu

s a
n

d
 th

e
 g

a
p

b
e

h
in

d
 th

e
 u

p
p

e
r m

o
la

rs) a
n

d
 in

te
rm

itte
n

tly o
p

e
n

in
g

 a
n

d
 clo

sin
g

 th
e

 o
u

te
r o

p
e

n
in

g
s.

C
a

th
e

te
rs o

f d
iffe

re
n

t size
s sim

u
la

te
d

 d
iffe

re
n

ce
s in

 ve
lo

-p
h

a
ryn

g
e

a
l o

p
e

n
in

g
; a

lth
o

u
g

h
a

s O
h

a
la

, S
o

lé
, a

n
d

 Y
in

g
 n

o
te

, th
e

 size
 o

f ca
th

e
te

r a
p

e
rtu

re
 m

a
y n

o
t co

rre
sp

o
n

d
 p

re
cise

ly
to

 th
e

 im
p

e
d

a
n

ce
 p

ro
d

u
ce

d
 b

y th
e

 sa
m

e
 ve

lo
-p

h
a

ryn
g

e
a

l o
p

e
n

in
g

, b
e

ca
u

se
 th

e
 le

n
g

th
 o

f
th

e
 ca

th
e

te
rs w

a
s g

re
a

te
r th

a
n

 th
e

 le
n

g
th

 o
f th

e
 n

a
sa

l p
a

ssa
g

e
.  T

h
e

y d
isco

ve
re

d
 th

a
t fo

r
th

e
 sm

a
lle

st ca
th

e
te

r, 7
.9

 m
m

2, th
e

re
 w

a
s n

o
 sig

n
ifica

n
t e

ffe
ct o

n
 th

e
 le

ve
l o

f p
h

a
ryn

g
e

a
l

p
re

ssu
re

 (i.e
. p

re
ssu

re
 b

e
h

in
d

 th
e

 co
n

strictio
n

 fo
r th

e
 b

u
cca

l frica
tive

) a
n

d
 n

o
 d

e
te

cta
b

le
e

ffe
ct o

n
 th

e
 q

u
a

lity o
f th

e
 frica

tive
.  F

o
r ca

th
e

te
rs w

ith
 a

re
a

s o
f 1

7
.9

 m
m

2 a
n

d
 a

b
o

ve
th

e
y fo

u
n

d
 th

a
t p

h
a

ryn
g

e
a

l p
re

ssu
re

 d
ro

p
p

e
d

 co
n

sid
e

ra
b

ly, e
sp

e
cia

lly fo
r vo

ice
d

frica
tive

s.  T
h

e
 p

re
ssu

re
 d

ro
p

 w
a

s w
e

a
ke

r in
 vo

ice
le

ss frica
tive

s b
e

ca
u

se
 th

e
 o

p
e

n
 g

lo
ttis

in
 th

e
se

 se
g

m
e

n
ts a

llo
w

e
d

 g
re

a
te

r a
irflo

w
 u

p
 fro

m
 th

e
 lu

n
g

s to
 co

m
b

a
t a

 d
ro

p
 in

p
re

ssu
re

.  B
e

ca
u

se
 o

f th
e

 p
re

ssu
re

 d
ro

p
 fro

m
 th

e
 ca

th
e

te
r, vo

ice
d

 frica
tive

s b
e

ca
m

e
frictio

n
le

ss 
co

n
tin

u
a

n
ts 

a
n

d
 

a
p

e
rio

d
ic 

a
co

u
stic 

e
n

e
rg

y 
w

a
s 

re
d

u
ce

d
 

in
 

vo
ice

le
ss

frica
tive

s in
 th

e
 h

ig
h

e
r fre

q
u

e
n

cie
s.  T

h
e

 fin
d

in
g

s o
f th

is stu
d

y cle
a

rly su
p

p
o

rt th
e

 cla
im

th
a

t n
a

sa
liza

tio
n

 is a
n

ta
g

o
n

istic to
 frica

tive
 so

u
n

d
s; h

o
w

e
ve

r, th
is a

n
ta

g
o

n
ism

 a
p

p
e

a
rs

g
ra

d
ie

n
t su

ch
 th

a
t th

e
 g

re
a

te
r th

e
 ve

lo
-p

h
a

ryn
g

e
a

l a
p

e
rtu

re
, th

e
 g

re
a

te
r th

e
 re

d
u

ctio
n

 in
frica

tio
n

, a
n

d
 co

n
ve

rse
ly, th

e
 sm

a
lle

r th
e

 ve
lo

-p
h

a
ryn

g
e

a
l a

p
e

rtu
re

, th
e

 le
ss p

e
rce

p
tib

le
th

e
 n

a
sa

liza
tio

n
.  B

a
la

n
cin

g
 th

is g
ra

d
ie

n
ce

 w
ith

 th
e

 fin
d

in
g

s o
f va

rio
u

s re
se

a
rch

e
rs

su
p

p
o

rtin
g

 th
e

 e
xiste

n
ce

 o
f n

a
sa

lize
d

 frica
tive

s, I a
ssu

m
e

 th
a

t th
e

y d
o

 o
ccu

r in
 so

m
e

la
n

g
u

a
g

e
s, a

lth
o

u
g

h
 typ

ica
lly e

ith
e

r d
e

g
re

e
 o

f frica
tio

n
 o

r p
e

rce
p

tib
ility o

f n
a

sa
liza

tio
n

w
ill suffer in the production of these segm

ents.
E

xa
m

in
a

tio
n

 o
f th

e
 la

n
g

u
a

g
e

s in
 w

h
ich

 n
a

sa
liza

tio
n

 sp
re

a
d

s th
ro

u
g

h
 so

m
e

o
b

stru
e

n
ts su

g
g

e
sts th

a
t th

e
re

 is cro
ss-lin

g
u

istic va
ria

b
ility in

 th
e

 ra
n

kin
g

 o
f vo

ice
le

ss
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frica
tive

s a
n

d
 vo

ice
d

 sto
p

s in
 th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y.  In

 th
e

 cla
ss o

f o
b

stru
e

n
ts it is

a
lw

a
ys th

e
 ca

se
 th

a
t vo

ice
d

 frica
tive

s a
re

 th
e

 m
o

st co
m

p
a

tib
le

 w
ith

 n
a

sa
liza

tio
n

 a
n

d
vo

ice
le

ss sto
p

s a
re

 th
e

 le
a

st co
m

p
a

tib
le

.  C
o

n
tin

u
a

n
cy a

n
d

 vo
icin

g
 th

u
s a

re
 q

u
a

litie
s

fa
vo

rin
g

 n
a

sa
liza

tio
n

 o
f o

b
stru

e
n

ts.  F
o

r se
g

m
e

n
ts w

ith
 ju

st o
n

e
 o

f th
e

se
 q

u
a

litie
s,

la
n

g
u

a
g

e
s a

p
p

e
a

r to
 va

ry in
 w

h
e

th
e

r co
n

tin
u

a
n

cy o
r vo

icin
g

 is m
o

re
 co

m
p

a
tib

le
 w

ith
nasalization.  T

his is illustrated by com
parison of the patterns in (37).

(3
7

)
C

ro
ss-lin

g
u

istic va
ria

tio
n

 in
 n

a
sa

liza
tio

n
 o

f o
b

stru
e

n
ts

    T
hrough

B
lo

ckin
g

V
cd. fricatives

V
cls. fricatives

V
cd

. sto
p

s
V

cls. stops
e

.g
. Itse

ke
ri,

E
n

n
e

m
o

r

V
cd. fricatives

V
cls. 

frica
tive

s
V

cd
. sto

p
s

V
cls. stops

e
.g

. S
co

ttish
 G

a
e

lic
(A

p
p

le
cro

ss)

V
cd. fricatives

V
cd

. 
sto

p
s

V
cls. fricatives

V
cls. stops

e
.g

. E
p

e
ra

, O
re

jo
n

,
P

a
rin

tin
tin

V
cd. fricatives

V
cls. fricatives

V
cd. stops

V
cls. stops

e
.g

. T
u

yu
ca

,
T

u
ca

n
o

, B
a

ra
sa

n
o

.

