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Vowel Systems in Mandarin Languages
Doctor of Philosophy, 1999
Hong Zhou

Graduate Department of Linguistics, University of Toronto

Abstract

This dissertation presents a comparative study of the vowel systems in 37 Mandarin

languages.

I examine the phonological vowel inventory in each language based on evidence from the
distribution of the surface vowels. The distribution includes where a surface vowel is
found, and how it relates to other segments in the language. One striking fact which is
found in ail the Mandarin languages examined is that the vowel /8/ is always able to
assimilate to a neighboring glide [j], and in some languages to both {j] and [w]. Some
constraints are called for in order to explain the full range of data in Mandarin. These
constraints include the domain, locality, and structure in /2/ assimilation, the degree of
structural complexity of certain segments, the requirement of the Obligatory Contour
Principle, the structure for the application of certain default rule, and the type of vowel

sequences that are allowed. These are the fabric of Mandarin vowels.

The study is conducted within the framework of the contrastive specification approach
developed at the University of Toronto. This theory suggests that a vowel is specified for a
feature either because of its phonological behavior in the language, or because of its
contrast with other vowels in the language. Four types of Mandarin phonological vowel

inventories have been identified depending on the number of phonemes in each system and
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the way each phoneme is realized on the surface. The results of feature specification in each
language account for the phonology in the language. For instance, in the language
Chengde, there are two vowels specified for a place feature. Both vowels are triggers of
place assimilation in the language. In the language Harbin, only one vowel is specified for
place feature. This is also the only vowel that acts as a trigger in place assimilation in the
language. In a different approach, say full specification, where a vowel is fully specified,
there would be no explanation for the fact that both vowels acting as the trigger of place

assimilation in one language whereas only one in the other.

Mandarin phonological vowel inventories provide insight into the issue of vowel place
feature markedness. In particular, in the Harbin-type languages, the place feature [Coronal]}
is present in the vowel system; the place feature [Labial] is absent. [Labial] is less marked

than [Coronal] at least in these languages.
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Chapter 1 Introduction

This thesis is a comparative study of vowel systems in Mandarin languages. There are two
goals of the thesis. The first is to conduct a detailed study of the sound patterns of selected
Mandarin languages, focusing on vowel inventories. Such a comparative study of different
Mandarin vowel systems has not been done before. The second goal of the thesis is to
examine Mandarin vowel inventories within the theory of contrastive specification,

showing that the vowel realized as [u] is variable in its patterning across the family.

In this chapter I introduce in section 1.1 the group of Mandarin languages to be examined

in the thesis. In section 1.2 I present the outline of the thesis.

1.1 Mandarin languages under study

In this section [ introduce the Mandarin languages. First a few comments on definitions.
The term “Chinese” (language) has been used in both broad and narrow senses.
Linguistically speaking, “Chinese languages” refers to the seven language families spoken
within China. They are: Wu, Xiang, Gan, Hakka, Min, Yue, and Mandarin.

Mandarin is the largest family among the seven, in terms of both area and population.
Mandarin can be further divided into five linguistic sub-groups: the northern, the
northwestern, the Jin, the southwestern, and the Jianghuai groups.! When I introduce each
of the Mandarin languages under study in the thesis, I will mention the sub-group each
belongs to. The geography of the four subgroups will be seen then.

1 This classification is based on Chen and Li 1996. Jin was not treated as an independent subgroup in Yuan
1960. Recently it has been proposed that Jin is a language family by itself, parallel to Mandarin and other

Chinese language families (personal communication with Jenny Wang).



Most of the data of the languages included in this study come from Chen and Li 1996, a
book of five volumes, with data on 93 Mandarin languages. The data include the consonant
and vowel systems and consonant-vowel cooccurrence sequences in each language
(volumes 1 and 2), and the pronunciation in the 93 languages of close to 3,000 lexical
items (volumes 3, 4, and 5). My comparative study of the Mandarin vowel systems would

be impossible without this book.

The Mandarin languages to be examined in this thesis are divided into two major groups
according to the size of the vowel inventory, i.e., four or five-vowel inventories. Four-
vowel inventories are discussed in Chapter 4. Five-vowel inventories are discussed in
Chapter 3. Four-vowel inventories can be further divided into two types according to the
inventory shape. The first type includes 12 languages with four-vowel inventories. Some

relevant data is provided in the table below.



(1) Mandarin languages with four-vowel inventories: type I

Harbin v Northern Heilongjiang | 2,520,000
Qiqgihar Northern Heilongjiang 1,210,000
Heihe Northern Heilongjiang 70,000
Jiamusi II Northern Heilongjiang 3,000,000
Baicheng 'W Northern Jilin 2,610,000
Changchun Northern Jilin 1,750,000
Tonghua Northern Jilin 360,000
Shenyang Northern Liaoning 5,200,000
Dalian Northern Liaoning 1,480,000
Chifeng Northern Inner Mongolia 290,000
Linhe Jin Inner Mongolia 370,000
Taiyuan Jin Shanxi 1,750,000

In the above table, I list the Mandarin sub-group each language belongs to, the province
each city is located in, and the population of each city. As we see, most languages in this
type belong to the northern sub-group, though some belong to the Jin sub-group. The
population of each location/city is given. I choose the language Harbin for a case study in

Chapter 4. See Appendix 3 for the geographical location of each language.

The second group includes 19 languages with another type of four-vowel inventory. I

provide below relevant information in (2).



(2) Mandarin languages with four-vowel inventories: type II

Province Pogulation
Chengde v Northern Hebei 330,000
Tangshan Northern Hebei 1,410,000
Baoding Northern Hebei 500,000
Cangzhou Northern Hebei 4,000,000
Shijiazhuan Northern Hebei 1,070,000
Dandong Northern Liaoning 550,000
Hailar Northern Inner Mongolia 160,000
Lingbao Northern Henan 580,000
Yuanyang Northern Henan 490,000
Beijing Northern Beijing 9,180,000
Tianjin Northern Tianjin 7,790,000
Yantai Northern Shandong 390,000
Jinzhou Jin Shanxi 390,000
Yangyuan Jin Hebei 230,000
Handan Jin Hebei 930,000
Tianshui North-western Gansu 190,000
Hanzhon North-western Shanxi 370,000
Hami North-western Xinjiang 430,000
Urumchi North-western Xinjiang 960,000

The languages in (2) belong to three different Mandarin sub-groups, northern,
northwestern, and Jin, and to ten different provinces. Chengde is chosen as the
representative language for discussion in Chapter 4. See Appendix 3 for the geographical

location of each language.



The third type of Mandarin languages has a five-vowel inventory. These languages include
Linfen, Jining, Xiangfan, and Yichang, as shown below.

(3) Mandarin languages with five-vowel inventories: type [

Mandarin sub-grou
Linfen Northern Shanxi 210,000
Jining Northern Shandong 740,000
Xiangfan Southwestern Hubei 320,000
Yichang Southwestern Hubei 370,000

A case study of Linfen is presented in Chapter 3. See Appendix 3 for the geographical

location of each language.

The fourth and last type of Mandarin languages under study includes another set of five-
vowel inventories. These languages include Wuhan and Tianmen. Some relevant figures

are given beiow.

(4) Mandarin languages with five-vowel inventories: type II

Wuhan V || Southwestern Hubei 3,290,000

Tianmen || Southwestern IHubei 1,360,000

Wauhan is studied in Chapter 3. See Appendix 3 for the geographical location of each

language.



1.2 Outline of the thesis

In Chapter 2 I lay out the general theoretical framework I follow in the thesis. I adopt the
contrastive specification approach (Avery and Rice 1989, Dyck 1992, 1995, Rice 1992,
1993a,b, 1994, Rice and Avery 1993, Wilson 1993, Rose 1993, Walker 1993, Dresher
1994, Dresher, Piggott and Rice 1994, Wu 1994, Zhang 1996, among others) for
analyzing phonological vowel inventories. I also adopt the feature geometry approach
(Clements 1985, 1991, Sagey 1986, van der Hulst 1989, Rice and Avery 1991, Odden
1991, Lahiri and Evers 1991, Goad 1991, Clements and Hume 1995, among others) as a
tool to structurally represent specified features and phonological processes such as place
assimilation. In Chapter 2 I also discuss some assumptions about Mandarin languages,
which are required for the discussion in Chapters 3 and 4. These include assumptions
about Chinese syllable structure, Mandarin consonant systems, and the status of surface

palatal consonants in Mandarin.

Chapters 3 and 4 are the language chapters. Four types of Mandarin languages are
examined, based on the vowel inventories. Chapter 3 includes two types of five-vowel
inventories and Chapter 4 includes two types of four-vowel inventories. In both chapters I
focus on the relationship between phonetic and phonological vowel inventories, i.e., how a

phonetic inventory is derived from a phonological inventory.

In Chapter 5 I address the implications of Mandarin vowel inventories for two theoretical

issues, the procedure of feature specification and markedness relations in vowel

inventories.

In Chapter 6, I summarize the major contributions of the thesis.



Chapter 2 Theoretical framework and assumptions

In this chapter I lay out the theoretical framework I follow for the present study as well as
some assumptions about Mandarin languages that are crucial to the examination of
Mandarin vowel systems. There are five issues I will address and the chapter is organized
accordingly. The first two issues relate to the theoretical framework. In section 2.1.1 I
discuss the idea of contrastive specification. In section 2.1.2 I discuss the structural
representations I use for specified features, i.e., feature geometry. The other three issues
relate to assumptions about Mandarin languages. In section 2.2.1 I address Mandarin
syllable structure. In section 2.2.2 I discuss the patterns of consonant systems of Mandarin
languages, in particular the place feature specifications of consonants. Lastly in section
2.2.3 [ consider the status of surface palatal consonants in Mandarin languages. Section

2.3 concludes the chapter.

2.1 Theoretical framework

2.1.1 Contrastive specification

This study results from the Contrast and Complexity in Phonology project which I have
been working on for three years at the University of Toronto (Avery and Rice 1989, Rice
1992, 1993a,b, 1994, Rice and Avery 1993, Wilson 1993, Rose 1993, Walker 1993,
Dresher 1994, Dresher, Piggott and Rice 1994, Wu 1994, Dyck 1992, 1995, Zhang 1996,
Avery 1996, Hamilton 1996, among others). In this section, I present the contrastive

specification approach, a major theme of the project, which I pursue in the study.

Before [ lay out the general principles, I illustrate the framework with two cases.



The first language is Afar, a Cushitic language. In this language there are two high vowels,
front [i] and back [u]. The vowel [i] assimilates to [u], but not the other way round. The
second language is Korean (both Afar and Korean from Rose 1993). In this language there
are three high vowels, front {i], back [u], and central [i]. Here the central vowel [i]
assimilates to front [i] and to back [u]. In both cases we see an asymmetry in assimilation.

This asymmetrical pattern in assimilation can be explained if we assume that vowels are not
defined by all features they have phonetically, but by the number of vowels in the system.
In a language like Afar, where there are two high vowels, one feature is sufficient to
distinguish one from the other. Let us assume that this feature is Labial; see section 2.1.2.
The vowel /u/ is given this feature. The vowel /i/ is not given this feature, meaning it is not

Labial, as shown in (1).

(1) Afar high vowels
i h/
[Labial]

Assuming that triggers are characterized as having features to give, while targets can
receive features, the fact that /i/ assimilates to /u/ can be explained. It takes on from /u/ a

feature which it does not have.

In the second language, Korean, there are three high vowels. Two features are sufficient in
order to distinguish one from the other. Let us assume that one feature is Labial, given to

/u/, and the other feature is Coronal, given to /i/. A/ is left without a feature. I show this in

(2).



(2) Korean high vowels
[i] [u] H
[Coronal] [Labial]

This time since /A/ does not have any feature, it is eligible to take on features from /i/ and

from fu/.

Comparing the two languages, the vowel /i/ deserves comment. This same vowel is defined
differently in the two languages, since the inventory shapes are different in the two
languages. The vowel /i/ does not have a feature phonologically in Afar but has one in
Korean. This difference in underlying representation predicts nicely that /i/ acts as a target
in Afar (without a feature), but as a trigger in Korean (with a feature). This representational
approach allows for systematic differences in patterning that are related to systematic

differences between inventories to be accounted for in a straightforward and non-stipulative

way.

Above I have shown with two language cases the motivation of the contrastive specification
approach I pursue in the study. One might ask the following questions regarding the above
example. How do we determine how many features are needed for a two-high-vowel
system and how many features are needed for a three-high-vowel system? How do we
decide to give the feature Labial to /u/ in Afar, but to give the features Coronal and Labial to

/i/ and /u/, respectively, in Korean?

In accordance with ideas developed in works such as Avery and Rice 1989, Rice 1992,
1993a,b, 1994, Rice and Avery 1993, Dyck 1992, 1995, Wilson 1993, Rose 1993,
Walker 1993, Dresher 1994, Dresher, Piggott and Rice 1994, Wu 1994, and Zhang 1996,

among others, I assume that the features required to characterize a segment, vowel or



consonant, are determined by the following two factors: (1) the number of contrasts in the

system; (2) the phonology of the language. I explain these two principles next.

First, how many feature(s) a segment carries depends on the number of contrasts in the
system. I take high vowels as examples for illustration. If there is only one high vowel in a
system, this vowel does not contrast with another segment at its height. In other words, the
vowel does not contrast in place (front vs. central vs. back) with another segment. In this
case no place feature needs to be specified on this vowel. However, if there are two high
vowels in a system, say a front one /i/ and a back one /u/, one place feature is required to
distinguish between the two. That is, either a front place feature (assuming [Coronal])
could be specified on /i/, or a back place feature (assuming [Labial]) could be specified on
/u/, but not both. Further, in a third situation, if we add one more high vowel, we have a
front one /i/, a central one //, and a back one /u/. Now two place features are needed to
distinguish between the three. Assuming that central place does not involve a place feature
(e.g., Clements 1991, Rose 1993, Walker 1993, Steriade 1995, and Rice 1995), the front
/i is specified with the place feature Coronal and the back /u/ is specified with the place
feature Labial.

Thus specification is a relative issue. The status of a segment in a system is relative to other
segments in the system. If the system involves fewer contrasts, fewer features are required
for the purpose of specification. On the other hand, if a system involves more segments,

more features are required for contrasts.

The second factor that determines feature specifications is patterning within the language. I
_ continue with high vowels as examples. Above I have mentioned a situation in which there
are two high vowels in the system, /i/ and /u/. Only one place feature is needed in order to

distinguish between the two. The question is: how is that feature determined? I claim that it

10



is necessary to turn to phonological patterning to see which member of the pair is actually

selected for specification. Below I give a few hypothetical situations.

First, if, in a language, the vowel /u/ is found to trigger round harmony whereas the vowel
fi/ is not found to participate in any phonological activities, we may conclude that /u/ should
be specified with a place feature Labial since this feature is active in the phonology. /i/, on
the other hand, does not need to be specified for place underlyingly since its place feature is

inert in the language. In this case vowel harmony helps to determine specification.

Second, if, in a language, the front vowel /i/ triggers fronting of schwa, whereas the back
vowel /u/ does not trigger backing of schwa, this suggests that /i/ should be specified with
a place feature since this feature is active in the phonology. /u/ is not specified with a place
feature since this feature is inert in the language. In this second case, assimilation patterning

helps to determine specification.

In a third situation, if in a language the vowel /i/ is the vowel that is deleted in a certain
environment while /u/ remains, this might provide evidence that /i/ is a less marked vowel
than /u/ and so is left unspecified for the place feature.2 In this case the phonological

process of deletion helps to determine specification. See Rose 1993 for discussion of

relevant languages.

Above I have discussed two factors that determine the feature specifications of segments.

Next I use a simple [i, u, a] three-vowel inventory to show how these two factors work

together.

21 use the term “might” here since deletion of a segment can also be caused by other factors, for instance,

the position of a segment.

11



(3) Phonetic vowel inventory of [i, u, a]

1 u

Suppose, as above, that in a language both of the two phonetic high vowels [i] and [u] are
found to be active phonologically, triggering fronting and rounding respectively. Thus both
vowels need to be specified with place features. The vowel [i] is specified with Coronal,
and [u] with [Labial]. The third vowel [a] is left unspecified for any feature since the three
vowels have already been contrasted from each other. Notice all three vowels are
unspecified for height feature, which means they can be regarded as at the same
phonological height. [ show the resulting phonological system in (4). Note that place is
illustrated on the horizontal axis; height will be marked on the vertical axis (see (5), for

instance).

(4) Phonological inventory of /i, u, a/: with Coronal specified on /i/ and Labial on /u/

Coronal [7)] Labial
fi/ fa/ Y

However, the same phonetic three-vowel inventory could differ in terms of phonological

behavior. I show a few more possibilities below, each with the results of specification.

(5) Only Coronal active in phonology

Coronal 1]

itk o/
Low

/a/

12



In this case only the vowel /i/ is active in the phonology, say, by triggering fronting. The
vowel /u/ is inert. Thus /i/ is specified with a place feature Coronal. The other two vowels

/a/ and /u/ can be further distinguished by a height feature, say, Low on /a/.3

(6) Only Labial active in phonology
o Labial
i/ Mo/
Low
/a/

This is a mirror image of the case in (5). In this language only the vowel /u/ is active in the
phonology, say, by triggering rounding harmony. The vowel /i/ is inert. Thus /u/ is
specified with a place feature Labial. The other two vowels /a/ and /i/ can be further
distinguished by a height feature, again, say, Low on /a/.

In showing the above different scenarios, [ have made the following claim regarding the
ordering of the two basic factors that determine feature specifications of a system (see also
Dresher 1998). That is, first, look for phonological patterning, if any, in the language, and
decide which feature should be assigned. Then, if necessary, look at contrasts in the
system, and decide what other features are further needed. As we see, in (4), both place
features Coronal and Labial are selected because both are active. No height feature is
necessary in this case. In (5), the place feature Coronal is chosen because it is active. The
height feature Low is selected to further distinguish the rest of the segments in the system.
If Labial had been selected here, there would be no explanation for the asymmetry in the

patterning of place features. In (6), the place feature Labial is chosen because it is active.

3We might find some patterning of Low in the phonology. The result of specification would be the same.

13



Further, as in (5), the height feature Low is chosen to further distinguish the other

segments in the system.*

In Chapter 4, I will show that in Mandarin languages such as Harbin only the front vowel
(written as /E/) triggers place assimilation, while in other Mandarin languages such as
Chengde, both the front vowel and the back vowel (written as /E/ and /O/ respectively)
trigger place assimilation. These patterns are captured by the conirastive specification
approach as presented above. That is, in Harbin, only the front vowel is specified with a
place feature. Thus only the front vowel acts as a trigger of place assimilation. In Chengde,
both the front and the back vowels are specified with a place feature. Thus both vowels act
as a trigger of place assimilation. These patterns would be difficult to explain under a
different approach, say, full specification, in which case the assimilation rules would have
to refer to specific place features (Coronal only in Harbin and Coronal and Labial in

Chengde) and so is stipulative.

YThere is one more possibility which [ do not exclude.

Coronal Labial
fit u/

Low
fa/

Suppose in this system all three vowels /i/, /u/, and /a/ are found to be active in the phonology. For
instance, /i/ triggers front assimilation; /u/ triggers rounding assimilation; /&/ wiggers Low harmony. Thus
all three vowels are specified with a feature: Coronal on /i/, Labial on /u/, and Low on /a/. In this case the
number of phonological patterns (3) is larger than the number of features required (2) to contrast the three
vowels. In other words, the minimal number of contrasts (of features) could be violated, but only when
there is a larger number of phonological patterns in the language. This possibility, however, is not found in

the Mandarin languages under study.
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Notice that in the above discussion I have talked about selecting one feature before another,
with the selection of one feature limiting further possible choices (also see Dresher 1998). [
will use the word “ordering” in discussing this notion. Thus, in (4), the place features are
selected, or ordered first, while in (5), the place feature Coronal is selected followed by the
height feature Low. I will say that place is ordered before height in (4), and vice versa in
(5). It has been raised as a hypothesis of the Contrast and Complexity project whether there
is a fixed ordering of features that determines the domain of specification (see Walker
1993, Dyck 1995, Zhang 1996, Dresher 1998, among others). For instance, Walker 1993
suggests an ordering of height features prior to place features, and within height features
Low prior to High, within place features Labial prior to Coronal. Zhang 1996, based on
evidence from Manchu-Tungus languages, argues that an alternative ordering of place
features is possible, with Coronal chosen before Labial. It is one of the major goals of the
thesis to show that a fixed hierarchy cannot meet the needs of different languages. Rather
the specific phonology of the specific language determines the ordering of features in the

specification procedure. I will explore this idea in more detail in section 5.1 of Chapter 5.

There is one more issue that I would like to raise here regarding the contrastive
specification approach. As we see, under this approach, only some phonetic features are
present in phonology, either because these features are active in the language or because
they serve to make contrasts in the system. Thus an important question is the following:
how does a partially specified segment surface? I assume that the features not represented
in the phonology are spelled out on the surface by universal default rules, i.e., rules that
apply to languages in general under normal conditions. For instance, in (4), front and back
vowels are specified for place, and no vowels are marked phonologically for height. Yet

phonetically these features are required. I discuss the details of the default rules in Chapters

3 and 4.
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2.1.2 Feature geometry: structural representations of feature specifications

I assume feature geometry for place and height as a way to structurally represent feature
specifications. Following the feature geometry found in works such as Clements 1985,
Sagey 1986, van der Hulst 1989, Clements 1991, Rice and Avery 1991, Odden 1991,
Lahiri and Evers 1991, Goad 1991, and Clements and Hume 1995, among others, [

assume the following feature geometry tree:

(7) Assumed feature geometry (place and vowel height)
Rt

|

C-Place

Labial Coronal Dorsal Vocalic

/ \
V-place Aperture
Labial Coronal Dorsal High Low

The tree above represents place features of both consonants and vowels and height features
of vowels. Vowel features include place features, which are under the V-place node, and
height features, which are under the Aperture node. Further, I assume Labial (for round),
Coronal (for front), and Dorsal (for back) for vowel place features, and High and Low for
vowel height features. I point out here that the place feature Dorsal is used minimally in the
study; it does not appear in the underlying representations of the vowels. This is because I
assume that all the back (Dorsal) vowels in the languages under study are phonologically
round (Labial). I thus use Labial, not Dorsal, as the underlying place feature (if necessary
at all) of these back vowels. For consonant features, for the purpose of the thesis, I focus
on place features, ignoring aspects such as manner and voicing. Notice that vowels and

consonants have the same set of place features (e.g., Clements 1991, Clements and Hume
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1995). I also assume that all features are privative (Avery and Rice 1989, Rice and Avery
1991, Steriade 1993, among others).

There is one specific comment on place features of central vowels such as 4/, /3/, and /a/. I
assume that central vowels such as /#/, /a/, and /a/ are unspecified for place features, and
thus have no articulator node and so are not specified with any place feature (e.g.,

Clements 1991, Rose 1993, Walker 1993, Steriade 1995, and Rice 1995).

2.2 Assumptions about Mandarin languages

There are some basic assumptions about Mandarin languages in general which directly
relate to the study of vowel systems in these languages. These assumptions include:
Mandarin syllable structure, patterns of consonant systems in Mandarin languages, and the

status of surface palatal consonants. I discuss these next.

2.2.1 Mandarin syllable structure

In Mandarin languages, the status of a vowel often depends on the syllable position it
appears in. For instance, what I will call high vowels have a dual syllabic status, occurring
as a vowel when syllabified in a nucleus and as a glide when syllabified in an onset or
coda. Thus, discussion of vowels requires reference to syllable positions. In this section I

give my assumptions about syllabification in Mandarin languages in general.

I assume the following general syllabification process, which can be found in works such

as Steriade 1982, and Levin 1985, among others:
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(8) Syllabification process

(a) The most sonorous segment projects the nucleus;
(b) Segments preceding the nucleus go in the onset;
(c) Segments following the nucleus go in the coda;

(d) The nucleus and the coda form the rime; the rime and the onset form the syllable.

There are two points [ want to address here. First is step (a): how is the most sonorous
segment determined? It is generally assumed that vowels are more sonorous than
consonants (see, for instance, Kenstowicz 1994: 254-255). Among vowels, it has been
suggested that low vowels are more sonorous than non-low vowels, and mid vowels are
more sonorous than high vowels (e.g., Selkirk’s 1984 sonority index, Wu 1994). This
yields the following sonority hierarchy: low vowels>mid vowels>high vowels>consonants
(> more sonorous). There are two further questions which are related to my study. First,
what happens when there are two vowels at the same height, say two mid vowels /e/ and
/a/? Following Wu 1994 on Beijing Mandarin, I assume that a segment specified with a
place feature is less sonorous than a segment unspecified for a place feature. Thus /a/ is
considered more sonorous than /e/. Given a sequence /ea/, then, the schwa will form the
nucleus, and /e/ must go in a non-nuclear position. Second, what happens when two
vowels at the same height, say /e/ and /o/, are both specified with a place feature? The
evidence in the Mandarin languages to be examined in Chapter 3 suggests that the round

vowel is more sonorous and thus goes in the nucleus.

The second point I want to address is: what does the syllable structure deriving from steps
(a-d) look like in Mandarin languages? In other words, what are the specific structural
requirements for Onset, Nucleus, and Coda in these languages? Duanmu 1990 examined
the "initial" and "final" (roughly corresponding to "onset" and "rime" respectively)

inventories of eight Chinese languages coming from eight language families (which cover
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all Chinese language families; Mandarin is one of the eight families) and proposed a

uniform syllable structure for Chinese languages in general, as shown in (9).5

(9) Mandarin syllable structure (brackets indicating optionality)

c
T~
Onset Rime
! N
I Nucleus Coda
I I I
X) X X

The structure in (9) requires that there is only one (and no more than one) timing slot (X)
for each of the three positions, Onset, Nucleus, Coda. That is, none of them can have a

branching structure, as shown in (10).

(10) Non-branching onset, nucleus, and coda

*Onset *Nucleus *Coda
N PN PN
X X X X X X

Suppose now that a morpheme contains a string with two vowels where the first one is
high, Duanmu proposed that the high vowel shares the slot with the onset consonant and

serves as secondary articulation on the consonant,5 as expressed below.

31 call this structure the Mandarin syllable structure for the purposes of the thesis.
6There are different views with respect to this. Fu 1989 and Bao 1990 propose that the onset can branch in
some Chinese languages. Wu 1994 brings evidence from /r/ suffixation in Mandarin to support Duanmu. I

follow Duanmu in this study. The interested reader is referred to these works for arguments.
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(11) Onset consonant with secondary articulation in Mandarin

Onset
]

G

As shown in (9), the onset is optional. In other words, onsetless syllables are allowed in

Chinese.

Finally, consider the structure of the rime. Notice that both a nucleus and a coda are

required: the syllable is obligatorily bimoraic.

Two further comments are required on the Mandarin syllable template in (9). First, this
structure with an obligatory branching rime is required when the syllable has a regular tone,
i.e., Tones 1, 2, 3, and 4 in Mandarin; it is not found with a neutral-tone syilable (where
the requirement on branchingness of the rime is relaxed). This point will be illustrated in
Chapters 3 and 4 when [ discuss the vowel /a/. Second, (9) is a surface template. The
bimoraic requirement of the rime holds only at the surface level, not at the point of
syllabification, where the rime may contain only a single element. This point will also be

discussed in detail in Chapters 3 and 4.

There is one further question further related to (9): what are the segments that can be

syllabified in each syllable position? I present the distribution below.
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(12) Segments syllabified in each syllable position in Mandarin

¢)

/\
Onset Rime

/\
Nucleus Coda

consonants, j, W anyvowel j,w,n,J

The segments syllabified in the onset can be a consonant or a glide, [j] or [w] (these glides
derive from underlying vowels; see Chapter 3). When both a consonant and a glide are
present in the onset, the glide forms a secondary articulation on the consonant. Any vowel
can be syllabified in the nucleus. The coda can contain a glide, [j] or [w] (derived from a

vowel), or a nasal, [n] and/or [y} (inventory depending on the language).

Duanmu argued that the syllable structure in (9) is also supported by diminutive
suffixational processes and by cooccurrence restrictions on labials in different Chinese
languages. The reader is referred to his work for details. I assume the syllable structure in

(9) for the Mandarin languages to be examined in the thesis.

To summarize this section on Mandarin syllable structure, I assume that Mandarin surface
syllable structure requires a non-branching onset, nucleus, and coda. While the nucleus and
coda are obligatory on the surface, the onset is optional. I have shown the segments that
can be syllabified in each position. Further, the rime has to be bimoraic on the surface, but

not necessarily on syllabification.

2.2.2 Mandarin consonant systems
Consonants interact with vowels in Mandarin languages. Thus, discussion of vowels

requires a discussion of consonants. Consonant systems in Mandarin languages are quite

21



similar, differing only in some minor ways. In this section I introduce the Mandarin
consonant systems. In particular, I focus on the place features of the consonants, since

only place features are relevant to the discussion of vowels in later chapters.
In Mandarin languages, there are two major types of consonant systems based on the
criterion of place. One type involves a five-place system, and the other type a six-place

system. I show the difference below.

(13) Five-place vs. six-place consonant systems in Mandarin

Language type Place of articulation
Type [ Labial | Alveolar | Dental (%) Palatal | Dorsal
Type II Labial | Alveolar | Dental | Retroflex| Palatal Dorsal

An examination of the chart in (13) reveals that the two language types differ only in the
presence vs. absence of retroflex consonants. In Chapters 3 and 4 I will show that this

difference leads directly to the presence vs. absence of the surface vowel [1] in the two

types of languages.

Next I discuss the place features of each consonant type. First, I assume that labial
consonants are specified with the feature Labial and dorsal consonants are specified with

the feature Dorsal, as in (14).
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(14) Place features of labial and dorsal consonants

labials dorsals
Rt Rt
I I
C-Place C-Place
l f
Labial Dorsal

The alveolars, dentals, and retroflexes are all coronal consonants. I assume Coronal is the
unmarked place feature for consonants (e.g. Kean 1975; Avery & Rice 1989; papers in
Paradis & Prunet 1991). However, the three types of coronal consonants need to be
contrasted. I assume that while alveolars are plain coronals, dentals and retroflexes have a
dependent node (Dental and Retroflex respectively) under Coronal. According to the Node
Activation Condition as proposed by Avery and Rice 1989, when a node dependent on
Coronal comes into play, the Coronal node has to appear in a plain coronal, even though

coronal is the unmarked place feature. I repeat the NAC below:

(15) Node Activation Condition (NAC) (Avery and Rice 1989: 183)
If a secondary content node is the sole distinguishing feature between two
segments, then the primary feature is activated for the segments distinguished.

Active nodes must be present in underlying representation.

I show the place feature representations of the three types of coronal consonants below.
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(16) Place feature representations of the three types of coronal consonants in Mandarin

alveolars dentals retroflexes
Rt Rt Rt
C—;lace C-pllacc C-;llacc
Coxl'onal C01|'onal le'onal
Dexlltal Rellroﬂex

There is one more consonant type to be discussed, i.e., palatals. I propose that surface
palatals in Mandarin are underlyingly dorsal consonants realized on the surface with
palatalization (see Wu 1994, among others, for a similar proposal). I address this issue

next.

2.2.3 Status of surface palatal consonants in Mandarin

One striking phenomenon in Mandarin languages is that palatal consonants are always
found in complementary distribution with dorsal consonants. It is this distributional pattern
as well as assumptions about syllable markedness that lead me to propose that surface
palatals in Mandarin are derived from underlying dorsals in the environment of a front
vowel. This proposal has frequently been made in the Chinese literature; see, for instance,
Chao 1968, Hsueh 1985, Lin 1989, and Wu 1994 for discussion. I take one Mandarin

language, Wuhan, as an example and show this.

The distributional patterns of consonant-vowel sequences of Wuhan are presented in four
tables. First a few comments are needed on the tables. Table 1 is a phonetic table which
shows the consonants at the different places of articulation (rows) and the rimes that occur
with each of these consonants (columns). Tables 2, 3, and 4 differ from Table 1 in that the
consonants heading the rows in Table 1 each take on a secondary articulation. That is, the

rows are headed by consonants with palatalization in Table 2, by consonants with
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labialization in Table 3, and by consonants with both palatalization and labialization in

Table 4.

There is one point [ want to address here about the four tables which is crucial for my
arguments of the status of surface palatals. Table 1 consists of CV(G/N) syllables
(C=consonant; V=vowel; G=glide; N=nasal). Tables 2 and 3 consist of CGV(G/N)
syllables. Table 4 consists of CGGV(G/N) syllables.” If we ignore the final (G/N) part
which is found in all three syllable types and compare CV, CGV, and CGGYV, there exists
the following implicational relationship: the existence of CGGV syllables implies the
existence of CGV syllables, and the existence of CGV syllables implies the existence of CV
syllables (see Blevins 1995: 217 for discussion of such implicational relationships). One
can equate implication with markedness (see Trubetzkoy 1939, Greenberg 1966, Steriade
1995, Blevins 1995, and Hamilton 1996, among others). Implicational relationships are
often used in the literature for determining markedness: an implied structure is less marked
than one that implies it. Thus, CV syllables are less marked than CGV syllables, and CGV
syllables are less marked than CGGYV syllables. I assume that the syllables in Table 1,
which consists of CV(G/N) syllables, are less marked than those of Tables 2 and 3, which
consist of CGV(G/N) syllables, and the syllables of Tables 2 and 3 are less marked than
those of Table 4, which consists of CGGV(G/N) syllables. This markedness hierarchy
would suggest the following implicational relationship between the four tables: a segment
appearing in Table 2 or 3 is expected to appear in Table 1; a segment appearing in Table 4 is
expected to appear in Tables 1, 2, and 3. Next I go through the four tables of distributions.

I start with Table 1.

TThe wo prenuclear glides coalesce into one segment {x] on the surface. I discuss this point in detail in

Chapter 3, section 3.1.5.
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Syllables headed by plain consonants in Wuhan

a Y o |1 |u u J|a ) aw Jow {an on in n
pa PY _|PO 1p1 |pu pPa] {p€ |paw pan__[pan pay |} po
| -ﬁ Ufh U.O U.m B-: @.mm V.O @.ﬂi U.g b.O: qum E
|m §ma my |mo Imi ma) [mej |maw |mow man |men mag | mop
Lt Jfa fu fej fow [fan |[fen fanp ] fop
t tv Jto |t taj It [taw Jtow [tan |tn tag Jtog
[t Jta ty [to [t ta) |te; [taw |tow [ran |Cen t top
n Ina ny |no [ni ni Ina) Inej Inaw |[now [nam [nmen nag |nop
ts Jtsa Y [0 [ tsa) [wej jsaw |tsow [tsan [tsen tsay | wo
ts' Jts'a ts’¥ [ ts’o [ts1 ts’a) Its’e] Jts’aw [ts’ow [ ts'an | ts'on ts'ag | ts
S Jsa Y Jso |sa sa] |sej [saw [sow [san [sen say |sop
r
3 ¥l ii %iin
% %1 %' ¥ iin
2 gu gun
k Jka k¥ | ko ku kaj kaw fkow ]|kan [ken kan |[kon
Ka k¥ [Ko Ku 5# k'aw |K'ow [K'an [K'on Kap [Kop
0¥ Ino naj paw w_Igan [gpen  goy
x fxa x¥ [xo ] Xu Xaj xaw ]|xow [xan [xan xap | xop
a ¥ Jo 1 Ju u 1




In Table 1, we can see that palatals occur only with front vowels ([i] or [ii]; in Chapter 3 1
will show that [ii] is actually the surface realization of two high vowels [i] and [u]); velars
never appear with these vowels. This distribution is also found in the other three tables. In
other words, palatals and velars are in complementary distribution. If palatals are treated as
independent consonants, it is hard to explain why systematic gaps (see the four rows
headed by palatals) are not found with the other consonants, but with palatals only. If
palatals are treated as velars which are palatalized by the high front vowel [i], the gaps in
the four rows disappear. Also, the only syllables we find with palatals are always followed
by high front vowels, such as [%i], [%in], [%ii], and [%iin]. These fit exactly in the gaps in
the four rows headed by velars, which otherwise would have to be left as accidental. Thus
the complementary distribution of palatals and velars is the first piece of evidence that

palatals are underlying velars.

Next I go through Table 2.
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Table 2

Syllables headed by consonants with palatalization

a e ¥ 0 1 Ju Jii | a m« _ui ow an |on un 0
a_|ple plaw pJon an
> Iplia |ple pl'aw pl'an pl'an
mle mlaw | mlow mlon
va |de vaw |dow ton vay |vop
t jta |te t’aw t'an t’ag
v Ewa |nle no vaw |now nlan nan
|t
ao
is
|r
¢ j%a |ve $o vaw | Bow ¥on ¥ap | wop
v _I%a|ve %0 vaw |¥ow von vap |vop
ga_tee $0 gaw__ | gow gen gag | 0]
.E‘
x
] ja_ |je jo jaw |jow BN jag |jon
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In Table 2, palatalization appears with all consonants (including palatals) except velars (e.g.
*[kj]) and dentals (e.g. *[tsj]). The lack of segments such as *[tsi] can be treated as a
complexity constraint in Wuhan and is discussed in detail in Chapter 3, section 3.1.3.
However, the lack of segments such as *[kj] is hard to explain, especially considering that
palatalization is a very common process with velar consonants in languages of the world.
Moreover, if we assume that the presence of palatals implies the presence of velars, we
cannot explain why palatal consonants can fill in many cells in the more marked Table 2
without filling in the corresponding cells in the less marked Table 1. If surface palatals are
treated as underlying velars palatalized by the high front vowel [i], the gaps in rows headed

by velars in Table 2 as well as the markedness problem for surface palatals would all

disappear.

Next I go through Tables 3 and 4.
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Table 3

Syllables headed by consonants with labialization

a elv o]i Ju |ii {a ] aw|ow fan an iin

PV

W*

mV

v

v

v’

v

sV JtsVa 8Vaj |sVej t¥an uVag
tsW’ ftsW’a tsW’aj | sW’'ej tsW'an tsW'ap
sV ]sVa sVy sVaj |sVej sVan sVan
iV JrVa Vaj }rVej

gv

L 2l

\

v

XV ]k¥a | |XVv XVaj |kVej XVan |kVen | |[KkVag
kW' BkW’'a kW’aj | kW’ej kW’an [kW’en kW’an
\ 4

xV §xVa xVy x¥aj |xVej xVan |xVon xVap
v jva wa] | wej wan | wen van
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Table 4

Syllables headed by consonants with both palatalization and labialization

_P‘[

LY

1

u

.
a

o

€

aw ow|an

an

in

'I’

mV

b

e

v

n'd

A

ts¥’

sU

4

‘v

sVe

L 2l

¥Ve

\ 4

\ 4

|48

kY

\

x4

q

qe

yen

31



In Table 3, only velars and dentals take labialization, and in Table 4, only palatals take both
palatalization and labialization. Again the markedness problem exists: palatals do not show
up in the less marked Table 3, but do in the more marked Table 4. Similarly such a problem
would disappear if palatals are treated as underlying velars with coronal secondary

articulation.

Based on the complementary distribution of palatals and velars, and on syllable
markedness, I conclude that surface palatals are underlying velars. Here I do not go into
detail about how velars with a coronal secondary articulation surface as palatals. The

interested reader is referred to Wu 1994, section 3.2 for details.

2.3 Conclusion

In this chapter [ have outlined the theoretical framework I follow as well as some basic
assumptions about Mandarin languages that relate to the study of vowel systems. In
particular, I have presented the contrastive specification approach I pursue in the study. I
have adopted feature geometry to structurally represent specifications. [ have assumed that
the Mandarin surface syllable template requires an obligatory binary-branching rime and an
optional single-slot onset. In the next chapters I argue that contrastive specification
accounts for distributional facts of Mandarin vowel systems in a simple and elegant way.
While I survey the full vowel system, I focus in particular on the different patterns that
Mandarin languages show with respect to the feature [Labial]. In all languages [Coronal] is
active phonologically. In some languages, [Labial] is an active feature phonologically,
while in others it is not. I argue that contrastive specification allows for exactly this type of
asymmetry between [Coronal] and [Labial] with the difference between the languages in
terms of the patterning of [Labial] depending on whether it is specified phonologically or

not.
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Chapter

In this chapter I examine Mandarin languages with five-vowel inventories. I have selected
for discussion two representative languages, Wuhan and Linfen. I will show in particular
how two identical phonological vowel inventories can be realized in different ways on the
surface. In section 3.1 I examine the phonological vowel inventory of Wuhan. In section

3.2 I examine the phonological vowel inventory of Linfen. In section 3.3 I draw a

conclusion for the chapter.

3.1 Wuhan

3 Mandarin five-vowel inventories

3.1.1 Consonant inventory

First I provide the consonant system of the language, both phonetic and phonological. The

data for Wuhan come from Zhu 1992 and Chen & Li 1996.

(1) Phonetic consonants of Wuhan

Labial | Alveolar | Dental | Palatal | Velar

Stops and | -asp p t ts L3 k
affricates |+asp |Ip’ t ts’ % kK’
Fricatves [l £ S ¢ X
Sonorants | m n r n n
(2) Phonological consonants of Wuhan
Labial | Alveolar | Dental ] Velar
Stopsand |-asp |[Ip t ts k
affricates [+asp |[p’ t ts’ k’
Fricatves f S X
Sonorants m n r 0
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The arguments that surface palatals are not underlyingly present but are derived and the

place specifications of each type of consonants are discussed in Chapter 2 and are not

repeated.

3.1.2 Vowel inventory: phonetic

Next I introduce the vowel system. The surface vowel inventory is given below.