S
o

 fa
r th

e
 h

ie
ra

rch
y h

a
s se

g
re

g
a

te
d

 o
b

stru
e

n
ts a

cco
rd

in
g

 to
 th

e
ir co

n
tin

u
a

n
cy, b

u
t th

e
n

a
sa

liza
tio

n
 p

a
tte

rn
 in

 la
n

g
u

a
g

e
s su

ch
 a

s E
p

e
ra

, O
re

jo
n

 (d
ia

le
ct d

e
scrib

e
d

 b
y A

rn
a

iz),
a

n
d

 P
a

rin
tin

tin
 in

d
ica

te
s th

a
t se

p
a

ra
tio

n
 b

y vo
icin

g
 is a

lso
 a

 u
se

fu
l se

g
re

g
a

tio
n

.  F
o

r
la

n
g

u
a

g
e

s su
ch

 a
s th

e
se

, th
e

 lo
w

e
r e

n
d

 o
f th

e
 co

m
p

a
tib

ility h
ie

ra
rch

y ca
n

 b
e

 m
o

d
ifie

d
 to

ra
n

k vo
ice

d
 o

b
stru

e
n

ts o
ve

r vo
ice

le
ss o

n
e

s.  T
h

is m
irro

rs va
ria

b
ility a

cro
ss la

n
g

u
a

g
e

s in
th

e
 ra

n
kin

g
 o

f th
e

se
 cla

sse
s o

f se
g

m
e

n
ts in

 th
e

 so
n

o
rity h

ie
ra

rch
y (cf. H

o
o

p
e

r 1
9

7
2

,
1

9
7

6
 ve

rsu
s S

te
ria

d
e

 1
9

8
2

).  T
h

e
 so

u
rce

 fo
r p

a
ra

lle
ls b

e
tw

e
e

n
 th

e
 n

a
sa

liza
tio

n
 h

ie
ra

rch
y

a
n

d
 th

e
 so

n
o

rity h
ie

ra
rch

y w
a

s d
iscu

sse
d

 in
 2

.2
.1

.  N
o

te
 th

a
t th

e
 o

ccu
rre

n
ce

 o
f a

 p
a

tte
rn

ta
rg

e
ttin

g
 ju

st vo
ice

d
 frica

tive
s (in

 Itse
ke

ri a
n

d
 E

n
n

e
m

o
r) sh

o
w

s th
a

t la
n

g
u

a
g

e
s m

a
y

m
a

ke
 fin

e
r-g

ra
in

e
d

 d
istin

ctio
n

s th
a

n
 th

o
se

 p
re

cise
ly m

a
tch

in
g

 th
e

 five
 m

a
jo

r cla
sse

s o
f

segm
ents.  T

he five-w
ay classification is thus useful for a general typology, but w

e m
ight

re
co

g
n

ize
 th

a
t w

ith
in

 th
e

se
 cla

sse
s th

e
m

se
lve

s, su
b

cla
sse

s o
r e

ve
n

 in
d

ivid
u

a
l se

g
m

e
n

ts
m

a
y b

e
 sca

le
d

 a
cco

rd
in

g
 to

 th
e

ir co
m

p
a

tib
ility w

ith
 n

a
sa

liza
tio

n
.

A
n

o
th

e
r cro

ss-lin
g

u
istic va

ria
b

ility co
n

ce
rn

s th
e

 ra
n

kin
g

 o
f g

lo
tta

ls in
 th

e
im

p
lica

tio
n

a
l h

ie
ra

rch
y.  In

 th
e

 d
a

ta
b

a
se

 w
e

 fin
d

 th
a

t in
 th

e
 m

a
jo

rity o
f n

a
sa

l h
a

rm
o

n
y

p
a

tte
rn

s, n
a

sa
liza

tio
n

 sp
re

a
d

s th
ro

u
g

h
 a

n
y g

lo
tta

l se
g

m
e

n
ts in

 th
e

 la
n

g
u

a
g

e
, i.e

. th
e

se
g

m
e

n
ts [h, /] (a

lth
o

u
g

h
 so

m
e

tim
e

s th
e

 b
e

h
a

vio
r o

f g
lo

tta
ls in

 n
a

sa
liza

tio
n

 is n
o

t
d

iscu
sse

d
 in

 th
e

 so
u

rce
).  T

h
is te

n
d

e
n

cy fo
r g

lo
tta

ls to
 u

n
d

e
rg

o
 n

a
sa

l sp
re

a
d

in
g

 ca
n

 b
e

e
xp

la
in

e
d

 in
 te

rm
s o

f th
e

 a
rticu

la
to

ry co
m

p
a

tib
ility o

f th
e

se
 se

g
m

e
n

ts w
ith

 n
a

sa
liza

tio
n

,
sin

ce
 p

ro
d

u
cin

g
 th

e
se

 se
g

m
e

n
ts w

ith
 a

 lo
w

e
re

d
 ve

lu
m

 d
o

e
s n

o
t in

 a
n

y w
a

y in
te

rfe
re
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w
ith

 th
e

 g
lo

tta
l a

rticu
la

tio
n

 (se
e

 W
a

lke
r a

n
d

 P
u

llu
m

 1
9

9
7

 a
n

d
 re

fe
re

n
ce

s th
e

re
in

; a
lso

d
iscu

ssio
n

 
in

 
2

.2
.3

; 
cf. 

C
o

h
n

 
1

9
9

3
a

). 
 

F
u

rth
e

r, 
a

s 
n

o
te

d
 

in
 

d
iscu

ssio
n

 
o

f 
th

e
‘rh

in
o

g
lo

tto
p

h
ilia

’ p
h

e
n

o
m

e
n

o
n

 (M
a

tiso
ff 1

9
7

5
; J. O

h
a

la
 1

9
7

5
), th

e
 a

co
u

stic e
ffe

ct o
f a

g
lo

tta
l co

n
tin

u
a

n
t o

n
 a

 n
e

ig
h

b
o

rin
g

 vo
w

e
l ca

n
 re

se
m

b
le

 th
a

t o
f a

 lo
w

e
re

d
 ve

lu
m

,
a

ctu
a

lly fa
vo

rin
g

 th
e

 in
te

rp
re

ta
tio

n
 o

f vo
w

e
ls a

s n
a

sa
l w

h
e

n
 a

d
ja

ce
n

t to
 [h

].  O
n

 th
e

o
th

e
r h

a
n

d
, th

e
 p

a
tte

rn
in

g
 o

f g
lo

tta
l se

g
m

e
n

ts in
 so

m
e

 la
n

g
u

a
g

e
s su

g
g

e
sts th

a
t th

e
y ca

n
som

etim
es be phonologically classified as obstruents, i.e. as [-sonorant] segm

ents that are
in

co
m

p
a

tib
le

 w
ith

 n
a

sa
liza

tio
n

.  A
 p

o
ssib

le
 ca

se
 o

f b
lo

ckin
g

 b
y g

lo
tta

l frica
tive

s o
ccu

rs
in

 T
e

re
n

a
, a

n
 A

ra
w

a
ka

n
 la

n
g

u
a

g
e

 o
f B

ra
zil.  T

e
re

n
a

 m
a

rks first p
e

rso
n

 fo
rm

s w
ith

nasalization of a m
orphem

e from
 left to right, and [

h] and [h
J] pattern w

ith the obstruents
in

 b
lo

ckin
g

 n
a

sa
l sp

re
a

d
.  B

e
n

d
o

r-S
a

m
u

e
l (1

9
6

0
: 3

4
9

) a
n

a
lyze

s th
e

se
 se

g
m

e
n

ts a
s tru

e
frica

tive
s (ra

th
e

r th
a

n
 g

lid
e

s, fo
r e

xa
m

p
le

), n
o

tin
g

 th
a

t 
[h

J] is a
ctu

a
lly p

ro
d

u
ce

d
 w

ith
 a

n
a

lve
o

la
r co

n
strictio

n
 a

n
d

 th
a

t b
o

th
 [

h
] a

n
d

 [h
J] fu

n
ctio

n
 p

h
o

n
o

lo
g

ica
lly in

 th
e

 sa
m

e
 w

a
y

a
s [s] a

n
d

 [S].  F
o

r g
lo

tta
l sto

p
, b

lo
ckin

g
 o

ccu
rs in

 th
e

 A
u

stro
n

e
sia

n
 la

n
g

u
a

g
e

, R
e

ja
n

g
,

sp
o

ke
n

 in
 S

o
u

th
 S

u
m

a
tra

.  M
cG

in
n

 (1
9

7
9

: 1
8

7
) o

b
se

rve
s th

a
t g

lo
tta

l sto
p

 p
a

tte
rn

s w
ith

th
e

 o
b

stru
e

n
ts in

 b
lo

ckin
g

 th
e

 rig
h

tw
a

rd
 sp

re
a

d
 o

f n
a

sa
lity fro

m
 a

 n
a

sa
l sto

p
, e

.g
.