(3) Phonetic vowel inventory of Wuhan$

Front Central Back

Unrounded | Rounded Unrounded | Unrounded | Rounded
"High 1 H 1 u
Mid e ) ¥ 0
Low a

The vowel (1] requires some discussion, together with [1], which does not exist in Wuhan
but is found in the other languages soon to be discussed. In the traditional Chinese
literature (Cheng 1973; Xu 1980; Wang 1985; Lin 1989, among others), [1] and [1] are
called "apical vowels" (Ladefoged and Maddieson 1996 call them “fricative vowels™). Their
articulation involves the tip of the tongue. Articulatorily, [1] and 1] are regarded as vocalic
continuation of the apical (dental and retroflex) consonants. In other words the existence of
these two vowels totally depends on the consonants. [n this thesis I adopt the traditional
treatment of these vowels. In Wuhan dental consonants but not retroflexes are found. Thus

only (1] is found, as the continuation of a dental consonant.

8There are two vowels which are not included in this chart, [¢] and [3]. These two vowels are described in
Zhu 1992 but are not listed in Chen & Li 1996. According to Zhu 1992, these vowels only occur in r-
suffixed words. That is, they are only found in lexically derived environments. More specifically, when the
suffix -r is attached to a stem, it causes changes in the vowe! of the stem, creating the two vowels. The two

vowels do not affect my analysis of the phonological vowel inventory of Wuhan, and I do not include them

in my discussion.
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Lastly, unlike the other surface vowels, [ argue that the front rounded vowel [ii) is not
derived from a single vowel. I will argue later that this vowel is a complex vowel, which

comes from the coalescence of the vowels [i] and [u].

The other surface vowels in the table are straightforward and need no more comment. Now

I turn to establishing the phonological vowel inventory of Wuhan.
Based on the distributional patterns of the vowels in table (3), I propose that the Wuhan
vowel system derives from the following five phonological vowels, shown in structural

terms:

(4) Proposed phonological vowel inventory of Wuhan

i
Rt
V-Place Aperture
!
High
/E/ o/ 0
Rt Rt Rt
PN PN PN
V-Place Aperture V-Place Aperture V-Place  Aperture
| I
Coronal Labial
fa/
Rt
N

I will refer to these vowels as /E/, etc., as indicated by the vowel above the structure. In

this system there is a front vowel /E/, carrying the feature Coronal, a high central vowel 4/,
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carrying High, a mid central vowel /a/, with no features, a mid back vowel /o/, marked
Labial, and a low central vowel /a/, marked Low. The vowel that I call /E/ here generally

surfaces as [i]; see section 3.1.3.1 for discussion.

Now I go through the distributional patterns of the vowels in Wuhan and show why I
propose the above phonological vowel inventory, and how the underlying representations
map to the surface representations. Since there are two aspects of vowel features involved,
place features and height features, I discuss them separately. I first justify the place

specifications. For reference to full vowel inventories, see Appendix 2.

3.1.3 Place specifications

I propose that the front vowel /E/ is specified with the place feature Coronal and the back
vowel /o/ is specified with the feature Labial. I also propose that the other three central
vowels A/, /a/, and /a/ are unspecified for place (see section 2.1.2 of Chapter 2 for this
assumption). I repeat the place specifications of the five vowels. See section 3.1.4 for

discussion of height features.

(5) Place specifications of Wuhan vowels

/E/ O/ i/, 1!, Ja/
Rt Rt Rt
! | |
V-Place V-Place V-P1
| l
Coronal Labial

First of all, I show how the five proposed phonological vowels in (4) surface as the

phonetic vowels in (3).
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(6) How phonological vowels surface in Wuhan
/E/ > [1] after a dental consonant
[i] elsewhere
/& --> [u] (assimilation in nucleus, default Labial in onset and coda)
la/--> [e] following or preceding glide [j]
[¥] in open syllable but not following glide [j]
[a] elsewhere
10/--> [0]
/a/--> [a]

Recall from Chapter 2 that there are two factors that trigger the underlying presence of a
feature. One factor is that language-particular phonological behavior requires that the
feature be present and the other factor is that the contrasts in the system force the feature to
be present. By examining how each of the proposed underlying vowels surfaces, I will
justify the overall place contrasts in the system as well as the activeness of certain place
feature(s) in the system. Next I examine the five vowels one by one, starting from surface

high vowels.

3.1.3.1 /E/ --> 1], [i]

The vowel /E/ has two surface forms, [1] and [i]. The distribution of [1] is very limited, as
shown in (7). The tables showing distribution are all presented as follows. The first
column shows the consonants at the different places of articulation. The top row of each
table shows the full set of rimes in which the vowel under discussion appears. These are
sometimes given in the underlying form (enclosed in slashes), and sometimes in surface
form (no brackets). The syllabification in the foilowing tables, and in tables thereafter,
follows the Mandarin syllable structures as discussed in section 2.2.1 of Chapter 2. Recall

that /E/ generally surfaces as a high vowel; see section 3.1.4.
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(7) Distribution of [1]

)

f

==|"-" 2E)

1 Jfs1
ts’ [fts’
3 a1
r

3

%

p |

x |
0_i

That is, [1] is only found in the nuclear position in an open syllable following a dental
consonant. It is in complementary distribution with anther vowel (i]. It is easier to present
the distribution of [i] according to the syllable position it appears in. Below I show how [i]

is distributed in the nucleus, the onset, and the coda positions.?

YWhen {E/ occurs in the onset or the coda, i.e., the non-nucleus, it is a glide and so is written [j]. Further,

when it occurs in the onset with a preceding consonant, it is a secondary articulation on this consonant and

is written as a superscripted [j].
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(8) Distribution of [i}
(8A) [i] appears in the nucleus

n ffna
u

=
3
r
k [I®i
k' [iw’l
X gl
0

In tables (8B) and (8C), while the heading column gives underlying forms, the heading
row gives surface forms. Later discussion will reveal their underlying forms. Recall from
Chapter 2 that when /E/ precedes another vowel it is syllabified as a secondary articulation
on the onset and when it follows another vowel it is syllabified in the coda. Systematic

gaps are discussed later in this section.
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in n

Ja Je Jo Jaw |Jeaw |Jon |) J
P pla |ple plaw plan |plap
P ipa e pl’aw pl’an | pl’ay
m mle mlaw | mlow | mlan
f
t va de daw [tvaw |don [dan |don
t t'a |t t’aw t’an |tan
n
1]
ts’
3
k gaw |vwow
k’ g'e %0 |[¥’aw |[g’aw |[%¥’an [¥’ay {%’op
)|
X ge lgo [gaw [gaw Jgan [gan [gop
j je 0 jaw |jaw [jan jay on

systematic gaps

i] appears in the coda

)

p’

m

{

t

v t'ej

n naj nej

3 wa) | ue uVaj |sVej
ts' [’y jisegg  [sWaj [sWe
s 3aj sej sVaj [sVej

r Vaj [rVe

k kaj kVaj kaj

K’ k’aj kWaj | kW’ej
] 1

X p&:1] xVaj xVej

v waj wej

systematic gaps




As shown in (8A), when [i] is in the nucleus, it occurs with all the other consonantal places
of articulation except dental consonants. It is in complementary distribution with the vowel
[1], which only occurs in the nucleus following a dental consonant. For this reason, [ treat
[i] and 1] as two surface forms of one phoneme /E/. /E/ surfaces as [1] after a dental
consonant as a result of assimilation, as shown in (9).The vowel /E/ is specified with the
place feature Coronal (to be examined next). In the derivations here and throughout, (a)
shows the proposed underlying form, (b) the form after syllabification, and (d) the surface
form that results due to the application of phonological rules. I assume that syllabification
takes place at an early stage, before phonological rules. As we shall see further,

phonological processes in Mandarin languages need to refer to syllable positions.

(9) How /E/ surfaces as [1] after a dental consonant

(a) Underlying /tsE/
ts E
Rt Rt
I I
C-place V-place
| I
Coronal Coronal
I
Dental
(b) After syllabification
c
/\ -
Onset e
ts E
Rt Rt
I I

C-place V-place

| I
Coronal Coronal
Dental
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(c) Spreading from /ts/ to /E/10
o

t RTme
[

ts E
Rt Rt
i I
C-place V-place
i l
Coronal Coronal
|- -
Dental
(d) Lengthening of /E/
o
T .
set Rime
/\
X‘ ) X
ts E
Rt Rt
i I

C-place V-place
| I

Coronal Coronal
‘ /
Dental

(e) Surface: [ts1] (“son”)

Above after /ts/ spreads its place feature onto /E/, /E/ is lengthened to take both timing slots
of the rime, so as to meet the surface syllable structure requirement in Mandarin. Hence
[ts1]. I follow the Mandarin practice in writing these surface lengthened vowels with a

single vowel; so [ts1] is really [ts2:].

10After spreading, the default rule of inserting High applies to /E/. I address this point in section 3.1.4.
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The distribution of the two surface forms of /E/ in the nucleus is summarized in (10).

(10) Distribution of [i] and [1] in the nucleus as two surface variants of /E/

p_{p1
p p’i
m |jimi
f

t {{u
[l G
n (n
3 [t
ts’ Jts’1
3 S1
r

k flwi
k’l{%’1
p |

X |lei
0 |1

To summarize the vowel /E/, this vowel is realized as [1] only when it is syllabified in the
nucleus and follows a dental consonant, and is a result of place assimilation. In
environments other than this, /E/ is realized as [i]/[j]. /E/ is specified with the place feature
Coronal. Later on when I discuss the mid central vowel /a/, I will show that Coronal is

specified because it is active in phonological patterning.

I now turn to the cells that I have labeled systematic gaps in (8B) and (8C). Sequences such
as *[tsf] (in 8b) and *[pW¥] (in 8c) are missing in Wuhan. I propose that these gaps are
systematic and can be explained in terms of the Obligatory Contour Principle (*{p%]) and
complexity constraints (*[tsf]).11 Here I refer to McCarthy 1986:208 for a definition of the
OCP.

11 A5 can be seen from (9C), [w] is never a secondary articulation on alveolar consonants. Gaps

*[Alveolar¥] are unique to Wuhan and I do not auempt to explain them here.
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“At the melodic level, adjacent identical elements are prohibited.”

For our purposes here, “identical elements” can be interpreted as “identical features”. That
is, when two identical features are adjacent, either at the underlying or the surface levels,
they are ruled out by the OCP. First, I show how *[pW] is ruled out. Since I have not
discussed [w] yet, I assume for the moment that its underlying form is /¥, which is
unspecified for place feature and surfaces by default rules, which insert the features Labial
and Dorsal (see section 3.1.3.2). Thus the underlying form of [pW] is /pil. Below I show
how *{pW] is ruled out by the OCP. In (11) and other examples I give representations

following syllabification in (a).

(11) OCP violation in *[pW]
(a) Underlying structure: /p/
Rt

|
C-place
N
’Al V-place
ial

(b) Default rule of Labial and Dorsal on A/ on the surface: OCP violated
*pV]
Rt

[
C-place

V-place
Labial Labial Dorsal <--  OCP violation



At the underlying level as in (11a), there is only one Labial feature, which is associated
with /p/. The structure is fine in that it creates no OCP violation. However, after Labial and
Dorsal are inserted by default on A4/ in (11b) (see discussion of the vowel // in section

3.1.3.2), two Labial features are adjacent to each other. The OCP is violated. The sequence
*[pW] is thus ruled out.

Thus in Wuhan and other Mandarin languages two Labial features within one segment are

not allowed by the OCP. This accounts for the absence of labialized labials.
Now I address the other gap, *[tsi]. Here I need to mention a similar sequence, [t.i]. In
table (8b), sequences such as *[tsi] are missing, but sequences such as [t.i] are found. I

show the underlying structures of both below for comparison.

(12) Structures of /ti/ and */ts/

fi/ */tsl/
Rt Rt
| |
C-place C-place
//\v I //\v lac
-place -place
Coronal Coronal Coional Coronal
Surface: [U] Dental

In both structures above two adjacent Coronal features are found. However, why is /ti/

allowed while */tsi/ is not allowed in Wuhan?

I propose that it is particular 1o Wuhan (and to Mandarin in general as well, as shall be
seen) that two Coronal features within one segment are not necessarily ruled out by the

OCP, unlike two Labial features within one segment. The OCP thus must make reference
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to particular features. It rules out [Labial]-[Labial] on a particular segment but allows
[Coronal]-[Coronal]. However, not all consonants can take palatalization, as shown in
(12). I propose that palatalized dentals are ruled out by a structural complexity constraint
which disallows palatalization of a complex primary articulation. I express this constraint

below.

(13) Structural complexity constraint for Wuhan

*/tsi/
Rt
I
C-place
/ /\V 1
-place
_ |
CoLonal Coronal
Dental

That is, in Wuhan a consonant cannot support palatalization if the place node of the
consonant has a dependent node underneath, i.e., is too complex. Thus */tsl is ruled out
by this constraint, while /t/ is fine. Notice /p¥/ ([p¥]) is allowed by this constraint because

it contains no coronal feature; it is the OCP that rules this out.

I have suggested above that it is language particular to Wuhan that the threshold of coronal
palatalization falls between /t)/ and */tsl/, which is determined by structural complexity, as

shown below.

(14) Threshold of coronal palatalization in Wuhan
1o/ | *fisif
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I further suggest that the palatalization threshold could vary among languages, with the

following results predicted:

(15) Predicted patterns of coronal palatalization

We find languages with: We do not find languages with:

*); *s) *g: ts)
tj; *tg
U; ts)

That is, it is possible to find languages which do not allow either one (*t; *tsi), or allow
only one (d; *ts), or allow both (d: ts)). However, it is not possible to find languages
which allow /tsl/ but not /t)/. In other words, more complex structures imply less complex

structures (see Rice and Avery 1993, Prince and Smolensky 1993, among others).

To briefly summarize, I have shown the distribution of the vowel /E/. It surfaces as [1] after
a dental consonant, and as [i] elsewhere. I have also discussed some systematic gaps of

complex segments found in the distribution of /E/. Next I discuss the phoneme A/.

3.1.3.2 /i/ --> [u]

The existence of the vowel /i/ is related to the distribution of the surface vowel [u]. The
distribution of [u] in Wuhan is interesting, and different from that in other languages to be

discussed later.
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(16) Distribution of [u] in Wuhan

a) [u] in Nucleus b) [u] in Coda ¢) [u] in Onset

u aw  |ow |law |Jow
P |Pu paw plaw
p |pu p'aw pl'aw
m maw | mow |mlaw | mlow
f Jfu fow
t aw |tow |daw |tdow
t taw [t'ow |¢g’aw
n naw |now [nlaw |nlow
] Saw sWVa sVaj |sVej |sVan s Vay
ts’ ts’aw tsW’a tsW’aj| tsW’ej | tsW’an tsW’an
s saw sVa |sVy [sVaj |sVej {sVan sVap
r : rVa Vaj |rVej
k [ku kaw [kow [®%aw |[%wow k¥a [k¥y¥ |kVaj |kVej |kVan {kVen |kVan
k'’ [k’u Kaw | k’ow [%’aw [ 8'ow kW kW’aj [ kW’ej [kW’an [kW’sn | kW an
) jaw | gow
X |xu Xaw | XOW |[gaw [gOowW xVa [xVy [x¥aj [xVej |xVan |xVen |xV
0 |u jaw |jow wa wa) | we) wan |wen |[way

systematic gaps

When syllabified in an onset (16¢) or a coda (16b), i.e., a non-nucleus, [u] appears quite
freely. That is, [u] is found with all types of consonants. However, when syllabified in the
nucleus (16a), the distribution of {u] is quite limited. In particular, [u] only appears after a

labial or a dorsal consonant, and never after an alveolar or dental consonant.!2

Given the distributional pattern of [u], there are two choices regarding the underlying form

of this vowel. The first choice is that the underlying form is /u/, specified with the place

12There is one exception, the syllable [u], which is onsetless. As will be seen in a moment, I propose that
the underlying form of [u] is //. When syllabified in the nucleus, A/ generally surfaces through assimilation
to the preceding consonant. However, when there is no onset consonant, I propose // surfaces through

default, the same way as A/ surfaces in the non-nucleus.
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feature Labial. In this way /u/ surfaces directly as [u]. The problem with this choice is that
it is hard to explain why [u] is so limited in distribution in the nucleus. That is, why does
[u] only occur with labial or dorsal consonants when in the nucleus, but with all types of

consonants when in the non-nucleus?

The other choice is that, given the fact that the nuclear [u] seems to be conditioned by the
preceding consonant and seems to be a result of place assimilation to the consonant ([u]
being both round and back, sharing features with both labial and dorsal consonants; see the
representation in (14) in Chapter 2), the underlying form is //, which is placeless and thus
available as a target for place assimilation (see Chapter 2). Once the limited distribution of
[u] in the nucleus is explained, then we need to explain why [u] is so freely distributed
(found with all types of onset consonants) in the onset and coda. I propose that unlike in

the nucleus, A/ cannot assimilate to an onset consonant when in the onset or coda. I explain

this next.

First, when [u] appears in the coda, it does not assimilate to the consonant in the onset. [
propose that this can be explained by a constraint on locality of assimilation in Wuhan, as

expressed in (17).

(17) Constraint on locality in assimiladon in Wuhan (“C-Pl/V-P!” means either C-Place or

V-Place)
trigger target
X X
Rt Rt

C-PI/V-PI V-Pi
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Above “X” stands for a segment and “Y"’ stands for a feature. The trigger has to be adjacent
to the target at the segmental level. In other words, a trigger cannot spread a feature onto a
target if there is another segment in between, as shown in (18). See Archangeli and

Pulleyblank 1993 for a similar idea.

(18) Trigger and target not adjacent on segment level: spreading blocked

trigger target

X X X

Rt Rt Rt
I . [

C-PI/V-P1 V-Pl

! X
L

Y

[ illustrate with [paw] to show why spreading does not occur in this case. Under the

hypothesis that [u] is i/, the underlying form of [paw] is /pa¥/.

(19) Spreading does not happen between /p/ and A/ in Wuhan: lack of locality

p a i
Rt Rt Rt
| e |
C-P1 V-P1
|
Labial
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As we see above, /p/ and A/ are not adjacent to each other at the segment level. Thus A/ does
not assimilate in place to /p/.13 This locality requirement holds for all assimilation processes
in the Mandarin languages under study, including assimilation between consonant and

vowel, and assimilation between vowel and vowel. This will be further seen as the thesis is

developed.

Having explained why // in the coda does not assimilate to the onset consonant, now I
explain why £/ in the onset does not assimilate to the onset consonant. I take [kWa] as an
example. The form after syllabification of [kWa] is /kta/ under the present hypothesis. I

show the structure of this word in (20).

(20) Structure of /ka/ after syllabification

/R fal
Iz R
-Pl V-P1
0N
e V-Pl

~
Dorsal

Locality is not a problem for assimilation in the above structure since the consonantal
feature and V-place are in the same segment. I assume that in Mandarin languages,
assimilation cannot take place within one segment since /k/ and /4/ are one segment, with A/

being a secondary articulation on /k/; and thus no assimilation is allowed.

130ne might ask why in this case the feature Labial on /p/ does not spread onto /a/ instead. In section 4.3
of Chapter 4, I will explain why the centrai vowel /a/ does not assimilate in place to other segments

(consonant or vowel).
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I have shown that A/ cannot assimilate to the onset consonant when in the coda (locality
requirement) or when in the onset (assimilation impossible within segment). Since the
conditions for assimilation are not met, I propose that 4/ surfaces through default in these
two positions. Labial is the default feature.14 Later when I discuss the vowel /a/, I will

bring in more evidence to show that the feature Labial is inert and thus unspecified on {u] in

Wuhan.

To summarize the above hypothesis regarding [u], I propose that the underlying form is //.
When in the nucleus, A/ surfaces as [u] by assimilating to the place of articulation of the
preceding consonant. When in the onset or coda, 4/ surfaces as [u] by default insertion of

Labial, as assimilation cannot occur into these two positions. Next I show in detail how

this hypothesis works.

First, nuclear [u] is only found after a labial or dorsal consonant. I argue that this pattern
results from a process of assimilation. I show how /3 surfaces as [u] in (21). I ignore

height features here; see section 3.1.4.

14And Dorsal as well. I will show in a moment that these two features imply each other and are both

defanlt features in Wuhan.
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(21) How A/ becomes [u] after a labial consonant

(a) /p¥/ after syllabification
o
set jme
Rt Rt
I I
C-place V-place
I
Labial
(b) Spreading
c
set ime
Rt Rt
[ I
C-place V-place
|
Labial
(c) Default insertion
c
/-\ .
Opnset e
i
Rt Rt
I I
C-place V-place
| \
Labial Dorsal
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(d) Lengthening of A/

c
/\ .
set Rime
XJ X
-
Rt Rt
f I
C-place V-place

(e) Surface: [pu] (“fabric”)

In (21b) /p/ spreads its feature Labial onto the placeless A/. In (21c) Dorsal is inserted as
default onto A/. This is because in Wuhan there is only one high back vowel which is round
and only one high round vowel which is back (this vowel is [u]). So the features Labial

and Dorsal are predictable from each other, leading to the two defauit rules in (22):
(22) Two default rules for high vowels in Wuhan
a) [Labial]y.piace — [Dorsal]v.place

b) [Dorsal]y_piace — [Labial]y-place

Further, in (21d) /¥/ is lengthened to meet the surface syllable structure of Mandarin. The

syllable surfaces as [pu].

Next I show how A/ surfaces as [u] when preceded by a dorsal consonant.
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(23) How A/ becomes [u] after a dorsal consonant

(a) /ki/ after syllabification
G

/\ '
Tsct Tnc
| [
C-place V-place

(b) Spreading
c

N

set ime

Rt Rt
I |

(c) Default insertion

(o}
N .
?set RFne
Rt Rt
| |

C-place V-place
I \

Dorsal Labial
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(d) Lengthening of 4/

c
set 7 Rime
)j X
Rt Rt
C'-place \}-place
Dlorsa.l Labial

(e) Surface: {ku] (“aunt™)

In (23b) /k/ spreads its feature Dorsal onto /&/. In (23c) Labial is inserted onto // as default
(see (22b)). In (23d) A/ is lengthened. In (23e) the syllable surfaces as [ku).

I summarize the distribution of A/ in (24).

(24) Distribution of // in the nucleus

A
u
p’ llpu
m
f Ilfu
|

a"aaﬂ'ﬂ

]

il ] |
a1
e

»”
=

In (24) we see that when /i/ follows a labial or a dorsal consonant, it assimilates in place to

the consonant and surfaces as [u]. A question is: if A/ can assimilate to a labial or a dorsal
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consonant, can it also assimilate to an alveolar or dental consonant as well? The answer
should be yes. Then what would be the surface results? I show the relevant processes in

(25).

(25) How A/ surfaces after an alveolar consonant (syllabification ignored; lengthening of A/
ignored)
(a) Underlying .
;{t i{t
Cil-place \}-place

Coronal

(b) Spreading Coronal
t i
Rt Rt
| I
C-place V-place

-
-

Cf)fc;nal

(c) Surface:  [ti] (“low™)
When // follows an alveolar consonant, it surfaces as (i].

(26) How /i/ surfaces after a dental consonant (syllabification ignored; lengthening of /3/

ignored)

(a) Underlying
tl:t Rt
Cl-place V-place
émonal

|
Dental
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(b) Spreading Coronal with Dental
ts i

Rt Rt
é-plaw ) \}-place
Coroml

chntal

(c) Surface: [tsa] (“purple”)

When A/ follows a dental consonant, it surfaces as [1].

Recall that I showed in section 2.1.3.1 how the two surface vowels [i] and [1] are derived
from /E/, and in (25) and (26) we see how they derive from /i/ as well. This means a
surface form could be derived from two sources. That is, surface 1] and surface [i] (after
alveolar consonant only) can either come from /E/ or /. Put another way, two different
inputs, going through different processes, could come out being identical with each other.

I summarize the distribution of A/ in the nucleus in (27).

(27) How A/ surfaces as {u], [i], [1] in the nucleus
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Having shown that it is possible that a sequence such as [ti] can be derived from two
different underlying sources (/ti/ or /ti/), I address an additional question, which can be
answered in a similar way: does /i/ ever assimilate to a vowel? I have argued that when // is
syllabified in the non-nucleus, it surfaces by the default rule which inserts Labial and
Dorsal. However, in the sequence /Oi/ (see section 3.1.3.4 for discussion of the phoneme
/O/), in which /QY/ is syllabified in the nucleus and /i/ in the coda, I argue that it is possible
that A4/ assimilates to the place of /O/, as shown below.

(28) How /t’Oi/ surfaces as [t’ow]: assimilation of 4/ to /O/

(@) Underlying /t’Oi/
t’ 0] 3
Rt Rt
V-Pl V-Pl
Labial
(b) After syllabification
o
/\
Onset Rime
/\
Nucleus Coda
X X X
v (0] H
Rt Rt
V-P1 V-Pl
Labial
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(c) Spreading of Labial from /O/ to A/

(4]
/\
Onset Rime
/\
Nucleus Coda
X X X
t’ 0] i
Rt Rt
V-Pl1 V-Pl
Labial

(d) Surface form: [t’ow] (“head”)

In (28c¢), /O/ spreads Labial onto /4/. Hence [t’ow]. Notice in this case the nucleus is a

trigger rather than a target.

Thus the sequence /O4#/ can surface either through the default rule which inserts Labial and
Dorsal on A/, as argued earlier, or through place assimilation of A/ to /O/, as shown in (28).

To summarize A/, based on its different distribution in different syllable positions, surfaces
in two ways. In the nucleus, it assimilates to the preceding consonant and takes on the
place feature of the consonant. In the onset and coda, conditions for assimilation to the
onset consonant are not met for two different reasons. /i/ thus surfaces through default
Labial and Dorsal insertion and consistently surfaces as [u] (except the special case of /O¥,
in which A/ can surface as [u] in two different ways, either by default Labial and Dorsal, or
by assimilating to the nucleus /O/).



3.1.3.3 /a/--> [e], [¥], [9]

The third vowel /a/ has three surface realizations: [e], [¥], and [8], which are in
complementary distribution. More specifically, [e] is found when there is a preceding or
following glide [j], [¥] in an open syllable but not preceded by the glide [j], and [3] in other
environments. Based on the distributional patterns, I treat the three vowels as three surface

variants of /a/. I show below how each variant is derived.

The variant [e] occurs when there is a preceding or following glide [j]. I show the relevant

data in (29).

(29) Distribution of [e]: following or preceding [j]

RE |/Eey | /By
P |re  |ple
p’ {p’ej e
m |me] |mle
f |fe
t tej ve
U Jte te
n [ne nle
13 |uej
ts’ Jts’ey
s |s¢
r
k e tVe
k’ Te mv’e
3
X [~ GVe
0 je e
systematic gaps

I have not discussed the complex vowel [y] yet. I assume for the moment that it results
from coalescence from the two vowels [i] and [u] (see section 3.1.4). Thus [y] patterns in

the same way as (j] in the above table.
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The distribution in (29) shows that the front vowel [e] is always found adjacent to another
front glide [j]. I treat this as a result of place assimilation. I show the processes in (30) and
(31). The first situation is progressive spreading. I take [pje] as an example. The

underlying form is /pia/.

(30) How [e] is derived from /a/: situation 1

(a) Underlying /pEa/
p E 3
Rt Rt Rt
l l [
C-P1 V-P1 V-P1
[ !
Labial Coronal
(b) After syllabification
c
/‘\.
Onset Rime
Nuycleus
pE 9
IT t
C-P1
/\ -Pl

/ V-Pi
/
Labial Coronal
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(c) Spreading of Coronal

o
/\
Onset ime

Nuycleus

pE a
IT t
C-P1

A\ ‘Pl
/ V-Pl _

/. . - -
Labial Coronal

(d) Open syllable vowel lengthening

(¢]

/\

Onset Rime
PN
Nucleus C(ia
c .-
J

t t

Pl
A Pl

/ V-Pl
[
Labial oronal

(e) Surface form: [ple] (“flat”)

In (30c) /E/ spreads its place feature Coronal progressively onto /a/. In (d) /3/ is lengthened

to take both timing slots of the rime so as to meet the surface syllable structure requirement

of Mandarin. Hence [ple].
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The second situation is regressive spreading. I take [pej] as an example. The underlying

form is /paE/.

(31) How [e] is derived from /o/: situation 2

(@) Underlying /poE/
p ] E
t IT FTt
C-P1 V-Pl V-PI
Labial CoL:mal
(b) After syllabification
c
Onse?//\Rime
Nucleus Coda
T
P 3 E
Rt lT Rt
C:pl V-Pl V:P1
Labial Coronal



(c) Spreading of Coronal from /E/ to /a/

(]
Onset Rime
N
Nucleus Coda
P 9 E
Rt t t
C-P1 ViPl Pl
Labial - ‘Colonal

(d) Surface form: [pej] (“north™)

In this case /E/ spreads the place feature Coronal regressively onto /a/, resulting in [pe;j].

The second variant of /a/, [¥], occurs in an open syllable but not preceded by glide [j]. I

present the relevant data below.
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(32) Distribution of [¥]: in an open syllable but not preceded by [j]
Rl | A/

Y|
p’yY
my

=l

i E

Ly
t'y
ny
uy
ts’'y
iR sVy

| ~

|

ky kVy
k’'y
0y

XY xVy
¥

]

of »|ls|x

systematic gaps

In the distribution shown in (32), /2/ surfaces as [¥], a mid back unrounded vowel. Recall
that in section 2.2.1 of Chapter 2 [ mentioned that in Mandarin the rime must be bimoraic
on the surface, i.e., two and exactly two timing slots. That is to say, if both the nucleus
and the coda positions are occupied on the surface, the syllable is licit. However, if the
nucleus is occupied while the coda is empty, the syllable is not licit and lengthening occurs
as a repair strategy. See Wu 1994 on this as well. I assume that [¥] is the lengthened
counterpart of [8]. Thus /a/ surfaces as (¥] in an open syllable. More specificaily, when /a/
occurs in an open syllable, the coda position is empty. Thus /5/ is lengthened to [¥] so as to

occupy both the nucleus and the coda slots. I show below the relevant process.



(33) How /a/ is realized as [¥] on the surface
(a) /na/ after syllabification
c

/\
Onset Rime
| |
| Nucleus
| |
X X
| |
n )

(b) /a/ spreads to take both the nucleus and the coda

(o]
/\ .
Onset Rime
| PN
I Nucleus Coda
| i I
X X X
I | -7
n 3

(c) Surface form: [n¥] (“hot’)

Thus, what is said to be a mid back unrounded vowel is better thought of as a long mid

central vowel.

I mentioned in section 2.2.1 of Chapter 2 that the surface bimoraicity requirement of the

rime only applies to a regular or non-neutral-tone syllable. The requirement does not hold

for a neutral-tone syllable. A neutral-tone syllable is much shorter in time than a regular-

tone syllable. I assume that this can be captured representationally if the rime is not filled

with two timing slots. When /a/ occurs in an open syllable with a neutral tone, it is not

lengthened to [¥], as happens with a regular tone. Rather, /3/ is realized as [3], a single

timing unit. I provide some data from Chen and Li 1996. The “phrases” in the first column

below are given in the Pinyin form (spelling system in China). The underlined syllables
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have a neutral tone and are an open syllable with /a/ in the nucleus. The transcription in the

second column shows the pronunciation of the syllable under study (underlined).

(34a)
(b)
(c)
(d)
(e)
®

Phrases
hu-le
tu-le
kun-zhe
shuan-zhe
kan-de-qi
ren-de

Transcription Phrase gloss
[xu]lng] “burn-aspect”
[taw][nal “throw-aspect”
[k’Wan][tsa] “te-aspect”
[sWan][tsa] “knot-aspect”
[k’an][ta][%’1] “think-clitic-highly-of””
[ren]fta] “recognize-clitic”

As can be seen, when /a/ appears in an open syllable with a neutral tone, it is realized as

[a], without lengthening. Thus we see the following scenario. When /a/ occurs in an open

syllable, how it surfaces depends on the tone. With a regular tone, it is lengthened to [¥]

because of the surface requirement of two timing slots in the rime. With a neutral tone, it

surfaces simply as [a] because the two-timing-slot condition is not required for a neutral

tone syllable. In this way, for the specific environment of “schwa in open syllable”, which

is based on the criterion of syllable position, there is a further complementary pattern,

which is based on the criterion of tone. In (35) I show the distribution.
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(35a) /o/ surfaces as [¥] in a regular tone (b) /o/ surfaces as [a2] in a neutral tone

Rl |/way e/
I’r pY - P
p_{px | o
m |my m
f f
t [ t |
r 'y t
n [ny n [na
3 ey s [wsa
ts’ Jts’y ts’

s |sy sVy s
r T
k |ky kWVy X
kK’ |k'y X’
0¥ ]
X XX xVy X
0 |v 0

systematic gaps

Notice the data in (35b) are very limited. These are all the neutral-tone syllables I found

throughout the elicited lexical items in Chen and Lin 1996.

Having explained the complementary distribution of /a/ in open syllables, I want to address
two points regarding the distribution of /a/ in (32). First, the mid vowel /a/ does not
assimilate to a preceding consonant (compare with the high vowel 4/). In the environment
/C3/, /a/ surfaces simply through lengthening (without assimilating to /C/). This has to do
with a structural constraint on assimilation for the mid vowel /3/ in Wuhan, as shown

below. Compare when spreading occurs and when it does not with /o/ as target.
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(36) Spreading: C to V vs. V to V (vowel len

ening ignored)

Spreading does not happen
a) Underlying
p 3
Rt Rt
| [
C-P1 V-Pl
|
Labial

(b) Spreading impossible between
C-place and V-piace:

p )

Rt Rt

! |

C-P1 V-Pl

l

Labial

(c) Surface by lengthening:
(p¥]] (“north™)

Spreading happens
a) Underlying
p E 9
Rt Rt Rt
I I |
C-pP1 V-Pl V-Pl
! |
Labial Coronal

(b) Spreading possible between two
V-places

p E 3
Rt Rt Rt
! I |
C-Pl V-Pl V-P!
I I -7
Labial Coronal
(c) Surface: [pie] (“different”)

From the comparison above we see that in order for spreading to /a/ to occur, the nodes

immediately above the spreading node play a role. They have to be identical. That is, if

Coronal or Labial is the spreading node, it will spread between two V-places, not between

a C-place and a V-place (see boldface node above). I illustrate this idea with the structure

below.

(37) Structural constraint on assimilation of /o/ in Wuhan (mirror image)

N/

a/

70



That is, /o/ only assimilates to a V-place, not a C-place. This structural constraint on /a/
assimilation holds for all other Mandarin languages under study and will be further seen as
the thesis is developed (see also Wu 1994). Further, I assume that this constraint is
Mandarin-language-particular and can be understood in the way that /a/, as a vowel, prefers
to assimilate to another vowel in Mandarin. I assume that we should be able to find
languages in which /a/ assimilates to both vowels and consonants, but not to consonants

only without vowels.
The second point I want to address regarding the distribution in table (32) is that when /a/

is preceded by [w], i.e., [CWa], it does not assimilate to the place of [w]. We can compare

this with a parallel case /CEa/, where /a/ assimilates to the place of /E/. I show this in (38).
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(38) /o/ assimilates to [j] but not to [w] in Wuhan:

/o/ assimilates to [j] and is fronted as [e]: /fa/ does not assimilate to [w] and is
(a) /CEa/ gftcr syllabification lengthened as [¥]:
C E)
Rt Rt (a) /Cio/ after syllabification
I ] G ?
C-P1 | Rt Rt
[ I |
V-Pi V-P1 C-Pl |
| N |
Coronal V-Pl V-Pl
(b) Spreading Coronal from /E/ to /a/ (b) Default rules:
cE 3 ct 9
Rt Rt Rt Rt
| | I I
C-P! I C-Pl I
| |
V-Pi V-Pl V-Pl VY-Pl
| e R
Coronal Labial Dorsal
(c) Lengthening: (c) Lengthening:
c c
Onset Rime
Nuchs Coﬂa Nucleus Czta
=) - E) "
Rt Rt Rt
I ! | I
C-P1 l C-P1 [
I I
V-Pl V-Pl V-P1 V-P1
| i\
Coronal Labial Dorsal
(d) Surface: [Cle] (d) Surface: [CW¥]

I argue that this patterning shows that the vowel [j] carries a place feature Coronal
underlyingly for /a/ to assimilate to. On the contrary, the place feature Labial on the vowel
[w] must be absent underlyingly so that /a/ has nothing to assimilate to. It surfaces through
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lengthening to [¥] instead, whereas [0] would be expected if assimilation to the secondary
articulation occurred. This difference between {w] and [j] in their ability to affect /a/
supports the place specifications proposed for the two vowels: [j] is Coronal while [w] is

underlyingly unmarked for place.

The last surface variant of /a/ is [a]. If /a/ is not preceded or followed by [j], and if /a/ does

not occur in an open syllable, it surfaces as [a]. The distribution is below.

(39) Where /o/ surfaces as [3]
R | |/Ean |/Eay
p pan |plan
p’ p’an |pl’an
m Jmew |man |mlan | mlaw
{f Jfow |fen

tow |®Bn |dan |[daw
teaw [tan |{’an

] ~

l

n [ndwW [nan [nlan |[nlew

13 Jsaw |wan

ts’ Jts’aw [ ts’an

3 |saw |san

r

k |kaw |ksn |wen |[%aw [kxVan
k’ |[k’oaw [ k’an |[®'an [®'aw |[kW’an
) W |en

x Jxaw |xan |[gon |[eow xVan
0 jon jow wvon

systematic gaps

I comment on the four environments above separately. First in /Ca#/, /8/ does not assimilate
to i/, since A/ is without a place feature, and since the requirement on Mandarin syllable
structure is satisfied in that both the nuclear and the coda positions are taken, /3/ surfaces as
[3]. A parallel case to this is /CaE/. As I have mentioned, /CaE/ surfaces as [Cej], with 6/
assimilating to /E/ and no lengthening. This again confirms the proposed place
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specifications of the two segments /E/ and A/. /E/ carries the place feature Coronal

underlyingly while A/ lacks place underlyingly. A/ surfaces as [w] through default.

Second, /Can/ surfaces as [Can]. No assimilation happens since /a/ only assimilates to a

vowel.

Third, /CEan/ and /CEay/ surface as [CJan] and [Claw], with nothing affecting /a/. One
might ask why /a/ does not assimilate to the preceding /E/ in this case, as happens in a
similar syllable [Cie] discussed earlier (see (30)). I argue that this can be explained by the
following constraint on the domain of spreading in Wuhan, and in Mandarin languages in

general, as shall be further seen.

(40) Constraint on domain of spreading in Wuhan

Th mmangs the trigger in svilabl

That is, spreading takes place only when the target segment c-commands, in syllable

structure, the trigger segment. “C-command” is defined as follows: a node o ¢c-commands
a node P if every maximal projection dominating & also dominates 3 , and o does not itself

dominate B (Cowper 1992: 85).

I take a few examples to illustrate how this constraint works. First let us look at [Cie]. The

underlying form is /CEa/. In this case /a/ assimilates to /E/.
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(41) 5/ c-commands /E/ in spreading

C

/\
t ::'Lne
cleus
E %
IT t
C-Pi

//§I- 1
Coronal

In the structure above, the target /a/ c-commands the trigger /E/. /E/ spreads its feature
Coronal onto /a/, resulting in [e]. Next the [e] is lengthened to take both slots of the rime to
meet the surface bimoraicity requirement of Mandarin syllable structure, as shown below.

(42) /E/ is lengthened on the surface to take both slots of the rime

Rnnc

PN
Nucleus Cnﬁa
IT R
C

/
/

Coronal

The second example to illustrate the domain constraint is [Cej]. The underlying form is

/CaE/. In this case /a/ assimilates to the following glide.
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(43) /3/ c-commands /E/ in spreading

(o}
/\
t Rime
Nucleus C

In the above structure the target /a/ c-commands the trigger /E/. Thus /a/ assimilates in place

to /E/.

The next example is one of the two cases raised as questions above, i.e., [(Jaw]. The

underlying form is /CEa#/. I mentioned that no assimilation happens ( in 39). Following is

the structure.
(44) fo/ c-commands A/, not /E/
c
/\
Onset Rime
RN
Nucleus CaEa
. A i
th R Rt
C-P1
/\ Pl V-Pl
/ VPl
Coronal
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In the above structure, /a/ c-commands /¥/, not /E/. Thus A/ is the potential trigger of
spreading. However, /i/ is not specified with any place feature to spread to /a/. /E/ is not
available as a trigger because it is not in the appropriate relationship with /a/. Thus no

assimilation happens in this case, and /a/ surfaces as {a].

The final sequence [Clan], in which no assimilation happens either, can be explained in a
similar way. That is, /o/ c-commands /n/, not /E/. Thus /n/ is the potential trigger of
spreading. However, since in Wuhan /a/ only assimilates to vowels and not to consonants,

no assimilaton occurs.

Thus in both sequences /CEar/ and /CEsy/, /a/ does not assimilate to the preceding /E/ since

fe/ does not c-command /E/.

Returning to the comments on table (42), the sequence /Clan/ surfaces as [CWan]. fa/ c-
commands /n/ and so /n/ is the potential trigger of spreading. However, /6/ does not

assimilate to a consonant in Wuhan. Hence no assimilation in this case.

To summarize the mid vowel /a/, this vowel assimilates in place to an adjacent glide /E/
which it c-commands and surfaces as [e]. It also surfaces as [¥], driven by the Mandarin

surface syllable structure requirement. In environments other than these, it surfaces as [a].
3.1.3.4 /0/--> [o]

The second mid vowel is /O/. This vowel is straightforward: it simply surfaces as [0]. I

show the distribution.