[m
a
)/
a
/] ‘approach’; cf. [n

i ‚j ‚o
)w

)a
)] ‘coconut’.  H

arrison and T
aylor (1971: 17) note that in

K
a

iw
á

, a
 T

u
p

í-G
u

a
ra

n
í la

n
g

u
a

g
e

 o
f B

ra
zil, n

a
sa

liza
tio

n
 sp

re
a

d
s th

ro
u

g
h

 g
lo

tta
l sto

p
 in

n
o

rm
a

l sp
e

e
ch

, b
u

t in
 slo

w
 sp

e
e

ch
 [

/] b
lo

cks n
a

sa
l sp

re
a

d
in

g
.  It is a

lso
 co

n
ce

iva
b

le
 th

a
t

th
e

 
d

isp
re

fe
re

n
ce

 
in

 
so

m
e

 
la

n
g

u
a

g
e

s 
fo

r 
a

 
n

a
sa

lize
d

 
g

lo
tta

l 
sto

p
 

h
a

s 
a

n
a

co
u

stic/p
e

rce
p

tu
a

l b
a

sis.  N
í C

h
io

sá
in

 a
n

d
 P

a
d

g
e

tt (1
9

9
7

) h
a

ve
 p

o
in

te
d

 o
u

t th
a

t
n

a
sa

liza
tio

n
 o

f g
lo

tta
l sto

p
 is p

o
o

r in
 a

ch
ie

vin
g

 p
e

rce
p

tib
le

 n
a

sa
liza

tio
n

 o
n

 th
e

 in
d

ivid
u

a
l

se
g

m
e

n
t (se

e
 a

lso
 d

iscu
ssio

n
 in

 W
a

lke
r a

n
d

 P
u

llu
m

 1
9

9
7

).  T
h

e
 p

e
rce

p
tib

ility p
ro

b
le

m
 is

q
u

ite
 cle

a
r: b

e
ca

u
se

 th
e

re
 is fu

ll sto
p

p
a

g
e

 o
f a

ir b
e

h
in

d
 th

e
 ve

lu
m

 a
t th

e
 g

lo
ttis, th

e
re

 ca
n

b
e

 n
o

 n
a

sa
l a

irflo
w

 d
u

rin
g

 a
 g

lo
tta

l sto
p

.  T
h

u
s, e

ve
n

 th
o

u
g

h
 g

lo
tta

l sto
p

 ca
n

 b
e

‘n
a

sa
lize

d
’ b

y b
e

in
g

 p
ro

d
u

ce
d

 w
ith

 a
 lo

w
e

re
d

 ve
lu

m
, th

e
re

 w
ill b

e
 n

o
 a

co
u

stic cu
e

d
u

rin
g

 th
e

 sto
p

 itse
lf to

 sig
n

a
l th

e
 n

a
sa

liza
tio

n
.  T

h
e

 a
b

o
ve

 ca
se

s su
g

g
e

st th
a

t w
h

ile
g

lo
tta

ls m
o

st co
m

m
o

n
ly p

a
tte

rn
 w

ith
 th

e
 vo

co
id

a
l se

g
m

e
n

ts in
 te

rm
s o

f th
e

ir te
n

d
e

n
cy to

u
n

d
e

rg
o

 n
a

sa
liza

tio
n

, o
th

e
r fa

cto
rs ca

n
 co

m
e

 in
to

 p
la

y, su
ch

 a
s th

e
 p

h
o

n
o

lo
g

ica
l

cla
ssifica

tio
n

 o
f th

e
se

 se
g

m
e

n
ts w

ith
 o

b
stru

e
n

ts ra
th

e
r th

a
n

 g
lid

e
s o

r p
e

rh
a

p
s th

e
p

e
rce

p
tib

ility o
f n

a
sa

liza
tio

n
.

T
h

e
 im

p
lica

tio
n

a
l h

ie
ra

rch
y is a

 g
o

o
d

 p
re

d
icto

r o
f th

e
 like

lih
o

o
d

 o
f se

g
m

e
n

ts to
u

n
d

e
rg

o
 n

a
sa

liza
tio

n
, b

u
t th

e
 n

a
sa

l h
a

rm
o

n
y d

a
ta

b
a

se
 fin

d
s th

a
t o

th
e

r fa
cto

rs ca
n

 a
lso

co
n

trib
u

te
 to

 p
a

tte
rn

s o
f n

a
sa

liza
tio

n
.  O

n
e

 su
ch

 fa
cto

r is th
e

 d
e

m
a

n
d

 o
f m

a
in

ta
in

in
g

p
e

rce
p

tib
le

 
co

n
tra

sts. 
 

It 
is 

w
e

ll-kn
o

w
n

 
th

a
t 

n
a

sa
liza

tio
n

 
te

n
d

s 
to

 
o

b
scu

re
 

th
e

p
e

rce
p

tib
ility o

f vo
w

e
l h

e
ig

h
t co

n
tra

sts, e
vid

e
n

ce
d

, fo
r e

xa
m

p
le

, b
y th

e
 u

n
ive

rsa
l
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g
e

n
e

ra
liza

tio
n

 th
a

t th
e

 n
u

m
b

e
r o

f n
a

sa
l vo

w
e

ls in
 a

 la
n

g
u

a
g

e
 n

e
ve

r e
xce

e
d

s th
e

 n
u

m
b

e
r

o
f o

ra
l vo

w
e

ls (R
u

h
le

n
 1

9
7

5
, 1

9
7

8
; B

h
a

t 1
9

7
5

; C
ro

th
e

rs 1
9

7
8

; B
e

d
d

o
r 1

9
8

3
; W

rig
h

t
1

9
8

6
; P

a
d

g
e

tt 1
9

9
7

, a
m

o
n

g
 o

th
e

rs).  T
h

e
 d

e
m

a
n

d
 to

 p
re

se
rve

 vo
w

e
l h

e
ig

h
t co

n
tra

sts ca
n

co
n

trib
u

te
 to

 b
lo

ckin
g

 e
ffe

cts in
 n

a
sa

l sp
re

a
d

in
g

.  A
n

 e
xa

m
p

le
 o

f th
is o

ccu
rs in

 th
e

A
p

p
le

cro
ss d

ia
le

ct o
f S

co
ttish

 G
a

e
lic.  S

co
ttish

 G
a

e
lic h

a
s fo

u
r vo

w
e

l h
e

ig
h

ts in
 its o

ra
l

vo
w

e
ls (h

ig
h

, m
id

-h
ig

h
, m

id
-lo

w
, lo

w
) a

n
d

 th
re

e
 vo

w
e

l h
e

ig
h

ts in
 its n

a
sa

l vo
w

e
ls (h

ig
h

,
m

id
-lo

w
, lo

w
); th

u
s, th

e
 o

ra
l m

id
-h

ig
h

 vo
w

e
ls [
e
, ´

, o] a
re

 m
issin

g
 p

h
o

n
e

m
ic n

a
sa

l
co

u
n

te
rp

a
rts.  T

h
is co

n
tra

st-d
rive

n
 g

a
p

 in
 th

e
 n

a
sa

l vo
w

e
l in

ve
n

to
ry is a

lso
 a

p
p

a
re

n
t in

n
a

sa
l sp

re
a

d
in

g
:  th

e
 o

ra
l m

id
-h

ig
h

 vo
w

e
ls a

lw
a

ys b
lo

ck n
a

sa
liza

tio
n

 fro
m

 a
n

 a
d

ja
ce

n
t

sylla
b

le
, b

u
t vo

w
e

ls o
f o

th
e

r h
e

ig
h

ts b
e

co
m

e
 n

a
sa

lize
d

.  H
e

re
 th

e
 d

e
m

a
n

d
 to

 m
a

in
ta

in
p

e
rce

p
tib

le
 vo

w
e

l h
e

ig
h

t co
n

tra
sts o

u
tra

n
ks th

e
 d

e
m

a
n

d
 o

f n
a

sa
l sp

re
a

d
in

g
, p

ro
d

u
cin

g
b

lo
ckin

g
 b

y a
 sp

e
cific vo

w
e

l h
e

ig
h

t.  M
o

re
 g

e
n

e
ra

lly, in
 th

e
 ve

ry co
m

m
o

n
 p

h
e

n
o

m
e

n
o

n
o

f n
a

sa
liza

tio
n

 o
f vo

w
e

ls b
y ta

u
to

sylla
b

ic n
a

sa
l co

n
so

n
a

n
ts, it is o

fte
n

 th
e

 ca
se

 th
a

t
n

a
sa

liza
tio

n
 is re

stricte
d

 to
 ce

rta
in

 vo
w

e
l h

e
ig

h
ts (se

e
 su

rve
ys in

 S
ch

o
u

ru
p

 1
9

7
2

, 1
9

7
3

;
B

e
d

d
o

r 1
9

8
3

).  F
u

rth
e

r, d
e

g
re

e
 o

f n
a

sa
liza

tio
n

 m
a

y so
m

e
tim

e
s va

ry w
ith

 vo
w

e
l h

e
ig

h
t.