77



(45) Distribution of [o]

o [0y | EYy | /oy
P _Ipo poy
p lpo [pop
m [mo |mop
f foy
t fo tog
t' Jto t'on
n [no non
8 Juo |wop
ts’ fts’o [ts’op |
3 ]so sop §
r
k |ko kon |%o %oy
k' ko |k’onp [®’0 {%’on
) _fno  [mop
x |xo xon |¢o ¢on
0 Jo o [

systematic gaps of *[Dentall]

3.1.3.5 /a/--> [al
The last vowel is the low vowel /a/. Like /O/, /a/ also surfaces straightforwardly as [a]. I

give the distribution below.
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(46) Distribution of [a]

Al |AE/ [/ [fan/ |fay |/Ey |/Eay
P |rpa |[paj [paw [pan Ipay |pla |plaw
p Jpa |paj |paw |pan [p'ag [pl’a |plaw
m |ma |maj |[maw |man |may mlaw
f jfa fan |fay
t |[a [ty jtaw [tan [tan [9a [daw
t [ta |ta |[taw {tan [tay [g'a |d'aw
n |na |na |[naw |nan |[nay [pa !nlaw
ts |sa [wta [saw |[tsan [tsap 3Va |sVaj |sVan |sVay
ts’ ts’a [ts’aj [ts’aw [ts’an | ts’ay tsW’a | tsW’aj | tsW’an | 1sW’ay
s [sa [sa [saw [san [say sVa |sVaj |sVan |sVay
r Ya |rVaj
k |ka Jkaj |[kaw |kan [kap |wa {%aw |®ag [k¥a |kVaj [kVan [XkVan
kK’ Ik’a |K'aj Jk’aw |k’an |k’ay |%’a [%’aw |[®’ap [kW'a kW’aj | kW’an | kW ap
) |ga [ga) |paw [nan Jray [na
x |xa [xaj |xaw [xan [xan |ea [eaw [ganp [xVa [xWVaj [xVan [xVay
0 |a ja__Jjaw fjay [wa [waj [wan |wap

systematic gaps of *[Labial%]

/a/ is also a central vowel. Unlike the other two central vowels in this language, /#/ and /3/,

which assimilate in place to another segment, /a/ does not assimilate. The same is found

with the other Mandarin languages under study. I will summarize the assimilation patterns

of the three central vowels for Mandarin languages in section 4.3 of Chapter 4.

To summarize the place features of the five vowels, I have provided evidence to show that

the place feature Coronal on [i] is active whereas the place feature Labial on [u] is inert in

the phonology, and thus Coronal is underlyingly present on [i] (/E/) but Labial is

underlyingly absent on [u] (A4/). Further Labial is underlyingly present on [0]. Next I

examine the height specifications of the five vowels.
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3.1.4 Height specifications

In the discussions of place features I have simply assumed, for convenience, the
phonological height of each vowel being identical with its surface height. Below I repeat
the feature specifications of the five vowels in a shorthand way.

(47) Feature specifications of the five vowels in Wuhan

There are three central vowels in the system. I have already justified why A/ and /a/ are
unspecified for place, and I assume that /a/ too is unspecified for place. Thus there is a
three-way height contrast among central vowels. Assuming that Low and High are the
relevant features, /a/ must be specified with Low and // has to be specified with High. For
these three vowels, there is no other choice regarding height specification. The question is
the other two vowels, the front vowel, specified with place feature Coronal, and the back
vowel, specified with place feature Labial. I have already justified why the two vowels are
specified with their respective place feature. We see that unlike central vowels, which create
a three-way height contrast, both the front vowel and the back vowel create only a one-way
height contrast within their place of articulation in the system. In other words the front
vowel does not contrast with another front vowel in terms of height and the back vowel

does not contrast with another back vowel in terms of height.
Following the assumptions about feature specifications laid out in section 2.1.1 of Chapter

2, I assume that features are necessary either for contrasts in the system or for activeness in

the phonology. Given that the front vowel in Wuhan does not contrast in terms of height
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with another front vowel, and that the back vowel does not contrast in terms of height with

another back vowel (also that height features are not active in the phonology), I propose

that the two vowels are unspecified for height. This means the two vowels are phonological

mid vowels. I give the feature specifications of the five vowels below, with both place and

height features.

(48) Feature specifications of Wuhan vowels

V-Place
Coronal

Al
Rt

V-Place

fa/
Rt

N
Aperture V-Place Aperture

fal
Rt

PN
V-PI Aperture

Low

o/
Rt

V-Place

Aperture

Now I show how the vowels are realized on the surface in terms of height. In particular,

since the front vowel /E/ and the back vowel /Of are unspecified for height features owing

to the lack of contrast, I show how these two vowels surface.

Following the idea of vowel dispersion, i.e., vowels across languages tend to be realized

as far apart as possible in the vowel space (see Flemming 1995, among others), I assume
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that a front vowel or a back vowel tends to surface as high, taking two comers of the vowel
triangle. In other words, a front or a back vowel, without being specified for a height
feature, will surface as a high vowel through a default rule which inserts High. Next I

illustrate with examples how the two vowels /E/ and /O/ surface in Wuhan. First I examine

/E/.

The first example is /tsE/ (surface [ts1]), where /E/ appears in an open syllable.

(49) How /E/ surfaces as [1] after a dental consonant (lengthening ignored)

(a) Underlying
ts E
Rt Rt
! N
C-place V-place Aper

| I
Coronal Coronal
|

Dental
(b) Spreading
ts E
Rt Rt
' N
C-place V-place Aper

I |
Coronal Coronal
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(c) Default rule of High

ts E
Rt Rt

! N
C-place V-place Aper

I I :
Coronal Coronal High
l /
Dental

(d) Surface: [ts1] (“self”)

After spreading in (49b), High is inserted on /E/ in (49¢). Hence the surface form [ts1].

The second example is /paE/ (surface form [pej]). Here the front vowel /E/ appears in the
coda.

(50) How /paE/ surfaces as [pej] in Wuhan

(a) Underlying
p 3 E
e Rt Rt
RN RN
V-P1 Aper V:Pl Aperture
Corlnal
(b) Spreading from /E/ to /a/
P 3 E
. Rt Rt
27\
V-Pl _Aper VPl Aper
i \CoJonal
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(c) Default High on /E/

p ] E
. Rt Rt

PR N
VPl Aper V:H
\ J
Coronal gh

(d) Surface form: [pej] (“quilt”)

In (50b), the place feature Coronal spreads from /E/ to /3/, as discussed in section 3.1.3.3.
At this stage we have two adjacent front vowels. Next the fearure High is inserted on /E/ by
default, shown in (50c). A question here concerns why High is inserted on one vowel /E/,
in the coda, but not on the other /3/, in the nucleus? I propose that this is because /E/ is in
the coda while /3/ is in the nucleus. In Mandarin the coda position requires either a glide or
a consonant (see chapter 2 section 2.2.1). Thus /E/ has to surface as a high vowel to meet
this requirement. Hence default High on /E/ in the coda. Once the segment in the coda is
realized as a high vowel, the vowel in the nucleus cannot be realized as a high vowel. If
High is also inserted on the nuclear vowel /a/, we would have a surface result of *[pij].
However, if one examines the possible surface vowel sequences in Wuhan, a
generalization concerning height is found: with the exception of the long vowels derived
from lengthening, no sequences of high vowels exist. I treat this as a constraint in the

language and express it as follows.13
(51) Constraint on vowel-vowel sequence in Mandarin: *glhigh-high]q

Thus High is only inserted on /E/, which is in the coda, but not on /a/, which is in the

nucleus. Hence [pej]. In other words, the default rule inserting High refers to the syllable

151 will also discuss this surface constraint when I discuss the status of [ii] in section 3.1.5.
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position, when there is more than one potential targets of the rule. Default insertion of High
on the coda bleeds insertion of High on the nucleus. In the absence of a vowel in the onset

or coda, default High is inserted on the nucleus, as in (49).

The third example is /pEa/ (surface form [pe]). Here the front vowel /E/ appears in the

onset position.

(52) How /pEa/ surfaces as [pie] in Wuhan (syllable structure ignored)
(a) Structure of /pEs/ after syllabification

3
é]E N
‘Pl AN
V-Pl Aper

/T _
/ Vocalic
Labial Aper V-PI

I
Coronal

(b) Spreading of Coronal from /E/ 10 /a/

3
IT: /\
as V-Pl Aper
/ Vocalic

Labial Aper V-P1 -7
t,-”

Coronal
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(c) Default High on /E/

E)
il 2
C-P1 ~
/ Vocalic
Labial Aper V-PI ~
s
High  Coronal
(d) Lengthening of /a/
G
/ \ .
Onset Rime
N
Nucleus Ccﬁa
X 2
PE 3
Rt Rt
PN
C-P1 e N
/T V-Pl Aper
/ Vocalic

Labial Aper V-PI ~
I I
High  Coronal

(e) Surface form: [ple] (“different’”)

In (52b) the feature Coronal is spread from /E/ onto /a/. In (52c) High is inserted on /E/ in
the onset, but not on /a3/, which is in the nucleus. The reason is similar to that discussed
with respect to [pej], in (50). The onset position requires either a consonant or a glide (as
secondary articulation). Thus High is inserted on /E/ to ensure that it surfaces as a high
vowel. Since /E/ surfaces as high, /8/ cannot surface as high since two consecutive high

vowels in a syllable are not allowed in Mandarin. Thus no default High is inserted on /3/.
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Again, insertion on a non-nucleus bleeds insertion on a nucleus. In (52d) /o/ is lengthened

to occupy both slots of the rime to meet the surface bimoraicity requirement of Mandarin.

Hence [pie].

Above I have shown how different cases of the front vowel /E/ in Wuhan surface through a
default rule which inserts High. Now [ discuss the back vowel /O/. The back vowel might
also be expected to receive a default High feature, surfacing as [u]. However, in Wuhan the
default rule does not apply to the back vowel /O/; it simply surfaces as [o]. Recall that I
have discussed that the other vowel // surfaces as [u]. This means if /O/ receives a default
feature High and also surfaces as [u], the two phonemes would be neutralized on the
surface. I propose that in Wuhan having different phonemes surface as distinct forms is
important so that the default rule of High can be saved in order to avoid surface
neutralization of two phonemes (see Dyck 1995 and Avery 1996). In Chapter 4 I will show
that when neutralization is not an issue, as in the Mandarin language Chengde, default High

applies to the back vowel.

To summarize the discussion of height features in Wuhan, for central vowels there is a
three-way contrast in the system and two height features are used to capture the contrast.
For the other two vowels, the front vowel and the back vowel, since there is no height
contrast and no phonology forces their presence in the system, they are unspecified for
height. Further, the front vowel surfaces through a default rule of High. The back vowel
cannot surface as high because the result, [u], would cause surface neutralization of two

phonemes, which is not allowed in the language. The back vowel thus surfaces as [0].

Having discussed the place and height features of the vowels in Wuhan, I give a summary

of the realizations of different vowel-vowel sequences in Wuhan.
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(53) Summary of the realizations of different vowel-vowel sequences in Wuhan

[Phonological: V{V2 Phonetic Source

Es jlel assimilaton of /a/; default High on /E/ (see
52 for derivation)

Ea jlal default High on /E/

EE does not surface (1)

EO j[o] default High on /E/!6

i does not surface (1)

io wl¥ default Labial on A/; lengthening of /o/

ia wla] default Labial on A/

10 wlo] default Labial on A/ or assimilation of A/

EY [a]w default Labial on A/

99 does not surface (1)

9a does not surface (2)

sE felj assimilation of /3/, default High on /E/ (see
50 for derivation)

30 does not surface (2)

ai [a]w detault Labial on A/

a9 does not surface (2)

aa does not surface (1)

aE [a]) default High on /E/

20 does not surface (2)

Ot [o]w default Labial on // or assimilation of A&/
(see 28 for derivation)

O does not surface (2)

Oa does not surface (2)

OE *0) (accidental gap)

00 does not surface (1)

Ei i detault High on /E/; default Labial on A/;
coalescence of /E/ and A/ (see section 3.1.5)

iE i default Labial on A/; default High on /E/

(see section 3.1.5)

Note: {] around the vowel in the nucleus.

In the above table, the first column gives all the logical possibilities of the underlying two-
vowel sequences in Wuhan. The second column shows the surface forms of each
sequence. The third column gives the derivational processes from the underlying to the

surface forms. Notice I have shown that the two sequences /ei/ and /ie/ surface as [i]. I

address this issue in the following section 3.1.5.

16See section 2.2.1 of Chapter 2 for the syllabification of /EO/.
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There are some sequences which do not surface in the above table. I use numbers (1 or 2)
to indicate the type of reasons for these gaps. First, the fact that sequences /Ai/, /29/, /aa/,
/EE/, and /OO/ do not surface can be explained by a constraint in Wuhan which does not

allow two identical vowel sequences, as expressed below.

(54) Constraint against identical vowel sequences: *o/V1-V1/g

This constraint holds for the other Mandarin languages under study. Notice this constraint
only rules out two UNDERLYING identical vowels. Thus, it is fine when an underlying
vowel is lengthened on the surface, resulting in two SURFACE identical vowels, but

vowels which share all features.

The reason that the second type of sequences do not surface is that the vowel syllabified as
the non-nucleus cannot surface as a high vowel or glide, which is requirement for the non-
nuclear position in Mandarin. For instance, in the sequence /aa/, /a/ is syllabified as the
onset (/a/ as the nucleus since it is lower than /2/). However, /3/ does not have a

corresponding glide, unlike /E/, the corresponding glide of which is [j].

3.1.5 The vowel [i]

Having discussed both place and height features of the five vowels, I address one surface
vowel which has been left untouched so far, {ii]. Unlike the other surface vowels in this
language which are derived from a single source (i.e., each surface vowel has only one
underlying form), I propose that {ii] is derived from two vowels, [i] and [u] (underlyingly
/E/ and A/ respectively), and is a coalesced form of the two vowels. The distribution of [ii]

is very limited, as presented below.
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(55) Distribution of [ii]

[ii] in Nucleus [ii] in Onset
u | Ye
P p
P’ p’
m m
f f
t t
t t
n ni n
s 9
ts’ ts’
3 3
r r
k Bu k
k’ %’ k’
3 i ]
X gu X Ve
0 u 0 e yan

systematic gaps

To explain how [ii] is derived when in the nucleus, I take [nii] as an example. I propose

that the underlying form is /nEi/.

(56) How [nii] is derived from /nei/ in Wuhan
(a) Structure after syllabification: /E/ syllabified in the nucleus and 4/ in the coda



(b) Default rule of High on /E/ and Labial plus Dorsal on A/

c
/\
Onset Rime
Nucleus Coda
n E i
Rt Rt

N
V-P! Aper V-Pl Aperture
I : S \ I
Coronal High Labial Dorsal High

(c) Coalescence of /E/ and A/
o]
/\
Onset Rime
PN
Nucleus dea
|
X
//
n i
Rt

/\
V-Pl A
/N l
Coronal Labial gh

(d) Surface: [nii] (““woman”)

In (56a) /E/ is syllabified in the nucleus since it is lower in height than the other vowel A/.
In (56b) the default rule inserting High applies to /E/ and the default rules adding Labial and
Dorsal apply to A/, as discussed earlier this section. At this point we have two high vowels
[i-u]. Recall that two surface high vowels are not allowed in Wuhan (see 51). To solve this
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problem, the two vowels [i] and [u] are merged. The result is [ii], with the Coronal feature

of [i] and Labial feature of [u], as in (56¢). Hence [nii].

Here I compare (56b) with (52c). In (52c) the default rule which inserts High applies to
/E/, which is syllabified in the onset. The default rule inserting High cannot apply to /a/,
which is syllabified in the nucleus. I pointed out that this is because the vowel in the onset
has to be a high vowel or glide in Mandarin, and further a two-high-vowel sequence is not
allowed in Mandarin. In (56b), the default rule inserting High applies to /E/, which is
syllabified as the nucleus. Notice the vowel in the coda is also a high vowel. This results in
a two-high-vowel sequence, which is not allowed in Mandarin. Hence coalescence. Now
the question is: why in (56b) can the default rule High apply with the result of two surface
high vowels (with further coalescence), while in (52c) the default rule High cannot apply
because of the constraint of two surface high vowels? In other words, how do we know
that the default rule inserting High applies to the nuclear vowel in one case (/E/; 56b) but
not the other (/a/; 52c)? I propose the following constraint on the application of the default

rule High:

(57) Constraint on the application of the default rule High:
The default rule inserting High applies to a nuclear vowel only if it is singly

linked with a place feature.

Thus in (56b) the nuclear vowel /E/ is singly linked with the place feature Coronal; the
default rule of High applies to the vowel. In (52¢) the place feature Coronal is doubly
linked to both /a/ and /E/. Thus the default rule does not apply to the nuclear vowel /a/.17

TRecall that in (49) the default rule inserting High also applies to the nuclear vowel /E/ in the sequence

/sE/. [E/ is singly linked with the place feature Coronal.
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In table (55), we see that [ii] also appears in the onset. I take [%Ve] as an example and

explain how [ii] is derived when in the onset. The underlying form of [¥Ve] is /ki€a/.18

(58) How [ V¥e] is derived from /kiEa/ in Wuhan
(a) After syllabification
iE 3
PN
C'Pl e A
/N V-pl Aper
/ Vocalic Vocalic
/ N\
Dorsal Aper Aper V:Pl
gh CoJonaI

(b) Spreading from /E/ to /a/
iE )
) 2
C-P1

/ \
/N V-Pl Aper
/ Vocalic ~ Vocalic

/ N )
Dorsal Aper Aper V-PI -7
gh Coronal

(c) Default rule of Labial and Dorsal on A/ and default rule of High on /E/

iE 2
j PN
C-Pt yd AN
/ \ — V-PI Aper
/ Vocalic Vocalic
/ NN PN
Dorsal A]per VI-Pl V-IPl Aqer V-PL /

High Labial Dorsal High Coronal

18The ordering of Ae/ is flexible.
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(d) Lengthening of /E/

c
/ \ .
t Rime
PN
ucleus ioda
iE 3
‘j P
/ \ T~ V-Pl Aper
Vocahc Vocalic
RN
Dors V-Pl V Pl Aljler V-Pl /
High La ial rsal igh  Coronal

(e) Palatalization of /k/ and surface form : [$Ve] (“lack™)

In (58b) spreading takes place from /E/ to /a/. In (58c) default rules inserting Labial and
Dorsal apply to /i/ and the default rule inserting High applies to /E/. In (58d) /E/ is
lengthened to meet the surface syllable structure requirement. Finally after /k/ is palatalized,
i.e., /kE/ realized as [%], /ki€a/ surfaces as [%Ve]. Notice in this case the palatalization of
/k/ blocks (by taking place first) the application of coalescence of A/ and /E/ (which
otherwise would surface as [ii]). In section 4.2.1 of Chapter 4 I will present a case in

which coalescence does happen in the onset.

In table (55) we see that while [ii] appears in the onset (and the nucleus as well), it never
appears in the coda. Recall that the other two vowels which appear as secondary
articulation, i.e., /E/ ([j] on the surface) and 4/ ({(w] on the surface), can also occur in the
coda. I argue that this special distribution of [ii] supports the bisegmental status of this

vowel. Next I explain why [ii] appears in the onset but not in the coda.
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First I show why [ii] is not found in the coda. I take a hypothetical example [paii] to

illustrate. The underlying form of [paii] is /pae#/. Following is the derivational process.

(59) How [paii] would be derived from /paEi/

(a) Underlying
c
_/\
Onset Rime
/\
Nucleus Coda
/\ .
1( T( <---- *branching coda
p a E i
- . Rt Rt

/\ /\
V-Pl Aper V-Pl Aperture
I l
Coronal High

(b) Default rule of High on /E/ and Labial plus Dorsal on A/

c
/\
Onset Rime
N
Nucleus Coda
T~ <---- *branching coda

P a E i
. Rt Rt

/\ /\
V-P1 Aper  V-Pl Aperture
r ! SN |
Coronal High Labial Dorsal High
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(c) Coalescence of /E/ and A/

g
/\

Onset Rime

/\
Nucleus Coda
T T~ <---- *branching coda

T/X

ii
Rt
/\
V-Pl A
/N |
Coronal Labial gh

(d) Surface: [paii] (hypothetical word)

In (59a) we see that both /E/ and A/ are syllabified in the coda. Thus we have a branching
coda. I show in section 2.2.1 of Chapter 2 that in Mandarin, each of the three syllable
positions, i.e., the nucleus, the onset, and the coda, can only have a single timing slot both
underlyingly and on the surface. None of them can branch. Thus the Mandarin syllable
structure is violated if /E/ and // (the underlying form of [ii]) appear in the coda. In (59b) I
show how the default rules would apply to /E/ and A/. In (59¢) I show the result of
coalescence of /E/ and /i/. As we see, if [i] appears in the coda, we will have a branching
coda, which is not allowed by the Mandarin syllable structure requirement. This is the

reason that [ii] is never found in the coda position.

On the other hand, [ii] appears in the onset. I have already shown in (58) the derivational
process when [ii] occurs in the onset. I repeat (58a), the underlying structure, for

illustration.
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(60) Underlying structure of [sVe] (kiEa)

(o]
// \ -
Onset Rime
PN
ucleus Eoda
X
KiE 3
C-Pl e AN
/T~ V-P1 Aper
/ Vocalic Vocalic
/ N
Dorsal Aper Aper V:Pl
gh CorJonal

As we see, both /E/ and /i/ are syllabified in the onset as secondary articulations on the
consonant. /kiE/ takes the one-timing-slot of the onset, required by the Mandarin syllable
structure. In other words, it is fine to have two vowels sylilabified as secondary articulation

of the consonant.

To summarize, I propose that the surface vowel [ii] is derived from two underlying vowels
/E/ and A/. Because of this bisegmental status, [ii] cannot appear in the coda, since a
branching coda is not allowed by the Mandarin syllable structure. However, [ii] appears in
the onset (and nucleus as well), since two vowels can be both syllabified as secondary

articulation of the consonant. I have also shown the derivations of the occurrences of [ii].

3.1.6 Conclusions of Wuhan
In this section I examined how the surface vowels in Wuhan in (3) are derived from the
five phonological vowels proposed. I have argued for the place and the height feature

specifications of each vowel. Specifically I have pointed to the difference in patterning of
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surface front and surface back round vowels. In the next section I introduce Linfen,

another five-vowel inventory, to compare with Wuhan.

3.2 Linfen

In this section I introduce a second five-vowel inventory, Linfen. Linfen has the same
phonological vowel inventory as Wuhan. However, Linfen differs from Wuhan in how the
vowel fi/ surfaces. More specifically while A4/ in Wuhan surfaces by both assimilation (in
the nuclear position) and default (in the non-nuclear position), it surfaces only by default in
Linfen. By comparing the two languages, we will see what is common to Mandarin

languages and how they could differ.
3.2.1 Consonants
First, I present the surface consonant inventory of Linfen. The data for this language comes

from Li and Chen 1996.

(61) Phonetic consonant inventory of Linfen

Retroflex

Stops and

affricates | +asp

Fricatives f, v s ¥ ¢ X

Sonorants m n, | 1

Notice in Linfen there is voicing contrast for labial fricatives, and a nasal/lateral contrast for
alveolar sonorants. Neither contrast is found in Wuhan. These differences do not affect the
vowel inventories. Assuming that palatal consonants are not underlying consonants but

velar consonants surfacing with palatalization, the phonological consonant inventory of

Linfen is as follows.
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(62) Phonological consonant inventory of Linfen

L Labial | Alveolar | Dental | Retroflex | Velar
Stops and | -asp ) t ts ts k
affricates | +asp p’ t’ ts’ ts’ k’

Fricatives f,v S S, & X
Sonorants m n,l n

The place specifications of the consonants above have been discussed in Chapter 2 and are

not repeated.

3.2.2 Vowel inventory: phonetic

Next I examine the vowel inventory. First [ introduce the phonetic vowel inventory.

(63) Phonetic vowel inventory of Linfen

Front Central Back
Unrounded | Rounded Unrounded | Unrounded Rounded
High i ii 1 1 u
Mid e 3 ¥ 0
Low a

This inventory is very similar to the one in Wuhan (see (3)). The only difference is that the
apical vowel [\] exists in Linfen but not in Wuhan. I have already explained this as being
due to the influence of the retroflex consonants. With the two surface inventories being so
much alike, the next question is: are the vowels distributed in the same way in the two
languages? We need to see where the distributions are similar and where they differ. In
order to do this, I propose first, based on the distributions of the vowels in (64), the

phonological vowel inventory of the language.
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(64) Proposed phonological vowel inventory of Linfen

Further I propose these vowels surface in the following way.

(65) How vowels surface in Linfen

[E/—> [1]
[v]
[i]
&4 -->[u]
fol--> [e]
[¥]
(a]
/aj--> [a]
[0/~-> [o]

after a dental consonant

after a retroflex consonant
elsewhere

by default

following or preceding glide (j]

in open syllable but not following glide [j]

elsewhere

I have bolded some parts. These are places where Linfen differs from Wuhan. Next I need

to go through the distribution of each vowel so as to determine the feature specifications of

each vowel. I separate place features from height features. First I examine place features,

assuming height features as indicated in (64). The place feature specifications I propose for

the five vowels are structurally represented as below.
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(66) Place feature specifications of the five vowels: structural representations

€/l Al 1al, laf o
Rt Rt Rt
! I |
V-Place V-Place V-Pi
I |
Coronal Labial
I start with the front vowel /E/.

3.2.3 Place specifications
3.2.3.1 /E/ --> [1], [+], [i]

The vowel /E/ has three surface forms, [1], [t], and [i]. The distributions of both [1] and [1]

are very limited, as shown in the two tables in (67) and (68) respectively.

101



(67) Distribution of [1]

-l

A

a[-=[]~[<[~]z

ts1
ts’1
31

|

-
w

)

i k2

CIH K."W'NM

The vowel [1] is only found in the nucleus and following a dental consonant.
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(68) Distribution of [1]

/E/
P
pQ
m
f
\'4
t
=
n
1
)
ts’
3
LA L
[l X
3 J8t
g |3
k
k,
]
X
0

The vowel [\] is only found in the nucleus and following a retroflex consonant. Thus [1]
and [\] are in complementary distribution with the vowel [i]. Next I present the distribution
of [i]. I show the distribution of [i] according to the syllable position it appears in, i.e., in

the nucleus, in the coda, and in the onset.
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(69) Distribution of [i]
(693) [i] found in the nucleus

pi

=

o o

p’i

<|™8

|~

b =2 jac

zlelw]zle]~]s

=

of x| |~ =lvifw
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|

105

[ [AE [RE

P _|pra |pej

p |pa Ipe

m |maj; |mej

f Jfa; |[fg

v

t | tej

il EEHEC Ve

n [naj [ne

1 [ly

s |3) ch uvej

ts’ {ts’a) |1s’e) tsV’ej

s [saj |se sVej

¥ %3 $Vej

s |’y tsV’ej

3 | sVej

é

k |Xkaj %3] [kVaj [kVej

k' |K’q k¥’aj | kV’ej

D _{oaj :

X |xa) 6y |xVaj [xVej

0 wa) | wej
systematic gaps




ol | [Fo/ | o/ | /Eak) T Faif | /oy [/Fan/[ Fary |
P | pla| ple | plon plaw plan
P |pla| ple [p’en ‘aw ‘an
m | ma | mle | mlan mlaw mJan
f
v
t]da | de Yaw | Yow | Yan
U ]da| e U'aw Y’an
| na | nle | non naw | nJew | nlan | nlay
1Y VPa| ve | Usn Paw | Vsw | Dan | Day
©
=
s
B
S
3
é
k] wa | we | gan %] gaw | %ow | %an | W
kK’'] %a] %'e | g'an $’aw | ®’aw | ®¥’an| %’ap
Y
X t:"a ge | ¢an ¢aj gaw | gaw | gan { ¢ap
j 1 ja je | jon jaw aw an | jap

systematic gaps

When [i] occurs in the nucleus, it follows labials, alveolars, and dorsals, but not dentals or
retroflexes. This shows the complementary distribution with the other two vowels [1] and
[+). For this reason I regard [1], [\], and [i] as three surface forms of one phoneme /E/ (the
phonological height of this front vowel is addressed in section 3.1.2). Notice that in tables
(69b) and (69c) there are some shaded areas of systematic gaps. I have already discussed in
section 3.1.1 for Wuhan that the gaps */dentall/ is ruled out by a structural complexity
constraint. I propose that the gaps */retroflexJ/ is also ruled out by a complexity constraint.

I show in (70) the two structural complexity constraints.
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(70) Structural complexity constraints of */dentali/ and */retroflex)/ in Linfen

*fisi/ *fsl/
Rt Rt
| |
C-place C-place
//\v lac - Viplace
- (] -
- ] - ]
[(;:Lonal Coronal CoE]nal Coronal
tal Retroflex

3.2.3.2 /i/ -->[u]

The second phonological vowel I discuss involves the surface form [u]. The surface form

[u] in Linfen is distributed differently from that in Wuhan. Particularly, in Linfen, in the

nucleus, [u] is found with all types of consonants. It is not restricted to occur with only

labial or dorsal consonants, as in Wuhan (see section 3.1.3.2). I show the distribution in

(71). Recall that A/ is, I will argue, the underlying representation of [u].
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(71a) Distribution of [u] in the nucleus in Linfen
A
pu
p’u
mu
fu
vu
tu
t'u

l

=l

<|™ g

~ § ~
&

&=

Bsu
ts’u
su
tu
S'u
3u

|

~
w

-l
-l

78371 bl

ku
k’u

Xu

Of 4 | ?t;c‘ﬂfu

Further I show how [u] is distributed in the other syllable positions, i.e., in the coda and in

the onset.
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(71b) [u] appears in the coda in Linfen

/aif RY | /[Eaif | /Eoi/
P [paw plaw
p’ Jpaw ‘aw
m |maw mlaw
f
v
t Jtaw ©BW |daw | daw
t Jtaw | t'aw | ¢ aw
n naw | naw [nlaw | nlow
1 low |Daw | Vaw
s Jsaw | saw
ts’ [ts’aw | ts’aw
s [saw | saw
-3 Fow
ts’ 3’aw
3 ow
¢ gBw
k Jkaw | kaw |waw | Baw
k’ |k’aw | k’'aw | ®’aw | ®'aw
) fnaw | mpw
x [xaw | xaw Jgaw | gow
0 jaw  |aw

I should point out here the sequence [aw]. When [a] is followed by [w], it still surfaces as
[2]). As in Wuhan, [2] does not change its place feature, say, to [0] because of [w]. In other
words the place feature Labial on [w] does not affect [a]. This suggests that the place

feature Labial on [w] is not active in the phonology.
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(71¢) [u] occurs in the onset in Linfen

Aa/ |AYY | PAaE/ | AGE/ |[Aan/ | fen/ fo
P
m
f
v :
t tVej |tVan [tVan tVay
3 tV’¢j |t¥V’an |tV’an tV’ay
n
1 IVan [1Van [1Vay
o wVej |8Van [8Van sVan
ts’ tsV’ej [ ts¥’an | tsV’an tsV’ay
s sVej |sVan |sVean 3Van
¥ JyVa 9Vej |9Van |yVen |yVay [yVap
5" JisVa ts¥'ej [ts¥'an |15V an | 5V’ap | tsVay
4 3Vej $Vay
3
kK 1kVa |kVo |kWVaj [k¥ej |kVan [kVan |kVan [kVap
kK" [k¥’a [k¥’0 [ kV’aj | k¥’ej [k¥’an [k¥’an [kV’ay [ KV an
3 IgVa
X IxVa [xVo [xVaj [xVej [xVan {xWVon [xVag |xVay
0 Jwa wo waj | wej wan wan wan wan

systematic gaps of *[pW]

I propose that the vowel [u] is underlyingly A/, which is placeless (and high). Recall that in
Wuhan the evidence for the surface vowel [u] to be underlyingly placeless (i.e., 4/) comes
from two sources. One is that the distribution of [u] in the nucleus is conditioned by the
onset consonant. It is reasonable to believe that [u] underlyingly lacks a place feature and
assimilates to a consonant place feature. The other source of evidence comes from the
inertness of the place feature of [u] when [u] occurs next to /a/. When /8/ occurs next to the
glide (j], /a/ is affected by [j] in place and becomes a front vowel [e]. However, when /a/
occurs next to the glide [w], it is NOT affected by [w] in place, becoming, say, [o]. Instead
it either remains as (3] or is lengthened as [y]. Again it is reasonable to believe that [w]

does not affect /o/ in place because [w] does not carry a place feature Labial underlyingly.
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In Linfen, [u] in the nucleus is not conditioned by the consonant. However, there is
evidence that the place feature Labial of [w] is inert when [w] occurs next to /a/,
particularly in comparison with the activeness of the place feature Coronal of [j] in the same
environment. This suggests that the vowel [u] might lack underlyingly a place feature while

(j] carries a place feature. I will address this again when I discuss the vowel /a/.

3.2.3.3 /a/--> [e], [¥], [a]

The third vowel in Linfen is /a/. The distributional pattern of this vowel is very similar to
Wuhan. That is, when occurring next to [j], /a/ surfaces as [e]. When occurring in an open
syllable but not next to [j], /e/ surfaces as [¥]. Otherwise /o/ surfaces as [a]. I show the

distributions in (72).
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(72) Distribution of [e]: /a/ occurs next to [j]
BE/ | foE/ | [Fo/ | o/

k'e] [ kWej| ®'¢ [gVe

xVej | % | ¢Ve
wej je e

P P ple
| pel e
m [ me) mle
f] fe

v

t] tg

T

n | ne

I leg

s | ue

ts’ | ts’e)

s

L KL

TR

¢

3

k| ke

%

0

X

0

systematic gaps

I have shown for Wuhan how /a/ assimilates both progressively and regressively to [j] and
surfaces as [e] (see section 3.1.3.3). The same happens in Linfen and again I analyze this
as spreading the Coronal feature to /3/, causing /a/ to surface as a front vowel [e]. This

suggests that [j] is underlyingly specified with the place feature Coronal.
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(73) Distribution of [¥]: /o/ occurs in an open syllable but not next to {j]

R/
p | p¥
plpy
m my
f
\'4
t
U]ty
n
1 1y
13

3Y
Y
'Y
3

k¥
k'
¥
XY

|

= B =1t Bl 2 20 A 71 P b
o

/3/ is lengthened in an open syllable (but not following [j}) to [¥], driven by the requirement
of Mandarin syllable structure discussed for Wuhan. Notice in the above table /a/ does not
assimilate in place to the preceding consonant. Recall in Wuhan /a/, a V-place itself, only
assimilates to another V-place, not to a C-place. This constraint holds for /8/ in Linfen as

well.
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(74) Where /o/ surfaces as [9]: elsewhere
Y | o [AY | fe/ | Aoy |/oy
pan | pay
p’an | p’a
man |may
fon |fay
vey
ww | ©Bn |[B) |tVon |tVay |dow
tew | t'an [tag | Wan |(Way

now | nan |nap nlaw
law | lan {loy }1Van Usw
waw | wan [S3) |5Van |wVap

ts’aw tsW’on | tsW’ay
saw | san [sa) |sVan [sVay
Wow | won | oy jVon [t3Vap
Waw | §'an [ §'a) [gVian [ 15V ey
3aw | gan [gap
W | 38n |FPY
kaw | kon [ksn | xVap | xVap
k’aw | k’an k'3 | k<W'an | kW’ay
W | 1en
xaw | xan |x3) | xVap | xVap |¢oW
wan wan |jaw

O] #|s| | mlw|w|Gla] ] &) @] | 5| =) -] <| =] F[2)w

systematic gaps

Sequences in the above table are similar to Wuhan and have already been addressed in
section 3.1.1. For instance, in the sequence /ow/, /a/ does not assimilate to A/, indicating
that the place feature is underlyingly absent on A/. In sequences /an, ax, Yan, and Vay, la/
does not assimilate to a consonant in Linfen either. In the sequence flawl, 1a/ does not c-

command /E/ and so does not assimilate to /E/.

To summarize the vowel /a/, this vowel has three surface variants. [e] is found when next
to (j1, a result of place assimilation to the latter. [y] is found in an open syllable but not

following (j], a result of lengthening driven by the requirement of syllable structure. [3] is
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found elsewhere. Further, /o/ only assimilates in place to another vowel, not consonant,

and this vowel has to be the closest segment to // in structure.

Before I move on to the last vowel, I present one more piece of evidence to show that in
Linfen the place feature Coronal of [i] must be present underlyingly, apart from the
distributional evidence that [i] causes a neighboring // to assimilate in place. The evidence
is diminutive r-suffixation. In Linfen, when the diminutive suffix - is attached to the stem,
the following patterns are found (Chen and Li 1996; Wuhan does not show these patterns

of r-suffixation).

(75) R-suffixation patterns in Linfen
(A) When stem ends with segment other than /i/ or /n/:
a-->ar o-->0r u-->ur ia --> iar
ua --> uar uo -->uor  au-->aur au -->aur
jau-->jaur  jau --> jeur
(B) When stem ends with /i or n/:
(1) i-->ier
(ii) ai-->ar an -->ar ei -->ar an -->aor
ian —->iar uai-->uar uwan-->uar ien-->ior

uei --> uar uan --> uar

The patterns show that when the stem ends with a segment other than /i, n/, /t/ is attached
directly as the suffix. However, when the stem ends with /i/ or /n/, changes happen. In an
open syllable, /2/ is inserted between the stem and /r/ (see 75Bi). In a closed syllable, the
coda segment of the stem is eliminated when /t/ is attached (see 75Bii). Assuming that /i, n/
are both specified with the place feature Coronal, and assuming that /r/ is also specified
with the place feature Coronal (see Wu 1994 for arguments), I argue that when /r/ is
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attached to a stem ending with /i/ or /n/, two adjacent Coronal nodes are found, which

creates an OCP violation, as expressed below.

(76) OCP constraint against two adjacent Coronal segments in rime in Linfen
* X Y

Rt Rt

| I

C-P/V-P1 C-P1

Coronal Coronal

Domain : in the rime

I show how sequences in (75Bi) and (75Bii) are derived. First, [ show how /i/ + /t/ -->

[iar] in (75Bi).

(77) How /i/ + /t/ --> [ier] in Linfen

(a) Underlying (ignoring other features of /i/ and /r/)

A + hirk

Rt Rt

| |

V-P1 C-P1

| |

Coronal Coronal <--- OCP violation

(b) Repair strategy: /o/ inserted

A el i/

Rt Rt Rt

I oo

V-Pl C-Pl

| |
Coronal Coronal
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(c) Surface: [iar]

In (77a), the OCP is violated since there are two adjacent segments both specified with
Coronal. To solve the problem, in (77b) /a/ is inserted. Since /i/ and /r/ are no longer

adjacent to each other on the segment level, the OCP is not violated. Hence [iar].

Having shown how sequences in (75Bi) are derived, I show how sequences in (75Bii) are

derived. I take /an/ + /r/ -> [ar] as an example.

(78) How /an/ + /r/ -> [ar] in Linfen
(a) Underlying (ignoring other features of /i/ and /r/)
/ol oo+ f/

Rt Rt

| I

C-Pl C-Pl

| |

Coronal Coronal <~—-- OCP violation

(b) Repair strategy: /n/ deleted

fal i
Rt
|
C-Pl
|
Coronal
(c) Surface: [ar]
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In (78a), the OCP is violated since there are two adjacent segments both specified with
Coronal. To solve the problem, /n/ is deleted in (78b). Notice unlike (77), /o/ is not
inserted here as a repair strategy. The result of /3/ insertion would be [anar). I assume that

no extra syllable is allowed in the process of r-suffixation.!? Instead, /n/ is deleted. Hence

[ar].

A comment on the forms au --> aur, au --> aur, jau --> jaur, jou --> jour in (75A) is in
order. In these r-suffixed rimes, there are three segments. For instance, in [aur], assuming
[a] is in the nucleus, there are two segments, [u] and [r], in the coda. This presents a
problem for our assumptions about Mandarin syllable structure, i.e., that only one segment
is allowed in the coda. There are two possible solutions here. One is to follow the proposal
of Wu 1994 for Beijing Mandarin in treating the r-suffix as a featural suffix, not a
segmental one ([aur] would then be [auf]; superscript [r] indicating the feature Retroflex on
[u]). Thus there is only one segment in the coda in the cases mentioned. The Mandarin
syllable structure requirement is met. The other solution is to suggest that the Mandarin
syllable structure assumed only holds of morphologically non-derived forms. In

morphologically derived forms, a branching coda is allowed. I leave this for further

research.

To summarize the r-suffixation patterns in Linfen, the vowel /i/ patterns in the same way as
/n/ (specified with Coronal) in that both resist being adjacent to another coronal segment //.

Based on this behaviour of /i/, I conclude that the place feature Coronal must be present

19This can be regarded as a constraint in Mandarin that repairs cannot add syllables.
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underlyingly on this vowel, supporting the conclusion drawn earlier from the distributional

pattemns of [i].20

3.2.3.4 /a/ --> [a]

The fourth vowel is /a/, unspecified for place as a central vowel. Like /a/ in Wuhan, /a/ in
Linfen does not assimilate in place to another segment. It surfaces as [a]. I have addressed
the inertness of /a/ for Wuhan, comparing /a/ with the other two central vowels /i/ and /5/.