In
 Y

o
ru

b
a

, fo
r e

xa
m

p
le

, p
ro

g
re

ssive
 n

a
sa

liza
tio

n
 o

f vo
w

e
ls a

fte
r a

 ta
u

to
sylla

b
ic n

a
sa

l
co

n
so

n
a

n
t is re

p
o

rte
d

 to
 p

ro
d

u
ce

 h
e

a
vy n

a
sa

liza
tio

n
 o

f h
ig

h
 a

n
d

 lo
w

 vo
w

e
ls, b

u
t lig

h
t

nasalization in the m
id vow

els [
e
, E, o

, ç] (W
ard 1952: 13). 19

V
o

w
e

l b
a

ckn
e

ss a
lso

 a
p

p
e

a
rs to

 in
te

ra
ct w

ith
 b

lo
ckin

g
 in

 so
m

e
 ca

se
s.  In

 G
u

a
ym

i,
sp

o
ke

n
 in

 P
a

n
a

m
a

, th
e

 le
ft-to

-rig
h

t n
a

sa
liza

tio
n

 w
h

ich
 m

a
rks a

 n
e

a
r p

a
st co

m
p

le
te

d
a

ctio
n

 in
 cla

ss II ve
rb

s is b
lo

cke
d

 b
y b

a
ck vo

w
e

ls b
u

t ta
rg

e
ts fro

n
t vo

w
e

ls a
n

d
 vo

ice
d

co
n

so
n

a
n

ts (B
ivin

 1
9

8
6

 citin
g

 K
o

p
e

se
c a

n
d

 K
o

p
e

se
c 1

9
7

5
).  In

 a
d

d
itio

n
, S

ch
o

u
ru

p
(1

9
7

3
; 1

9
2

) n
o

te
s th

a
t vo

w
e

l n
a

sa
liza

tio
n

 a
ffe

cts o
n

ly fro
n

t vo
w

e
ls in

 S
o

ra
 (M

u
n

d
a

;
In

d
ia

; S
ch

o
u

ru
p

 1
9

7
3

 citin
g

 p
e

rso
n

a
l co

m
m

u
n

ica
tio

n
 w

ith
 S

ta
m

p
e

) a
n

d
 Isla

n
d

 C
a

rib
(A

ra
w

a
ka

n
; D

o
m

in
ica

; T
a

ylo
r 1

9
5

1
).  A

s a
 fa

cto
r in

 p
e

rce
p

tib
le

 d
e

g
re

e
 o

f n
a

sa
liza

tio
n

,
W

illia
m

so
n

 (1
9

6
5

: 1
7

) re
p

o
rts th

a
t in

 Ijo
, b

a
ck vo

w
e

ls a
re

 p
e

rce
ive

d
 a

s m
o

re
 n

a
sa

lize
d

th
a

n
 fro

n
t o

n
e

s (a
lth

o
u

g
h

 kym
o

g
ra

p
h

 re
co

rd
s d

o
 n

o
t sh

o
w

 a
 sig

n
ifica

n
t d

iffe
re

n
ce

 in
 th

e
a

ctu
a

l d
e

g
re

e
 o

f n
a

sa
liza

tio
n

 in
 th

is e
n

viro
n

m
e

n
t).  Y

e
t B

e
d

d
o

r (1
9

9
3

) n
o

te
s th

a
t th

e
a

co
u

stic co
n

se
q

u
e

n
ce

s o
f n

a
sa

liza
tio

n
 fo

r th
e

 p
e

rce
p

tio
n

 o
f vo

w
e

l b
a

ckn
e

ss is n
o

t
e

n
tire

ly cle
a

r.  P
e

rh
a

p
s th

e
 stro

n
g

e
st e

vid
e

n
ce

 fo
r a

n
 in

te
ra

ctio
n

 co
m

e
s fro

m
 W

rig
h

t
(1

9
8

6
), w

h
o

 fo
u

n
d

 th
a

t n
a

sa
liza

tio
n

 ca
u

se
d

 fro
n

t vo
w

e
ls to

 b
e

 p
e

rce
ive

d
 a

s m
o

re
 b

a
ck

th
a

n
 th

e
ir o

ra
l co

u
n

te
rp

a
rts.  H

o
w

e
ve

r, fin
d

in
g

s fo
r th

e
 b

a
ck vo

w
e

ls w
e

re
 le

ss u
n

ifo
rm

w
ith

 [o
)] p

e
rce

ive
d

 a
s m

o
re

 fro
n

t th
a

n
 [o

] a
n

d
 h

ig
h

 b
a

ck n
a

sa
l vo

w
e

ls p
e

rce
ive

d
 a

s
slig

h
tly fa

rth
e

r b
a

ck th
a

n
 th

e
ir o

ra
l ve

rsio
n

s.  W
rig

h
t’s stu

d
y su

g
g

e
sts th

a
t n

a
sa

liza
tio

n

1
9 [ç] is so

m
e

tim
e

s a
n

 e
xce

p
tio

n
 to

 th
is g

e
n

e
ra

liza
tio

n
.  W

a
rd

 re
p

o
rts tw

o
 w

o
rd

s, [
ç
m

ç
)] ‘ch

ild
’ a

n
d

[m
ç
)] in

 w
h

ich
 [ç] h

a
s stro

n
g

 n
a

sa
liza

tio
n

.
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m
a

y h
a

ve
 so

m
e

 n
e

u
tra

lizin
g

 e
ffe

ct o
n

 th
e

 p
e

rce
p

tio
n

 o
f vo

w
e

l b
a

ckn
e

ss.  H
o

w
e

ve
r, it is

co
n

ce
iva

b
le

 th
a

t th
e

 b
lo

ckin
g

 b
e

h
a

vio
r o

f b
a

ck vo
w

e
ls co

u
ld

 b
e

 a
n

o
th

e
r in

sta
n

ce
 o

f th
e

vo
w

e
l h

e
ig

h
t e

ffe
ct.  D

ra
w

in
g

 o
n

 th
e

 fin
d

in
g

s o
f H

a
rd

ca
stle

 (1
9

7
0

) a
n

d
 K

. S
te

ve
n

s
(1

9
6

8
), L

in
d

b
lo

m
 (1

9
8

6
) n

o
te

s th
re

e
 se

ts o
f fa

cts co
n

ce
rn

in
g

 a
 fro

n
t/b

a
ck a

sym
m

e
try in

th
e

 vo
ca

l tra
ct: (i) a

rticu
la

to
rs h

a
ve

 in
cre

a
se

d
 m

o
b

ility a
t a

n
te

rio
r lo

ca
tio

n
s (ii) th

e
re

 is a
g

re
a

te
r su

p
p

ly o
f stru

ctu
re

s fo
r se

n
so

ry co
n

tro
l to

w
a

rd
s th

e
 fro

n
t o

f th
e

 m
o

u
th

, a
n

d
 (iii)

a
co

u
stic-p

e
rce

p
tu

a
l 

e
ffe

cts 
a

p
p

e
a

r 
to

 
b

e
 

stro
n

g
e

r 
a

t 
th

e
 

fro
n

t 
th

a
n

 
a

t 
th

e
 

b
a

ck.
C

o
m

b
in

in
g

 th
e

se
 o

b
se

rva
tio

n
s, L

in
d

b
lo

m
 sp

e
cu

la
te

s th
a

t th
e

 fro
n

t/b
a

ck a
sym

m
e

try m
a

y
p

ro
d

u
ce

 a
 rich

e
r ra

n
g

e
 fo

r co
n

tra
st in

 vo
w

e
ls p

ro
d

u
ce

d
 in

 th
e

 fro
n

t ve
rsu

s th
e

 b
a

ck o
f

th
e

 m
o

u
th

.  If th
is is so

, th
e

n
 w

e
 m

a
y e

xp
e

ct vo
w

e
ls in

 th
e

 b
a

ck re
g

io
n

 to
 b

e
 m

o
re

re
sista

n
t to

 n
a

sa
liza

tio
n

, b
e

ca
u

se
 o

f th
e

 b
lu

rrin
g

 e
ffe

ct o
f n

a
sa

liza
tio

n
 o

n
 h

e
ig

h
t

co
n

tra
sts.  F

o
r a

 firm
e

r g
ra

sp
 o

f th
e

 fa
cto

rs in
vo

lve
d

 in
 th

is p
h

e
n

o
m

e
n

o
n

, m
o

re
in

ve
stig

a
tio

n
 is n

e
e

d
e

d
.

R
a

te
 o

f sp
e

e
ch

 a
n

d
 stre

ss m
a

y e
ffe

ct p
a

tte
rn

s o
f n

a
sa

liza
tio

n
.  T

w
o

 la
n

g
u

a
g

e
s in

th
e

 stu
d

y re
p

o
rt th

a
t n

a
sa

liza
tio

n
 sp

re
a

d
s th

ro
u

g
h

 m
o

re
 se

g
m

e
n

ts in
 fa

ste
r sp

e
e

ch
.  In

K
a

iw
á

, g
lo

tta
l sto

p
 b

lo
cks n

a
sa

l sp
re

a
d

in
g

 o
n

ly in
 slo

w
 sp

e
e

ch
.  In

 E
p

e
ra

, a
 C

h
o

co
la

n
g

u
a

g
e

 o
f P

a
n

a
m

a
, vo

ice
le

ss sto
p

s n
o

rm
a

lly b
lo

ck th
e

 sp
re

a
d

in
g

 o
f n

a
sa

liza
tio

n
, b

u
t in

‘a
lle

g
ro

’ o
r fa

st sp
e

e
ch

, n
a

sa
liza

tio
n

 sp
re

a
d

s th
ro

u
g

h
 th

e
se

 se
g

m
e

n
ts, le

a
vin

g
 th

e
m

vo
ice

le
ss a

n
d

 p
re

n
a

sa
lize

d
 (B

ivin
 1

9
8

6
: 1

0
2

).  S
tre

ss m
a

y a
ffe

ct trig
g

e
rs o

r b
lo

cke
rs o

f
stress; it plays a particularly notable role in the T

upí-G
uaraní languages.  F

or exam
ple, in

G
u

a
ra

n
í, a

 T
u

p
í la

n
g

u
a

g
e

 o
f P

a
ra

g
u

a
y, n

a
sa

l sp
re

a
d

in
g

 o
rig

in
a

te
s fro

m
 n

a
sa

l stre
sse

d
sylla

b
le

s a
n

d
 is b

lo
cke

d
 b

y o
ra

l stre
sse

d
 sylla

b
le

s.  O
th

e
r la

n
g

u
a

g
e

s in
 w

h
ich

 n
a

sa
l

sp
re

a
d

in
g

 is trig
g

e
re

d
 b

y a
 stre

sse
d

 vo
w

e
l in

clu
d

e
 U

lu
 M

u
a

r M
a

la
y (H

e
n

d
o

n
 1

9
6

6
) a

n
d

A
p

p
le

cro
ss G

a
e

lic.  In
 th

e
 M

id
w

e
ste

rn
 va

rie
ty o

f A
m

e
rica

n
 E

n
g

lish
, n

a
sa

liza
tio

n
 sp

re
a

d
s

u
p

 to
 a

n
d

 in
clu

d
in

g
 a

 stre
sse

d
 sylla

b
le

 b
u

t n
o

t b
e

yo
n

d
 (S

ch
o

u
ru

p
 1

9
7

3
 citin

g
 p

e
rso

n
a

l
co

m
m

u
n

ica
tio

n
 w

ith
 S

ta
m

p
e

).  In
 K

a
iw

á
, stre

ss a
ffe

cts th
e

 d
e

g
re

e
 o

f n
a

sa
liza

tio
n

.
B

rid
g

e
m

a
n

 (1
9

6
1

) n
o

te
s th

a
t in

 n
a

sa
l m

o
rp

h
e

m
e

s, n
a

sa
liza

tio
n

 is stro
n

g
e

st in
 stre

sse
d

sylla
b

le
s a

n
d

 co
n

sid
e

ra
b

ly w
e

a
ke

r in
 u

n
stre

sse
d

 p
o

sitio
n

s.
F

in
a

lly it m
a

y b
e

 o
b

se
rve

d
 th

a
t a

 va
ria

b
le

 in
 n

a
sa

l h
a

rm
o

n
y is th

e
 d

ire
ctio

n
 o

f
n

a
sa

l 
sp

re
a

d
. 

 
T

h
is 

m
a

y 
b

e
 

rig
h

tw
a

rd
 

(p
ro

g
re

ssive
), 

le
ftw

a
rd

 
(a

n
ticip

a
to

ry) 
o

r
b

id
ire

ctio
n

a
l.  E

a
ch

 o
f th

e
se

 is w
e

ll-a
tte

ste
d

; h
o

w
e

ve
r, w

h
e

n
 sp

re
a

d
in

g
 is u

n
id

ire
ctio

n
a

l,
rig

h
tw

a
rd

 n
a

sa
liza

tio
n

 a
cro

ss sylla
b

le
s is m

u
ch

 m
o

re
 co

m
m

o
n

 th
a

n
 n

a
sa

liza
tio

n
 to

 th
e
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le
ft.  In

 sp
ite

 o
f th

is d
iffe

re
n

ce
 in

 fre
q

u
e

n
cy, th

e
 d

ire
ctio

n
 o

f sp
re

a
d

in
g

 is n
o

t p
re

d
icta

b
le

a
n

d
 m

u
st b

e
 in

d
e

p
e

n
d

e
n

tly sta
te

d
.

2
0

2
0  B

u
t se

e
 C

o
h

n
 (1

9
9

3
c) fo

r d
iscu

ssio
n

 o
f a

 g
e

n
e

ra
l co

rre
la

tio
n

 b
e

tw
e

e
n

 d
e

le
tio

n
 o

r e
ffa

ce
m

e
n

t o
f

th
e

 n
a

sa
l trig

g
e

r a
n

d
 d

ire
ctio

n
a

lity o
f sp

re
a

d
in

g
.
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2.4.2
T

he nasal harm
ony database (condensed version)

i. V
ow

els
(G

lottals)
G

lides
Liquids

F
ricatives

O
bstruent stops

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

B
a

ra
sa

n
o

(N
orthern dialect;

T
ucanoan,

C
olom

bia)

N
asal vow

els
(nasal stops
if posited in
U

R
)

V
, h

R
ight

T
his restrictive right-

spreading pattern is
quite different from

 full
spreading in the
S

outhern dialect and
should be reverified.

S
tolte &

 S
tolte

1971; S
teriade

1993a

G
u

a
h

ib
o

(G
uahibo-

P
am

aguan;
C

olom
bia,

V
enezuela)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, h
R

ight
K

ondo &
 K

ondo
1967

M
ixte

c
(A

yutla dialect;
M

ixtecan;
M

exico)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, /
R

ight
T

he glottal fricative is
rare in this dialect.

P
ankratz &

 P
ike

1967

M
ixte

c
(M

ixtepec dialect;
M

ixtecan;
M

exico)

N
asal stops

V
, /

R
ight

T
here is no [h] in the

language.
P

ike &
 Ibach

1978

M
ixte

c
(M

olinos dialect;
M

ixtecan;
M

exico)

N
asal stops

V
, h

, /
B

id
ir.

N
asalization is lim

ited
to a dom

ain of a
disyllabic couplet w

hich
form

s the nucleus of the
phonological w

ord.

H
unter &

 P
ike

1969; B
eddor

1983

M
ixte

c
(S

ilacayoapan
dialect; M

ixtecan;
M

exico)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, /
B

id
ir.

N
asal harm

ony is
lim

ited to dom
ain of a

disyllabic couplet w
hich

form
s the nucleus of the

phonological w
ord.  [h]

does not seem
 to

becom
e nasalized.

N
orth &

 S
hields

1977; M
arlett

1992
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

P
am

e O
tom

i
(O

topam
ean;

M
exico)

N
asal vow

els
V

, h
, /

R
ight

G
ibson’s description

suggests that nasality
spreads through m

ore
segm

ents, but exam
ples

only show
 spreading

th
ro

u
g

h
 vo

w
e

ls,
glottals (as noted by
S

ch
o

u
ru

p
).

G
ibson 1956;

S
chourup 1973;

B
eddor 1983

S
u

n
d

a
n

e
se

(H
esperonesian;

Indonesia)

N
asal stops

V
, h

, /
R

ight
[/] is not phonem

ic.
T

here are interesting
com

plexities w
ith nasal

harm
ony and infixation. R

o
b

in
s 1

9
5

3
,

1957;
Langendoen
1968; A

nderson
1972; H

ow
ard

1973; C
ondax et

al. 1974; H
art

1981; van der
H

ulst &
 S

m
ith

1982; C
ohn

1
9

9
0

, 1
9

9
3

a
, b

,
P

iggott 1992,
B

enua 1997;
W

alker &
 P

ullum
1997

T
in

rin
(M

elanesian)
N

asal stops;
P

renasalized
stops; N

asal
vow

els

V
Left

G
lo

tta
ls [h

, h
w

],
behave in som

e w
ays

like voiceless velar
continuants.