(79) Distribution of [a]: to be continued

fel |/aE/ [fa/  |/an/ [jay |y | /EaE/] /Eay | /Ean/]/
p Ipa |paj |[paw |pan [pay |[pla plaw |plan
p’ fp’a |p'a [p’aw [p'an |[p'an [pi’a ’aw | p)’an
m |ma |maj {maw |man |may |mla mlaw | man
f lfa |fa fan |fay
v [va van
tja [t |aw f[tan |u) |¢a vaw |van
t [ta |ta {taw |[tan [t'ay |2 t’aw | U’an
nfna fnaj |naw |nan {nay |pna nJaw |nJan |nJan
I Jla Jlaj lan  [Da Daw |Uan | Vap
S |a |w®a) [saw |wan |sap [
ts’ Jts’a [ts’aj[ts’aw |ts’an | ts’an
s |sa |saj [saw [san |san
$ |%a | gaj
§ |ts’a Jis'y
g 18a |3y
3 1%
k Jka Jkaj |kaw fkan |kap |®wa [®aj |%¥aw | %an | gan
k' |k’a |k'a) [k’aw |k’an {k’an | %’a %’aw | %¥’an | %’an
Dfoa Inay [naw |nan |map ‘
| X |xa_|xaj |xaw |xan jxap |%'a |¢a |eaw | gan |gap
0 Ja ja jaw | an an

systematic gaps

20Although the feature specification of [i] is supported by evidence from both the distribution of (i] and
from r-suffixation in the language, the feature specification of the other vowel [u] (proposed //; feature

Labial absent underlyingly) is only supported by the distribution of [u].
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(79) Distribution of [a]: continued

Ao/ | PaE/ lfan/ (A /By | /Flan/
)
m
{
v
t
r
n
l Wan |[1Vay
s tsVan
1s° tsV’an
s sVan
8 |gVa $Van | gVap
¥ Js¥a tsV’an | sV an
3 gVan
3
K |x¥a |x¥aj | kVan {kVap {$V¥a | ®V¥an
k' [kV’a |k¥’aj | kV’an [ kV’ag [ sV’a [¥V’an
) |IpV¥a
X |xVa [xVaj | x¥an {xVan [¢¥a | ¢Van
0 |wa wa) | wan wan yan

systematic gaps

3.2.3.5 /0/ --> [o]
The fifth vowel is /O/, specified with place feature Labial. This vowel surfaces as [0].
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(80) Distribution of [0]

k'o | k¥Vo|®V¥'0

of x| 7| mlwiw gl |E|a] | 5|~ ~]<|~|Z [l

systematic gaps

Notice in the above table [0] only appears in an open syllable. It is not found in a closed
syllable (with a coda segment being either glide or nasal in Mandarin). In this respect
Linfen is different from Wuhan, where [0] does occur in a closed syllable such as [oy].
Recall that /O/ in Wuhan is not affected by default High insertion because of the

neutralization of two phonemes /Of and A/. See section 3.1.4.

Above is the discussion of the five-vowel system of Linfen, focusing on place feature
specifications. Linfen has the same vowel inventory as Wuhan in that there are three central
vowels, one front vowel, and one back vowel. I propose that the three central vowels are
distinguished from each other in that /a/ is specified with Low and A/ is specified with
High, with /a/ unspecified for a height feature. Following the arguments for Wuhan, I
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propose that the front vowel /E/ and the back vowel /O/ are unspecified for height based on
the lack of height contrast among front vowels and among back vowels. Further, the front
vowel /E/ surfaces through a default rule of High. The back vowel /O/, however, does not
receive a default feature High, since such a result [u] would cause surface neutralization
with another phoneme fi/ (which also surfaces as [u]), which is not allowed in the
language. I have shown the details of derivations in section 3.1.2 for Wuhan and do not

repeat them for Linfen.

Below is a summary of the feature specifications of the vowels in Linfen.

(81) Feature specifications of Linfen vowels

Al
Rt
N
V-Place Aperture
|
High
/E/ fa/ o
Rt Rt Rt
PN PN PN
V-Place Aperture V-Place Aperture V-Place  Aperture
l I
Coronal Labial
fal
Rt
V-Pl Aperture
I
Low
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3.3 Concluding remarks

In this chapter I have introduced two five-vowel inventories in Mandarin. I have shown in
detail, based on the distribution of the surface vowels and their phonology in each
language, that these five-vowel phonological inventories in Mandarin languages are
identical phonologically and are realized differently on the surface. In particular, the central
vowel A/ in Wuhan is realized on the surface by assimilation and default, while the same
vowel is realized simply by defauit in Linfen.

Wuhan and Linfen represent two types of five-vowel inventories in Mandarin languages.
Other five-vowel Mandarin inventories have also been found in my study. These languages
include: Chongqing, Guiyang, Dali, Jishou, Liping, Zigong, Chengdu, Xichang,
Nanchong, Changde, Shangqiu, Zhengzhou, Linxian, Huhehaote, and Suide. I did not
include these inventories in this chapter for lack of evidence for feature specifications.
Recall from this chapter that the evidence for determining feature specifications of a vowel
inventory (for both Wuhan and Linfen type) comes from distribution of surface vowels. In
particular, we notice that in both types the vowel /a/ assimilates in place to a neighboring
segment [i] but not [u], showing that the place feature of {i] is active and thus present
underlyingly, while the place feature of [u] is inert and thus absent underlyingly. Such
evidence, however, is not found with the languages given above, according to the available

data (Chen and Li 1996). I take Chongqing for illustration.

(82) Surface vowel inventory of Chongging:

Front _ Central Back _
L Unrounded | Rounded Unrounded | Unrounded [ Rounded
High 1 i 1 u
Mid € 0
Low a
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The surface inventory is close to that of Wuhan (see 3), but is missing the vowels [a] and
[¥]. Assuming that [ii] is not an underlying vowel (derived from two vowels) and that 1] is
a surface variant of /i/ (as in Wuhan and Linfen), we have the following five phonemes for

Chongging:

(83) Five phonemes of Chongqing
i u

€ 0

No evidence has been found to support the feature specifications of the vowels in this
inventory. For instance, there is no assimilation (since there is no phoneme /a/, which is
the target of assimilation in Wuhan and Linfen). There is no clue from the OCP. For
instance, sequences [je] and [ej] are fine (two adjacent coronal segments), as is sequence
[ou] (two adjacent labial segments). The r-suffixation data in this language do not provide
any evidence either. [t is hoped that future fieldwork could provide more details about these

languages in order to determine the nature of their phonological inventories.

The languages discussed in this chapter present strong confirmation for the contrastive
specification approach outlined in Chapter 2. Given that there is only one phonological high
vowel, this theory predicts that that vowel would be inert with respect to place of
articulation phonology: it contrasts with no other place at its height. This prediction is borne
out in that the surface vowel [u] is not involved in phonological processes while [i] (from
{/E/), is an assimilation trigger in both languages. The vowel /O/ too requires a feature by

this theory and this feature spreads (see (28)).
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Chapter 4 Mandarin four-vowel inventories

In this chapter [ examine Mandarin languages with four-vowel inventories. I have selected
for discussion two representative languages, Chengde and Harbin. In section 4.1 I examine
the phonological vowel inventory of Chengde. In section 4.2 I examine the phonological
vowel inventory of Harbin. In section 4.3 I address the assimilation patterns of central
vowels arising from the discussion of these Mandarin languages. In section 4.4 I draw a
conclusion for the chapter. When compared with the five-vowel inventories discussed in
the previous chapters, it will be seen that two different phonological inventories can be

realized as the same phonetic inventory.

4.1 Chengde

Languages in this type include Chengde, Tangshan, Baoding, Cangzhou, Shijiazhuang,
Tianshui, Hanzhong, Lingbao, Jinzhou, Yangyuan, Handan, Dandong, Hailar, Yuanyang,
Hami, Urumchi, Beijing, Tianjin, and Yantai. Chengde is taken as an example for

illustration. The data on Chengde come from Chen and Li 1996.

4.1.1 Consonants

First I introduce the consonant system of Chengde. The surface consonant inventory of

Chengde is given in (1).
(1) Phonetic inventory of consonants of Chengde _
l HLabial ! Alveolar ' Dental I Retroflex | Palatal | Velar
tops and | -asp p t ts ts v k
affricates | +asp fp’ U ts’ ts’ % kK’
Fricatives 'H ) [ ¢ X
Sonorants fm n, | N
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As discussed in Chapter 2, Mandarin surface consonant inventories vary mainly in the
presence/absence of retroflexes. Among the languages we have seen, Wuhan does not have
retroflexes, whereas Linfen does. Chengde also has retroflex consonants. The presence of
retroflexes in this language implies the existence of the surface vowel [1]. Recall from
section 3.1 of Chapter 3 that the apical vowel [] is the vocalic continuation of a preceding

retroflex consonant and so only exists when such a consonant precedes.
I have argued that surface palatals in Mandarin are not underlying consonants but rather
velar consonants with palatalization. Thus the phonological inventory of Chengde includes

only five places of articulation, as shown in (2).

(2) Phonological inventory of consonants of Chengde

Labial | Alveolar | Dental | Retroflex | Velar
Stops and | -asp P t ts 1S k
affricates |+asp |p’ t’ ts’ ts’ kK’
Fricatives f s $ 3 X
Sonorants “ m n, 1 0

Among different features of consonants, only place features are relevant for our
examination of vowels. See Chapter 2 for place feature specifications of labial, alveolar,

dental, retroflex, and velar consonants. Next [ examine the vowels.

4.1.2 Vowel inventory: phonetic

First I provide the surface vowel inventory of Chengde.

(3) Surface vowel inventory of Chengde

Front Central _ Backl
Unrounded ]| Rounded Unrounded | Unrounded Rounded
H-irgh 1 i 1 1 u
Mid e ) Y 0
Low a
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Notice that this surface inventory is identical with the surface inventory of Linfen (see table
48 of Chapter 3). I will show after discussing Chengde, how two identical surface

inventories are derived from two different phonological inventories.

I propose that the surface vowels in table (3) are derived from four underlying vowels,

represented in structural terms below.

(4) Structural representations of the four vowels in Chengde

/E/ 3/ e
Rt Rt Rt
PN PN PN
V-P1 Aperture V-P! Aperture V-PI Aperture
| |
Coronal Labial
fa/
Rt
PN
V-P! Aperture
I
Low

This is a two-height inventory. /a/ is a Low vowel, and the other three are non-low. Among
the three non-low vowels, there is a front vowel, marked with Coronal, a central vowel,
unmarked for place feature, and a back vowel, marked with Labial. All three are
phonologically non-low and non-high, or in other words unspecified for height.
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Next I show how the vowels in the surface inventory in table (3) are derived from the four
underlying vowels. First I present the distributional patterns of each phonological vowel

and its surface variants.

(5) Distributions of each phonological vowel and its surface variants in Chengde
[E/ -->[1] after a dental consonant in the nucleus
[ after a retroflex consonant in the nucleus
i} elsewhere
10/ --> [u]
R/--> [e] following or preceding glide [j]
[o]  following or preceding glide [w]
[¥] in open syllable but not following glide {j] or [w]
[a] elsewhere

/a/--> [a]

The vowel /E/, with a Coronal place feature, has three surface variants, [i], [1], and [1].
This pattern is familiar to us from Linfen. The vowel /O/, with a Labial place feature,
surfaces simply as [u]. The vowel /3/, with neither place nor height features, has four
surface variants, [e], [o], (8], and [y]. Lastly the vowel /a/, with the height feature Low,
surfaces simply as [a]. The pattern of this vowel is not strange to us either since we have

seen it in both Wuhan and Linfen.

In the next section I go through the distribution of each vowel. Again my discussion is
focused around two major aspects of the vowels, i.e., the place and the height
specifications. I examine place first, assuming height features as proposed for the moment.

For better illustration, I start with the vowel /a/ for this language. This is because the
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distribution of this vowel provides crucial evidence for the place specifications of the other

two vowels /Ef and /O/.

4.1.3 Place features

4.1.3.1 /a/ --> [e], [o], [¥], [3]
The vowel /a/ has four surface variants occurring in complementary environments. [e]
occurs when next to the glide [j]. [o] occurs when next to the glide [w]. [¥] occurs in an

open syllable but not following the glide [j]. [8] occurs elsewhere. I present each of the

distributions below.
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(6) Variant [€]: next to glide [j]

/aE/
P | rej
p_|pe
m [ mej
f fe
t
t
n | ne
1 ley
%] sej
ts’
s
2
oy
g
3
k kej
g
1
x | xej | xVej | & | Ve
0 wej i ye

systematic gaps

As suggested in the table in (6), the surface vowel [e] is always found next to the glide (j]-
In other words the appearance of [e] is conditioned by the existence of [j]. I propose that
[e] is a result of place assimilation of /a/ to the neighboring /E/. I have shown similar

assimilation processes in section 3.1.1 of Chapter 3 for Wuhan. I do not repeat them here.

The fact that the vowel /E/ (glide [j] when syllabified in the non-nucleus) affects the
neighbouring /3/ in spreading its place feature suggests that the place feature Coronal is

active in Chengde and so is present underlyingly.
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A comment is required on /uia/ in the above table. This sequence surfaces as [Ye]. For
instance, /nOE3s/ -> [nYe]. I will show in a moment that the vowel /O/ is specified with the
feature Labial underlyingly. Thus in /nuia/, there are two vowels, /E/ and /O/, both
specified with a place feature. However, /E/ spreads the place feature Coronali to /a/. /O/
does not spread the place feature Labial to /a/ causing it to be rounded as [0]. I propose that
this is accounted for by ordering the rule of Coronal spreading before the rule of Labial
spreading. That is to say, in the case /nuia/ surfacing as [nUe], the application of Coronal
spreading onto /o/ applies first and thus blocks the application of Labial spreading onto /a/.

Notice in table (6) the sequence /uai/ surfaces as [Vej]. That is, /a/ assimilates in place to
/E/, not to /O/. I have discussed in section 3.1.1 that this is because /a/ c-commands /E/,
not /O/, and the target must c-command the trigger in order for assimilation to occur in

Mandarin.
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k3

(7) Variant [o]: next to glide [

RY/
P
p9
m | mow
f fow
t tow | dJow | tVo
t row tV’o
n nlow | n¥o
1 low | Jow | Vo
1~}
g
s
L]
Q’
]
¢
) 4
©
]
X
-0

systematic gaps

This table is a mirror image of table (6). The surface form [o] is found only when next to
the glide [w]. In other words the appearance of [o] is conditioned by a neighbouring [w].
propose the form [0] is a result of place assimilation of /a/ to the glide [w]. I take [tow]

(“steal”) and [kWo] (“pot”) as examples and show the processes.
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(8) /0 —> [tow] (“steal”)

(a) Underlying
t e 0
Rt Rt Rt
I I I
C-P! V-P1 V-P1
I l
Coronal Labial

(b) /O/ spreading feature Labial onto /2/

t a o
Rt Rt Rt

| I |
C-P1 V-P1 V-P1

I Tl
Coronal Labial

(c) Surface: [tow] (“steal™)

In (8b) the feature Labial on /O/ spreads regressively onto /a/, resulting in the surface form

[tow].

(9) /kOs/ --> [kWo] (“pot™)

(a) Underlying /kOs/
k 0] )
Rt Rt Rt
! [ [
C-pPl V-Pl V-Pl
I I
Dorsal Labial
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(b) After syllabification

o
t//\. .
;Elcus
3
t

KO
CPT
“Pl
N\ -Pl
/ V-Pl
Dorsal bial
(c) Spreading of Labial
G
Onset Rime
Nuycleus
kO

Q__w
:g re
S wo

-P1
/ -
Dorsal bial
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(d) Open syllable vowel lengthening

(o}
//\
Onset Rime
PN
Nucleus Coﬂz
kO =) o
Rt Rt
CI-PI Vl
//\ -P1
/ V-PI
Dorsal Labial

(e) Surface form: (kWo] (“pot”)

In (9¢) the feature Labial on /O/ spreads progressively onto /a/. In (9d) /a/ is lengthened to
take both slots of the rime (I do not show this in the phonetic transcription). Hence the

surface form [kWo].

The fact that the vowel /O/ affects the neighbouring /a/ in spreading its place feature

suggests that the place feature Labial is active in Chengde and so is present underlyingly on

/0/.
Notice in the above table the sequence /isu/ surfaces as (ow]. That is, /a/ assimilates in

place to /O/, not to /E/. [ have discussed in section 3.1.1 that this is because /o/ c-

commands /O/, not /E/, and the target should c-command the trigger in Mandarin.
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(10) Variant [¥]: in an open syllable but not following glide [j] or [w]
e/
pY
p’®
my
f¥

'y

1y
Y
s’y
Y
3%
8’y
Y
¥
k¥
k’y
¥
Xy

O!Na Alxtuafdlala (@] —s]|~d-|~{glclo

The surface form [¥], the third variant of /a/, is found in an open syilable, preceded by a
consonant. [¥] can be viewed as a lengthened version of /8/. I have discussed in Chapter 3
that the lengthening of /a/ to [¥] is driven by requirements of syllable structure in Mandarin.
That is, bimoraicity is required on the surface, and /a/, being the only segment in the rime,

is lengthened to occupy the two timing slots of the rime.

The fourth variant of /3/ is [3].
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(11) Variant {3]: elsewhere

on/ | /oy T /Ean/
P }panj p3y | plan
P |psn|pay| plsn
m |man | may | mian
f fon | fay
t tay
v t'sy d’an | tV’an | t¥’ay
n nay nJag { nVan | nVap
i 18y | Von | Doy | IVan | 1Van
s ]| son | way sVan | 8Vay
ts’ ts’ap ts¥’an | sV’
s say s¥an | sVay
¥ | wen| way $Von | §Vay
¥ |w'sn|w'ep 3¥’an [ 13V ap
§ ]sen | 3oy $¥en
# |#%n | %y gVen | 3Vap
XK |ken| kay | %an | %3 | kWan | kVan
k' Jk’an| k'ay]| ®’an | ®’apg | kW’'an | kV’an| ®W’an | sW’ay
§ | Ien
x |xan| xap | eon ) | xVon | xVon | ¢Wen | ¢Wan
0 jon | jay wan | wap | yen Yoy

[8] occurs in environments other than those for the other three variants [¢], [0], and [¥]. In
the above table, /3/ is followed by a nasal segment in the coda, [n] or [g]. /3/ does not
assimilate to the nasal, since /a/ only assimilates to a vowel, not to a consonant, or a C-
place. Recall that this is also true for Wuhan and Linfen. Further, in the above table, when
/a/ is preceded by a glide [j] ~ [w] and followed by a nasal, it does not assimilate to the
preceding glide, as it does in other environments such as /Es/, /Oa/, /oE/, and /0 0/. I have
discussed similar phenomena for Wuhan and Linfen in Chapter 3. That is, the target has to

c-command the trigger. In these cases /a/ does not c-command the preceding (j] ~ [w] and

so does not assimilate to [j] ~ [w].
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I summarize the discussion of the vowel /a/. This vowel has four surface variants occurring
in complementary distribution, [e], [0], [¥], and [a]. The fact that /a/ assimilates to /E/ and
/O/ in place suggests that the place features on these two segments, Coronal and Labial
respectively, are active in the phonology and should be both specified underlyingly.
Further, /a/ only assimilates to the segment structurally closest to itself, if that segment is a

possible trigger.

4.1.3.2 /E/ --> [1], [Iv], [i]

The second vowel, /E/, has three surface variants in complementary environments. The
form [1] is found only in the nucleus and following a dental consonant. [\] is found only in
the nucleus and following a retroflex consonant. The form [i] is found in environments

other than these. I show the distributions below.
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(12) Where [1] is found in Chengde: in the nucleus of an open syllable and following a
dental

/E/

K ~|=|d~] |3 [C)v

51
ts’1
s1

ol

winlwi@lalula

olx.b?{

The distribution of the surface vowel [1] is very limited. It only occurs in the nuclear

position of an open syllable AND following a dental consonant.
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(14) [i] is found in the nucleus in Chengde
fE/
2
p|pt
m| m
f
t 1]
t] 1
alm
1] 1
v
ts’
s
g
w,
3
$
k] %
k[ %
]
x | ¢
01 1

When (i] occurs in the nucleus, it follows a labial, coronal, or a dorsal consonant, and is in
complementary distribution with the other two vowels [1] and [1]. I have shown in Chapter
3 the process of /E/ assimilating to the place feature of a preceding dental or retroflex
consonant (see sections 3.1.3.1 and 3.2.3.1). The process is not repeated. The surface
vowel [i] is found not only in the nucleus, but also in the coda and the onset. I show the

distributions.
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(15) [i] appears in the coda in Chengde

foE/
D] pe
P ]Ppe
m | mej
] fe
t
t va) | (Vej
n|] ne | na
1] lg laj
u Gej 83j gvej
ts’ 15°a) | 1sV'¢j
s 33) | sVej | sVaj
L] %3 | Ve [ wVaj
¥ ¥ | gVej | 9V'a
3 38 | sVej | sVaj
¥ Ve
k| ke kg | xVej | kVaj
k’ K'aj | kV'¢j | kV’aj
] 1 m
x| xeJ | x3 | xVej [ xVaj
0 aj wej waj

systematic gaps
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(16) [i] appears in the onset in Chengde

JEa/ | /Ea/ [/EaO/ | /EaQ/ ] /Ean/ | /Ean/ | /Eax/ | /Eary
P | pe plaw | plen | plan | play
p'] pe p’aw | p’an | p’an | pi’an
m | mle mlaw | mlen | mian | mlay
f
t] de tow | Yaw dan | day
U] de ’aw v’an | 0’sn
n | ne now | Naw nlan | nJay | nan
1] e Jow | Jaw | Don | Dan | Doy | 1
s
%
s
K
ox
¢
¢
k] %e $a | Yow | vaw | ®on | ®an | %3y | %ap
K'] we | ®a |gow]®'aw | w'an | ®'an | ®'ap | ®'ap
1
(x| ee | ¢a | gow ]| eaw | con | can | cop
0] e j1a | jow | jaw | jen | jan | joy | j

Since the three vowels (1], [v], and [i] are in complementary distribution and [i] is the most
widely distributed, I treat them as allophones of underlying vowel /E/. When I discussed
the vowel /a/, I showed that the vowel [i] causes the central /a/ to surface as the front vowel

[e], suggesting that the place feature on [i] is active in the phonology and thus is present

underlyingly.