O
sum

i 1995

ii. 
V

o
w

e
ls

(G
lo

tta
ls)

G
lid

e
s

L
iq

u
id

s
F

rica
tive

s
O

b
stru

e
n

t sto
p

s

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

A
ce

h
n

e
se

(H
esperonesian;

Indonesia)

N
asal stop

(N
asal V

?)
V

, j, w
,

h
, /

R
ight

T
riggering segm

ent in
penultim

ate syllable.
D

urie 1985

A
g

u
a

ru
n

a
(Jivaroan; P

eru)
h
), placeless

coda nasal
V

, j, w
B

id
ir.

[h
)] is in com

plem
entary

distribution w
ith a velar

n
a

sa
l.

P
ayne 1974;

B
ivin 1986; T

rigo
1988; W

alker &
P

ullum
 1997
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

A
ra

b
e

la
(Z

aparoan; P
eru)

N
a

sa
l sto

p
s,

h
)

V
, j, w

R
ight

G
lottal fricative is nasal

in all environm
ents.

R
ich 1963;

H
ow

ard 1973;
B

eddor 1983;
W

alker &
 P

ullum
1997

B
a

rib
a

(V
oltaic; N

igeria)
N

a
sa

l sto
p

s,
N

asal vow
els

V
, j

Left
S

preading seem
s to be

restricted to the
syllable.

W
elm

ers 1952;
B

eddor 1983

B
re

to
n

(C
eltic; F

rance)
N

asal vow
els

V
, w

Left
N

o glottals in the
language.  P

atterning of
[j] is unclear.

T
ernes 1970;

D
ressler 1972;

S
chourup 1973;

W
alker &

 P
ullum

1997

C
apanahua

(P
anoan; P

eru)
N

asal stop
V

, j, w
,

h
, /

see
note:

N
asality spreads to left,

but if nasal C
 is deleted,

spreading is
bidirectional.

Loos 1969; H
alle

&
 V

ergnaud
1981; van der
H

ulst &
 S

m
ith

1982; S
afir 1982;

P
iggott 1987,

1992; T
rigo 1988

C
h

in
a

n
te

c
(T

epetotutla
dialect;
C

hiantecan;
M

exico)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, j, w
,

w
eak

velar
(sem

i)-
co

n
s.

R
ight

S
preading is syllable-

b
o

u
n

d
.

W
estley 1971;

W
alker &

 P
ullum

1997

D
a

ya
k

(K
endayan

dialect;
Indonesian;
B

orneo)

N
asal stops

(?)
V

,
glottals,
glides

R
ight

D
escription from

 C
ourt

(1970) citing
D

unselm
an.

D
unselm

an 1949;
C

ourt 1970

D
a

ya
k

(Land - B
ukar

S
adong dialect;

H
esperonesian;

Indonesia)

N
asal stops

V
, j, w

,

h
, /

R
ight

G
lottal stop is described

by S
cott as a ‘junction

feature’.  G
lides/glottals

block in som
e w

ords.

S
cott 1964; C

ourt
1970; S

chourup
1973

D
a

ya
k

(Land - M
e&ntu

dialect;
Indonesian;
S

araw
ak)

N
asal stops

V
, j, w

,

h
, /

R
ight

G
lides/glottals block in

so
m

e
 w

o
rd

s.
C

ourt 1970
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

D
a

ya
k

(S
ea dialect;

Indonesian;
S

araw
ak)

N
asal stops

V
, j, w

,
glottals
(?)

R
ight

S
cott 1957;

K
enstow

icz &
K

isseberth 1979

K
o

n
ka

n
i

(Indo-Iranian;
India)

N
asal stops;

N
asal vow

els
V

, j
Left
(see
note:)

S
preading also to right

but just to w
ord-final

se
g

m
e

n
ts.

F
ellbaum

 1981;
G

hatage 1963;
B

eddor 1983;
W

alker &
 P

ullum
1997

Lam
ani

(Indo-A
ryan;

G
ulbarga D

istrict,
India)

N
asal vow

els
V

, j, w
R

ight
T

rail is not explicit
about the behavior of
[h] in nasalization.

T
rail 1970

M
a

d
u

re
se

(M
alayo-

P
olynesian;

Indonesia)

N
asal stops

V
, j, w

,

h
, /

R
ight

G
lides spread through

are not phonem
ic;

phonem
ic glides are

rare.  T
here is an

interesting interaction
betw

een nasal harm
ony

and reduplication.

A
. S

te
ve

n
s 1

9
6

8
,

1985; M
ester

1986; M
cC

arthy
&

 P
rince 1995

M
a

la
y

(Johore dialect;
Indonesian;
M

alaysia)

N
asal stops

V
, j, w

,

h
, /

R
ight

G
lottal stop is not

phonem
ic.

D
yen 1945; C

ourt
1970; K

enstow
icz

&
 K

isseberth
1979; O

nn 1980;
P

ulleyblank 1989;
P

iggott 1992

M
a

la
y

(U
lu M

uar
dialect;
Indonesian;
M

alaysia)

N
asal vow

els
V

, j, w
,

h
, /

Left
N

asal vow
els occur

phonem
ically only in

stressed syllables.

S
cott 1964;

H
endon 1966

M
arathi

(Indo-A
ryan;

India)

N
asal stops

V
, j, w

Left
N

asalization is lim
ited

to the syllable.  T
here is

no glottal stop.  [h] is
described as voiced.
W

hether [h] can be
nasalized is unclear.

P
andharipande

1997

M
a

xa
ka

li
(Isolate; B

razil)
N

asal stops
V

, j, w
,

h
, /

B
idir.

G
udschinsky et

al. 1970;
A

nderson 1976;
W

alker &
 P

ullum
1997
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

M
e

la
n

a
u

(M
ukah dialect;

A
ustronesian;

S
araw

ak)

N
asal stops

V
, j, w

,

h
, /

R
ight

B
lust 1988

O
re

jo
n

(dialect described
by V

elie &
 V

elie;
T

ucanoan; P
eru)

N
asal vow

els
V

, j, h
R

ight
N

asalization is
contrastive only in
initial syllable.
B

ehavior of glottal stop
is unclear.

V
elie &

 V
elie

1981; C
ole &

K
isseberth 1995

O
riya

(C
olloquial

variety; Indo-
A

ryan; India)

N
asal stops

V
, j, w

B
id

ir.
N

asalization of vocoids
occurs under deletion of
a nasal stop in
colloquial speech.

P
atnaik 1984;

P
iggott 1987

R
e

ja
n

g
(A

ustronesian;
S

outh S
um

atra)

N
asal stops

V
, j, w

R
ight

G
lottal stop blocks

nasal spread.
P

atterning of [h] is
unclear.

M
cG

inn 1979;
C

oady &
 M

cG
inn

1982

S
a

ra
m

a
cca

n
(S

urinam
)

N
asal stops

V
, j, ¯

R
ight

N
asality in syllable

rhym
e spreads across

lam
inal (palatal)

so
n

o
ra

n
ts.

R
ountree 1972

S
e

n
e

ca
(Iroquoian;
C

anada, U
S

A
)

N
a

sa
l sto

p
s,

N
asal vow

els
V

,
g

lid
e

s,
glottals

B
id

ir.
C

hafe reports that [sw
]

does not block
spreading. S

om
e

com
plications in left

sp
re

a
d

in
g

.

H
olm

er 1952;
C

hafe 1967;
B

eddor 1983

T
e

re
n

a
/o

(A
raw

akan;
B

razil)

F
irst person

m
orphem

e
V

, j, w
,

/

R
ight

N
asalization is

m
orphem

ic (m
arks 1st

p
e

rs). [h
, h

J]  p
a

tte
rn

 a
s

fricatives, not glottals.
It is not clear w

hether
/l, r/ block or undergo.

B
endor-S

am
uel

1960; Leben
1973; H

art 1981;
B

ivin 1986;
P

iggott 1987;
C

ole &
K

isseberth 1995

W
arao

(Isolate;
V

enezuela;
G

uyana)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, j, w
,

h

R
ight

T
here is no phonem

ic
glottal stop in the
language.

O
sborn 1966;

S
chourup 1973;

P
iggott 1987;

P
iggott 1992

U
ra

k L
a

w
o

i’
(H

esperonesian;
T

hailand,
M

alaysia)

N
asal stops

V
, j, w

R
ight

T
rigger m

ust be in the
penultim

ate syllable
(stressed).  B

ehavior of
[h

, /] is n
o

t d
iscu

sse
d

. H
ogan 1988
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

U
rd

u
(Indo-Iranian;
P

akistan, India)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, j, w
,

h

B
id

ir.
T

here is no phonem
ic

glottal stop in the
language.

H
oenigsw

ald
1948; P

oser
1982; W

alker &
P

ullum
 1997

iii. 
V

o
w

e
ls

(G
lo

tta
ls)

G
lid

e
s

L
iq

u
id

s
F

rica
tive

s
O

b
stru

e
n

t sto
p

s

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

E
d

o
(K

w
a, N

igeria)
N

asal vow
els

V
, l, r

([+so
n

])

R
ight

N
asal spreading targets

sonorants in suffixes
after a nasal stem

 vow
el

(glides/ glottals do not
occur in relevant
a

ffixe
s).

A
ikhionbare 1989

E
n

g
lish

(M
idw

estern
dialect; G

erm
anic;

U
S

A
)

N
asal stops

V
, j, w

,

h
, l, r

Left
D

escription from
S

ch
o

u
ru

p
 (1

9
7

2
, 1

9
7

3
)

citing S
tam

pe (p.c.).
N

asalization spreads
only up to a stressed
syllable.

S
ch

o
u

ru
p

 1
9

7
2

,
1973

E
p

e
n

a
 P

e
d

e
e

(S
aija; C

hoco;
C

olom
bia)

N
asal vow

els
(N

asal stops
if posited in
U

R
)

V
, j, w

,

h
, R

R
ight

T
he flap undergoes

nasalization but the trill
blocks.  P

atterning of
glottal stop is unclear.

H
a

rm
s 1

9
8

5
,

1994; B
ivin 1986

E
pera

(C
hoco; P

anam
a) N

asal
m

orphem
e

V
,

g
lid

e
s,

glottals,
liquids

R
ight

T
his describes cross-

m
orphem

e spreading.
P

atterning of voiced
fricatives is unclear.

M
orris 1977;

B
ivin 1986

E
w

e
/G

b
e

(K
w

a
; G

h
a

n
a

,
T

o
g

o
, B

é
n

in
,

N
igeria)

N
asal vow

els
j, w

, Á
,

l, R, r,

ƒ
, b

Left
T

here are no glottals.
S

preading is in the
syllable. [ƒ

, b] alternate
w

ith [N
, m

] and m
ight

be treated as sonorants. C
apo 1981

H
in

d
i

(Indo-Iranian;
India, P

akistan)

N
asal vow

els
V

, j, w
,

h
, }

Left
(bi-
dir?)

N
asalization of

consonants is supported
by nasograph data (M

.
O

hala 1975).

M
. O

hala 1975
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

Ijo
(K

olokum
a

dialect; K
w

a;
N

igeria)

N
a

sa
l sto

p
s,

N
asal vow

els
V

, j, w
,

R, l

Left
/l/ becom

es [n] before
nasal vow

els.
W

illiam
son (1969)

reports a sim
ilar pattern

in K
alabari and N

em
be

dialects. P
atterning of

[h] is unclear.

W
illiam

son 1965,
1

9
6

9
b

, 1
9

8
7

;
P

iggott 1992

Is
o

k
o

(O
zoro dialect;

K
w

a; N
igeria)

N
asal vow

els
j, w

, R,

®

Left
S

preading appears to be
syllable-bound.
P

atterning of [h] is
unclear.

M
afeni 1969

K
a

ya
n

(U
m

a Jum
an

dialect;
A

ustronesian;
S

araw
ak)

N
asal stops

V
, j, w

,

h
, /

, l

R
ight

B
lust notes that it could

not be determ
ined

w
hether /r/ perm

its
carry-over of
nasalization.

B
lu

st 1
9

7
7

, 1
9

9
6

K
p

e
lle

(M
ande; Liberia,

G
uinea)

N
asal vow

els
V

, j, l,

ƒ

R
ight

[ƒ] represents a velar
re

so
n

a
n

t.
W

elm
ers 1962;

P
ulleyblank 1989

M
andan

(S
io

u
a

n
, U

S
A

)
?

V
, w

, h
,

r

?
D

escription from
S

chourup (1972) citing
H

ollow
 (1970)

S
chourup 1972

(citing H
ollow

1970)

S
p

a
n

ish
(S

outh C
astilian

dialect; R
om

ance) N
asal

segm
ent

[+
so

n
]

B
id

ir.
C

lem
ents 1977;

S
afir 1982

T
u

ca
n

o
(T

ucanoan;
C

olom
bia)

N
asal

m
orphem

e
V

, j, w
,

h
, /

, r

R
ight

T
his pattern occurs in

spreading across
m

orphem
es (to

alternating affixes). [g]
also does not block
sp

re
a

d
in

g
.

W
est &

 W
elch

1967, 1972; W
est

1980; B
ivin 1986;

T
rigo 1988,

N
o

ske
 1

9
9

5

T
u

yu
ca

(T
ucanoan;

C
olom

bia, B
razil)

N
asal

m
orphem

e
V

, j, w
,

h
, r

R
ight

T
his pattern occurs in

spreading across
m

orphem
es (to

alternating affixes). [g]
also does not block
sp

re
a

d
in

g
.

B
arnes &

 T
akagi

de S
ilzer 1976;

B
ivin 1986;

B
arnes &

 M
alone

1988; B
arnes

1996

U
rh

o
b

o
(K

w
a, N

igeria)
N

asal
vo

w
e

ls,
N

asal stops?

V
, j, w

,

B
, R

Left
[B] represents a bilabial
frictionless continuant.
T

here are no glottals in
the language.

K
elly 1969;

P
iggott 1992
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

Y
o

ru
b

a
(O

yo - S
tandard

dialect; K
w

a;
N

igeria)

N
asal vow

els
V

, j, w
,

R, l

Left
/l/ becom

es [n] before
nasal vow

els.  N
asal

spreading appears to be
syllable-bound.

W
ard 1952;

B
am

gbose
1

9
6

6
b

, 1
9

6
9

;
B

eddor 1983;
P

ulleyblank 1989

iv. 
V

o
w

e
ls

(G
lo

tta
ls)

G
lid

e
s

L
iq

u
id

s
F

rica
tive

s
O

b
stru

e
n

t sto
p

s

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

E
n

n
e

m
o

r
(S

em
itic;

E
thiopia)

U
nclear

V
, j, w

,

/, r, B
,

Z

?
Interesting historical
basis to nasalization.

H
etzron &

M
arcos 1966

Itse
ke

ri
(K

w
a; N

igeria)
N

asal vow
els

j, w
, R,

ƒ

Left
V

oiceless fricatives do
not undergo. S

preading
appears to be syllable
bound.  T

here are no
glottals in the language

O
pubor 1969

S
co

ttish
G

a
e

lic
(A

pplecross
dialect; C

eltic;
S

cotland)

N
asal vow

els
(in a stressed
syllable)

V
,

g
lid

e
s,

glottals,
liq

u
id

s,
frics.

R
ight

(see
note:)

N
asalization also

extends to onset of the
stressed syllable.  M

id-
high vow

els are never
nasalized and block
sp

re
a

d
in

g
.

T
ernes 1973, van

der H
ulst &

S
m

ith 1982;
P

iggott 1992

U
M

b
u

n
d

u
(B

enue-C
ongo;

A
ngola)

N
asal

continuant
co

n
so

n
a

n
ts,

N
asal vow

els

V
, j, w

,

h
, l, v

B
id

ir.
In addition to nasal
sto

p
s a

n
d

 vo
w

e
ls,

U
m

bundu has /v), l ‚, j ‚,
h
)/.  D

om
ain of

spreading is
com

plicated —
 see

S
chadeberg (1982).

S
chadeberg 1982
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v. 
V

o
w

e
ls

(G
lo

tta
ls)

G
lid

e
s

L
iq

u
id

s
F

rica
tive

s
O

b
stru

e
n

t sto
p

s

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

A
p

in
a

yé
(G

e; B
razil)

N
asal vow

els
j, r, v

,
nasal or
voiced
sto

p
s

B
id

ir.
S

preading is lim
ited to

syllable.  /j, r, v/ each
range betw

een glide,
liquid, and fricative
constriction. N

asal/
voiced stops are fully
nasal in nasal syllables;
otherw

ise they are
pre/post-nasalized.

B
urgess &

 H
am

1968; S
teriade

1993a

B
a

ra
sa

n
o

(N
orthern dialect;

T
ucanoan,

C
olom

bia)

N
asal vow

els
A

ll
classes
o

f se
g

s

Left
N

asal spreading to left
is syllable-bound.
V

oiceless stops rem
ain

o
ra

l.

S
tolte &

 S
tolte

1971; S
teriade

1993a

B
a

ra
sa

n
o

(S
outhern dialect;

T
ucanoan,

C
olom

bia)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
S

m
ith &

 S
m

ith
1971; Jones &
Jones 1991;
P

iggott 1992,
R

ice 1993;
S

teriade 1993a

B
rib

ri
(C

hibchan; C
osta

R
ica)

N
asal vow

el
in a tonic
syllable.

A
ll

classes
o

f se
g

s

Left
V

oiceless obstruents
block spreading.
S

preading targets atonic
syllables.

C
onstenla 1985

C
a

b
é

ca
r

(S
outhern dialect;

C
hibchan)

N
asal vow

els
A

ll
classes
o

f se
g

s

Left
V

oiceless obstruents
block spreading.

C
onstenla 1985

C
a

b
é

ca
r

(N
orthern dialect;

C
hibchan)

N
asal vow

els
A

ll
classes
o

f se
g

s

Left
V

oiceless obstruents
behave transparent to
sp

re
a

d
in

g
.

C
onstenla 1985

C
a

yu
va

va
(Isolate; B

olivia)
N

a
sa

l sto
p

s,
N

asal vow
els

A
ll

classes
o

f se
g

s

B
id

ir.
V

oiceless obstruents
behave transparent.
D

escription is vague
concerning dom

ain and
nasalization of som

e
intervening consonants. K

e
y 1

9
6

1
, 1

9
6

7
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

C
u

b
e

o
(T

ucanoan;
C

olom
bia)

N
asal vow

els
A

ll
classes
o

f se
g

s

Left
V

oiceless stops rem
ain

oral. S
alser describes

this as spreading to
onsets; it is unclear
w

hether spreading
across syllables takes
place.

S
alser 1971

D
e

sa
n

o
(T

ucanoan;
C

olom
bia, B

razil)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
K

aye 1971;
Leben 1973;
M

iller 1976;
B

ivin 1986;
S

teriade 1993a

E
p

e
n

a
 P

e
d

e
e

(S
aija; C

hoco;
C

olom
bia)

N
asal vow

els
(nasal stops
if posited in
U

R
)

A
ll

classes
o

f se
g

s

Left
V

oiceless stops rem
ain

oral; voiceless fricatives
are reportedly
nasalized.  Left
spreading is restricted
to syllable.

H
a

rm
s 1

9
8

5
,

1994; B
ivin 1986

E
pera

(C
hoco; P

anam
a) N

asal vow
els

(?)
A

ll
classes
o

f se
g

s

R
ight

T
his for m

orphem
e-

internal spreading.
V

oiceless obstruents
block in ‘norm

al’
speech; but they behave
transparent in fast
sp

e
e

ch
.

M
orris 1977;

B
ivin 1986

G
b

e
ya

(A
dam

aw
a-

E
astern; C

entral
A

frican R
epublic)

N
asal vow

els
A

ll
classes
o

f se
g

s

R
ight

V
oiceless stops rem

ain
oral.  B

ehavior of
fricatives and voiced
stops is unclear.

S
am

arin 1966;
B

eddor 1983;
S

teriade 1993a

G
o

ka
n

a
(B

enue-C
ongo;

N
igeria)

N
a

sa
l sto

p
s,

N
asal vow

els
A

ll
classes
o

f se
g

s

R
ight

V
oiceless segm

ents do
not occur in the
environm

ent for
nasalization (they occur
only initially).  T

here
are no glottals.

H
ym

an 1982;
P

iggott 1987;
S

teriade 1993a

G
u

a
n

a
n

o
(T

ucanoan;
C

olom
bia)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
W

altz &
 W

altz
1

9
6

7
, 1

9
7

2
;

B
ivin 1986
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

G
u

a
ra

n
í

(T
upí; P

araguay,
B

razil, A
rgentina)

N
asal vow

el
in a stressed
syllable

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
S

tressed syllables
containing an oral
vow

el block spreading. G
regores &

S
uárez 1967;

R
iva

s 1
9

7
4

, 1
9

7
5

(for others see
chapter 4)

G
u

a
ym

i
(P

anam
a)

N
ear past

com
pleted

action
m

orphem
e

A
ll

classes
o

f se
g

s

R
ight

N
asalization m

arks near
past com

pleted action in
cla

ss II ve
rb

s.
V

oiceless consonants
and back vow

els block.
V

oiced obstruents are
variable in their
behavior.

K
opesec &

K
o

p
e

se
c 1

9
7

4
,

1975; B
ivin 1986

Ig
b

o
(C

entral, O
huhu

dialect; Igbo;
N

igeria)

S
yllable-level

property (or
nasal stops
and nasal
vow

els)

A
ll

classes
o

f se
g

s

B
id

ir.
W

ith the exception of
voiceless stops, all
segm

ents are reported
to have nasal alternants,
including fricatives.

G
reen &

 Igw
e

1963 W
illiam

son
1969a; C

lark
1990;

Icua T
upí

(T
upí-G

uaraní;
B

razil)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll

classes
o

f se
g

s

B
id

ir.
D

escription is only
tentative: based on
speakers. R

ealization of
/h/ and /r/ in a nasal
context is unclear.

A
braham

son
1968; B

ivin 1986

K
a

iw
á

(T
upí-G

uaraní;
B

razil)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

V
,

g
lid

e
s,

glottals,
liq

u
id

s,
frics.,
sto

p
s

B
id

ir.
G

lottal stops block
nasal spread in slow
speech.  R

ealization of
glides, liquids, and
fricatives in nasal
contexts is unclear.
V

oiceless stops are
transparent.

B
ridgem

an 1961;
H

arrison &
T

aylor 1971

M
ixte

c
(A

tatlahuca
dialect; M

ixtecan;
M

exico)

M
orphem

e
level
property or
last vow

el

A
ll

classes
o

f se
g

s

Left
V

oiceless obstruents
block spreading.
V

oiced segm
ents

becom
e nasalized.

A
lexander 1980;

M
arlett 1992

M
ixte

c
(C

oatzospan
dialect; M

ixtecan;
M

exico)

S
econd

person
fam

iliar
m

orphem
e

A
ll

classes
o

f se
g

s

Left
V

oiceless obstruents
generally block
spreading.  V

oiced
obstruents behave
transparent.

P
ike &

 S
m

all
1974; P

iggott
1992; G

erfen
1996

- 78 -

Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

M
ixte

c
(O

cotepec dialect;
M

ixtecan;
M

exico)

M
orphem

e
level
property or
last vow

el

A
ll

classes
o

f se
g

s

Left
V

oiceless obstruents
behave transparent to
spreading. V

oiced
segm

ents becom
e

nasalized

M
arlett 1992

O
re

jo
n

(dialect described
by A

rnaiz;
T

ucanoan; P
eru)

M
orphem

e-
level
property or
first syllable

A
ll

classes
o

f se
g

s

R
ight

D
escription from

P
ulleyblank citing

A
rnaiz. V

oiceless
obstruents block
spreading. V

oiced
obstruents are
nasalized.

A
rnaiz 1988;

P
ulleyblank 1989

P
a

rin
tin

tin
(T

upí-G
uaraní;

B
razil)

N
asal vow

els
(or
m

orphem
e-

level
property)

A
ll

classes
o

f se
g

s

?
V

oiceless obstruents
block spreading.
V

oiced obstruents are
nasalized.

P
ease &

 B
etts

1971; H
art 1981;

B
ivin 1986

S
h

iria
n

a
(S

hirianan;
V

enezuela,
B

razil)

N
asal vow

el
(or foot-level
property)

A
ll

classes
o

f se
g

s

B
id

ir.
N

asal spreading is
bounded by the foot.  It
is unclear w

hether all
obstruents behave
transparent or w

hether
som

e becom
e nasalized. M

igliazza &
G

rim
es 1961;

B
eddor 1983

S
iria

n
o

(T
ucanoan,

C
olom

bia, B
razil)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
B

ivin 1986 (citing
M

alone et al.
1985)

T
a

tu
yo

(T
ucanoan;

C
olom

bia)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
G

om
ez-Im

bert
1980; S

teriade
1993a

T
u

ca
n

o
(T

ucanoan;
C

olom
bia)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
T

his pattern occurs in
m

orphem
e-internal

sp
re

a
d

in
g

.

W
est &

 W
elch

1967, 1972; W
est

1980; B
ivin 1986;

T
rigo 1988,

N
o

ske
 1

9
9

5
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Language:
T

riggers:
T

hru:
D

ir:
C

om
m

ents:
S

elected R
efs:

T
u

yu
ca

(T
ucanoan;

C
olom

bia, B
razil)

M
orphem

e-
level
property (or
nasal vow

el/
stop)

A
ll segs

B
id

ir.
V

oiceless segm
ents

behave transparent.
T

his pattern occurs in
m

orphem
e-internal

sp
re

a
d

in
g

.

B
arnes &

 T
akagi

de S
ilzer 1976;

B
ivin 1986;

B
arnes &

 M
alone

1988; B
arnes

1996
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