In section 3.2 of Chapter 3 I argued for Linfen that support for the presence of the feature
Coronal on /E/ comes not only from the distributional patterns of /E/, but also from
diminutive r-suffixation in the language. The r-suffixation patterns in Chengde are similar

to those in Linfen. That is, /E/ patterns in the same way as /n/ (specified with place feature

systematic gaps
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Coronal) in that both resist being adjacent to another coronal segment /r/. This suggests that
the place feature Coronal must be present underlyingly on /E/. I do not give details here; see

Chapter 3, section 3.2.3.3 for discussion.

4.1.3.3 /O/ --> [u]

The surface form [u] is distributed in the following ways.

(17) [u] is found in the nucleus in Chengde

of s W_:s'ﬂ-urﬁ:rd wjBla]l =] ~l~|3P)v
7]
=

When appearing in the nucleus, [u] follows all types of consonants. Recall that in Wuhan,
the appearance of [u] in the nucleus is conditioned by the preceding consonant and is a
result of place assimilation to labial or dorsal consonants. Chengde is different in this
respect from Wuhan but similar to Linfen, i.e., [u] in the nucleus is freely distributed. {u]

is also found in the coda and the onset.
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(18) [u] is found in the coda in Chengde

RO/ | /a0f [/EsQ/] /Ea
P paw plaw
P’ paw pl’aw
m | mow | maw mlaw
f | fow
t | tow | aw | Jow | Yaw
t' | tow | t'aw U’aw
n naw | nlow | nNaw
I ]| low | law | Dow | Daw
8 | Sow | Waw [
ts’ fts’ow | ts'aw
s | sow | saw
3 | gow | gaw
¥ |gow]|@aw
3 | sow | saw
% | 30w | 3aw
kX | kow | kaw | wow | paw
k’ | k’ow | kK’aw | ®'ow | ¥ aw
5 | yow | paw
x | xow | xaw | gow | gaw
0] ow jow | jaw

systematic gaps
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(19) [u] is found in the onset in Chengde

/Oa/ | /Oa/ | /ORE/ | /OaE/ | /Osn/ | /08 fOary | /
m
{ S S o
t § Vo tVej tVon | tVapy | tVan
t|vo Ve tV’an | tV’eon | tV’an
n | nVo nVan | n¥ay | nVan
'] Vo [Van | IVan | IVan
8 | sVo uwVej 3Van | sVop | wVan
ts’ [tsVo tsV’ej tsV’an { tsV’an| tsV’an
3 | sVo sVej | sVaj | sVon | sVap | sVan
U uVo | wVa| yV¥ej | $Vaj | $¥on | §¥ap | ¢Van | §Vay
¥ Vo §V'ej [ 9V'aj| y¥’on [tV an| gV an [ ¢V ap
8 J3Vo | sV¥al gVej | s¥aj | g¥on $Van | 3Van
% |3V #Vej #Von | g¥ap | 3Van
K|xVo | k¥a | k¥ej | kVaj | k¥on | kVap | kVan | kVay
K" 1kV'o| k¥a| kVej | k¥’aj | kW’an | kV’an| k¥’an | k¥ ay
1
X I xVo | xVa | xVej | xVaj | xVan | xVap | x¥an | xVay
0| wo | wa wej waj wan | wap | wan | wap

systematic gaps

I showed in my discussion of the vowel /a/ that the vowel [u] causes the central /3/ to
surface as a round vowel [0], suggesting that the place feature on [u] is active in the
phonology and thus is present underlyingly. So the vowel /O/ is specified with a place
feature Labial.

4.1.3.4 /a/--> [a]
The fourth and last vowel is /a/, which surfaces as [a].
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(20) Distribution of [a] (t0 be continued)

/Al | faE/ | O/ | /an/ | /ay/ | /Ea/ | /EaQ/
P | pa | pa | paw | pan | pay plaw | plan
P’y pa ] pa |paw|pan] pay ’aw | p)’an
m| ma | ma | maw | man | may mlaw | mJan
f] fa fan | fay
t g | taw | tan | tay daw | dan
t] ta | tay |taw | t'an | t'ay v’aw | ¥’an
n| na | na | naw | nan | nay nlaw | van | nay
1] A | lg | law | lan | lap Daw | Dan | D
s | sa | ua | saw | San | tsap
ts’ | ts’a | ts’a) | ts’aw | ts’an | s’
s | sa | say | saw | san
$| wa | va | gaw | @an
¥ | va | wa [@aw]§an
$| sa | ¢y [ saw | gan
¥ saw | gan
k| ka kaj | kaw | kan | kan | %®a | waw | %an | %ap
k'] ka | k’aj [ kK’'aw| k’an | kK’an | ®'a | %’aw | %’an | %’ap
) 13 | paw | nan
X} xa | xaj | xaw | xan | xap | ¢a | gaw | gan | gap
0] a 3 an | ja | jaw | jan | jap

systematic gaps

147



(21) Distribution of [a]

P

m

f

t

[’

n

|

s

[S’

3 sVaj | sVan

W lwVa| gVaj | yVan | gVapy
v §V'aj | y¥an | §V’an
3 | g¥a | sVaj | g¥an | gVap
¥ #Van

kK| kVa | kVaj | xVan | kVan
K'| kVa]| kV’aj | k¥’an | kV’ay
3

X | xVa | xVaj | x¥an | xVap
0f wa | wa wan wan

systematic gaps

The distribution of the low vowel [a] is consistent throughout the Mandarin languages. As

a central vowel, [a] never assimilates to other place features, either V-place or a C-place.

To summarize the discussion of place feature specifications of Chengde vowels, there is a
three-way place contrast in the system. The phonology of the language suggests that the
place features Coronal and Labial are active and so are specified on the front vowel /E/ and
the back vowel /O, respectively. The two central vowels are unspecified for place. Further,
the central vowel /s/ assimilates to the place of the other two vowels /E/ and /O/, providing

evidence that the place features of the two vowels are active in the phonology.
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4.1.4 Height features

Having discussed the place features, I turn to the other aspect of the feature specifications,
height features. Recall that there are four vowels in the present system. I have already
argued that two of them, the front vowel and the back vowel, should be specified with a
place feature since their place features are active in the phonology. Thus, these two vowels,
/E/ and /Q/, are distinguished from the rest of the vowels in the system. There are two
vowels left, /o/ and /a/, both being central. Following our theory of minimal contrasts,
these two vowels can be distinguished from each other, and from the rest of the system, by
introducing the height feature Low on /a/. This would result in the following scenario

regarding height, as shown below in structural representations.

(22) Proposed phonological height of vowels in Chengde

/E/ e/ e
Rt Rt Rt
N N N
V-Place Aperture V-Place Aperture V-Place  Aperture
[ I
Coronal Labial
1
Rt
N

V-Place Aperture

Since /E/ and /O/ are only specified for place and not for height, they aze actually equivalent
to the vowel /a/ in terms of height, i.e., with a bare Aperture node. In other words in

Chengde there is only a two-way height contrast.
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Now I show how the vowels above are realized on the surface in terms of height. In
particular, since the front vowel /E/ and the back vowel /O/ are unspecified for height

features owing to the lack of contrast, I show how these two vowels surface.

Following the discussion in Chapter 3, I assume that the front vowel /E/ and the back
vowel /Of surface through a default rule of High. I illustrate with examples how the two
vowels surface in Chengde. First I examine /E/.

The first example is /tsE/. /E/ appears in the nucleus.

(23) How /E/ surfaces as [1] after a dental consonant in Chengde

(a) Underlying /tsE/

ts E

Rt Rt
! TN

C-place V-place Aper
I I

Coronal Coronal
!

Dental
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(b) After syllabification

o
— T~
Onset Rime
| |
X X
I |
ts E
Rt Rt
! N
C-place V-place Aper
| {
Coronal Coronal
|
Dental
(c) Spreading
c
T~
Onset Rime
I |
X X
I |
ts E
Rt Rt
! N
C-place V-place Aper

Coronal Coronal
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(d) Default rule of High on /E/

]
/\
Onset Rime
| l
X X
[ l
ts E
Rt Rt
| N
C-place V-place Aper
l I ;
Coronal Coronal High
|
Dental
(e) Lengthening of /E/
c
T~
Onset Rime
! N
X X X
| (PP
ts E
Rt Rt
! N
C-place V-place Aper

| l |
Coronal Coronal High

I /
Dental

(f) Surface: [tsa] (“self”)

After spreading in (23c), in (23d) High is inserted on /E/. In (23¢) /E/ is lengthened to take
both slots of the rime. Hence the surface form [ts1].
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The second example is /faE/ (surface form [fej]). /E/ appears in the coda.

(24) How /faE/ surfaces as [fe]j] in Chengde

(a) Underlying
f ) E
cee Rt Rt
N
V-P! Aper V:Pl Aper
Corlnal
(b) Spreading from /E/ to /o/
f 3 E
. Rt Rt
N\
V-PI_Aper V-Pi Aper
) ~(for'onal
(c) Default High on /E/
f 9 E
Rt Rt

PR N
V-PI Aper V-Pl Aper

Coronal Hi'gh

(d) Surface form: [fej] (“fly”)

In (24b), Coronal is spread onto /3/. In (24c) the default rule of High applies to /E/, but not
to /o/. I have discussed in Chapter 3 that default High cannot apply to both vowels since
two surface high vowels are not allowed in Mandarin. Default High applies to the coda /E/
since the vowel in the coda position has to be a high vowel (glide) in Mandarin. Thus
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application of default rule High in the coda bleeds the application of the default rule in the

nucleus. Hence [pej].

The third example is /tEa/ (surface form (de]). /E/ appears in the onset position.

(25) How /tEa/ surfaces as [tie] in Chengde
(a) Underlying after syllabification

o
/ \ .
Onset Rime
Nucleus
X
It Rt
t 3
1 PN
C-P1 N
YAy V-Pl Aper
/ Vocalic

Coronal Aper  V-PI
I
Coronal
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(b) Spreading from /E/ to /a/

o

/\

Onset
Nucleus
X
Rt Tt
£ 3
N
C-Pl AN
s V-Pi Aper
/ Vocalic
/
Coronal Aper V-Pl -7
|
Coronal
(c) Default High on /E/
o
/- \
Onset
Nucleus
X
Rt IT
{E s
N
C-P1 e N
/T V-Pi Aper
/ Vocalic
/
: -~
High  Coronal
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(d) Lengthening of /o/

t Rime

-
——

i I

tE )

CI-Pl ) /\\

/T V-Pl Aper
/ Vocalic

/ N,
Coronal Aper V-PI -~

I I
High  Coronal

(e) Surface form: [rje] (“iron™)

In (25b) the feature Coronal is spread onto /3/. In (25c) High is inserted on /E/, which is in
the onset, but not on /a/, which is in the nucleus. The reason is similar as above. The
vowel in the onset position has to be a high vowel (glide) in Mandarin. Further, default
High cannot apply to both vowels since two consecutive surface high vowels are not
allowed in Mandarin. In (25d) /a/ is lengthened to take both slots of the rime to meet the
surface bimoraicity requirement of Mandarin. Hence [de].

Above I have shown with different examples how /E/ is realized on the surface in terms of

height. Next I show with examples how /O/ is realized on the surface in terms of height.

The first example is /mu/ (surface form [mu]). /O/ appears in the nucleus.
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(26) How /O/ surfaces as [u] in Chengde
(@) Underlying

c
T~
Onset Rime
| I
X X
| I
m 0]
Rt Rt
I N
C-place V-place Aper
I I
Labial Labial
(b) Default rule of High on /O/
G
T~
Onset Rime
I I
X X
| I
m 0
Rt Rt
! N
C-place V-place Aper
I I :
Labial Labial High
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(c) Lengthening of /O/

c
T
Onset Rime

' S
X X X

! I
m 0
Rt Rt

! N
C-place V-place Aper

| l ‘
Labial Labial High

(d) Surface: [mu] (“mother”)

In (26b) High is inserted on /Q/. In (26¢) /O/ is lengthened to take both slots of the rime.
Hence the surface form [mu].

The second example is /faQ/ (surface form [fow]). /O/ appears in the coda.

(27) How /faQ/ surfaces as [fow] in Chengde

(a) Underlying
f ) o
- Rt Rt
N
V-Pl Aper VJ-Pl Aperture
Labial
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(b) Spreading from /O/ to /o/
f 3 @)
. Rt Rt
PR N
V-Pl_ Aper VPl Aper

-
‘l:abLal

(c) Default High on /O/
f ? O
. Rt Rt

/\ /\
V-P1 Aper VPl Apcr
Labial High

(d) Surface form: [fow] (“‘deny™)

In (27b), Labial is spread onto /a/. In (27c) the default rule of High applies to /O/, but not

to /a/. The reason has been given above. Hence [fow].

The last example of /Of is /kOs/ (surface form [kWo]). /O/ appears in the onset.
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(28) How /kOe/ surfaces as [kWo] in Chengde
(a) Underlying

I I

0o a
"] Al
C-Pl
/T V-Pl Aper
/ Vocalic
/ /\
Dorsal Aper V-Pl
i
Labial
(b) Spreading from /O/ to /a/
(o)
/ \ .
Onset Rime
Nucleus
X
Tt Rt
o 3
j PN
/T V-Pl Aper
/ Vocalic

/TN
Dorsal  Aper VBl -~

I -
7’
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(c) Default High on /O/

/ \

t Rime

O 9
3 P
| / A
V-P1 Aper
/ Vocalic
Dorsal Aper V-Pl ~
: I

High Labial

(d) Lengthening of /o/

Onset Rime

-
-
-

Rt th

kO 9
PN
C-P1 e N
s V-Pl Aper
/ Vocalic
/ N
Dorsal Aper V-PI ~
[ I
High Labial
(e) Surface form: {kWo] (“rich’)
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In (28b) the feature Labial is spread onto /3/. In (28¢) High is inserted on /O/, which is in
the onset, but not on /a/, which is in the nucleus. The reason is similar as discussed above.

In (28d) /a/ is lengthened to take both slots of the rime. Hence (k%o].
To summarize, I have shown in detail how the two non-low vowels /E/ and /O/ are realized
as high vowels on the surface while the third non-low vowel [a] is realized as a mid vowel.

Below is a summary of the feature specifications of the four vowels in Chengde.

(29) Feature specifications of the four vowels in Chengde

[E/ R/ 0
Rt Rt Rt
RN PN PN
V-Place Aperture V-Place Aperture V-Place  Aperture
| |
Coronal Labial
fal
Rt
VRN

V-Place Aperture
I

Low

Chengde presents strong confirmation for the contrastive specification approach outlined in
Chapter 2. Given that there are three phonological vowels at one height, this theory predicts
that two of the three vowels, /E/ and /O/, would be active with respect to place of

articulation phonology. This prediction is borne out in that both the surface vowel [i] (from
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/E/) and the surface vowel [u] (from /O/) are an assimilation trigger in the language (see

section 4.1.3.1).

4.2 Harbin

The second type of four-vowel inventory I examine in this chapter includes languages such
as Harbin, Qigihar, Heihe, Jiamusi, Baicheng, Changchun, Tonghua, Shenyang, Chifeng,
Linhe, Taiyuan, Dalian. I take Harbin as an example. Data in Harbin come from Chen and
Li 1996.

4.2.1 Consonants

First I introduce the consonant system of Harbin. (31) is the surface consonant inventory.

(30) Surface consonant inventory of Harbin
Labial [ Alveolar [ Dental | Retroflex | Palatal | Velar

Stops and | -asp p t ts ts L3 k
affricates |+asp |Ip’ r ts’ ts’ % k’
Fricatives If, v S L8 ¢ X
Sonorants I m n,l )

This inventory is very close to the one in Chengde. There are six types of place of
articulation, including both dentals and retroflexes. There are only a few minor differences,
such as the contrast between voiced vs. voiceless labial fricative ([f] vs. [v]), which exists

in Harbin but not in Chengde.

Assuming that surface palatals in the above table are not underlying consonants but surface
realizations of palatalized velars, I propose the following phonological consonant inventory
of Harbin.
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(31) Phonological inventory

Labial | Alveolar | Dental [ Retroflex | Velar

Stopsand |{-asp |Ip t ts ts k
affricates |+asp |[|p’ v ts’ ts’ k’
Fricatives f, v s 5 X
Sonorants m n,l 3 N

The place feature specifications of each type of consonant above have been discussed in

Chapter 2 and are not repeated. Next I examine the vowel system.

4.2.2 Vowel inventory: phonetic

First I present the surface vowel inventory of Harbin.

(32) Surface vowel inventory of Harbin

Fro& Central Back
Unrounded Rounded Unrounded | Unrounded Rounded
High 1 i 1 1 u
Mid e ¥ (tense)
3 (lax)
Low a

The above inventory differs from Chengde (see table 3) in that the back rounded vowel [0}
is not found in the Harbin inventory. This results from the different distributional patterns
of the vowels in the two languages, as | examine next.

I propose that the vowels in the above table are derived from the following four vowels.

(33) Proposed phonological vowel inventory

i

E 9

a
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Further the distribution of each of the four vowels is given below.

(34) Distribudon of the four vowels in Harbin

[E/ --> 1] after a dental consonant in the nucleus
4] after a retroflex consonant in the nucleus
[i] elsewhere

/A --> [u] by default

fal--> [e] following or preceding glide [j]
[¥] in open syllable but not following glide (j]
[8] elsewhere

/al --> [a]

That is, /E/ surfaces as [1] after a dental consonant, as [1] after a retroflex consonant, and as
[i] elsewhere. This pattern resembiles all the other Mandarin languages. The vowel 4/ is
placeless and surfaces as [u] by the default rule of labial insertion, as in Linfen (section
3.2.3.2). I will show in section 4.2.3 why the vowel // lacks place specification
underlyingly and requires a default rule providing a specified place of articulation for it to
surface. The vowel /o/ has three different variants depending on the environments. [e]
occurs either following or preceding glide [j]. [¥] occurs in open syllable but not following
glide [j]. [a] occurs in environments other than those. Notice that unlike Chengde, /3/ does
not have a fourth variant [0]. I will address this difference in section 4.2.3.1. Finally the

vowel /a/ surfaces as [a] as in all other Mandarin languages.

Next I examine the distribution of each vowel, with a focus on the feature specifications
each vowel carries. I examine the place features first. I assume height features represented
as in (33), with A/ being high, /E/ and /a/ being mid, and /a/ being low. Further I assume

the following place feature specifications in structural representations.
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(35) place feature specifications of the four vowels in Harbin

fE/ T
Rt Rt

[ |
V-Place V-Place

I
Coronal

As for Chengde, I first discuss the vowel /a/, since the place feature specifications of two

other vowels, /E/ and /#/, depend on the behavior of this vowel.

4.2.3 Place features

4.2.3.1 /8/ --> [e], [¥], [0]

The three surface variants of /a/ occur in complementary distribution, as presented below.
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Tlwo

"’.n'QNs

=

d“gﬁ-—

!

BB E

~.
~
=
o
€
o)
)
[¢]
124
g
(¢ ]

Ol ¥l
>
&
"e
L.
€)
4
[¢°]

je e

systematic gaps

The surface form [e] is found only next to the glide [j]. In other words the existence of [e]
is conditioned by the appearance [j]. This can be viewed as a result of assimilation between
the two segments. More specifically the glide [j], a front vowel itself, causes [e] to be

fronted. I do not repeat the assimilation process.

I address the sequence AE9/ in the above table. I take [nYe] (underlyingly /niia/) as an

example to show the derivations of this sequence.

167



(37) How /niEa/ is realized as [nY] (ignoring height features)
(a) After syllabification

o
/\
set Rime
Nucleus
niE 2
R: Rt
[ |
C-P1 [
P NN V-PI
Vocalic Vocalic
| /\

Coronal Aper Aper V-Pl
I I
High Coronal

168



(b) Spreading Coronal onto /a/

c
/\
Onset Rime
Nucleus
ntE )
Rt Rt
| |
C-P! I
/ \ \ VY-Pl
Vocalic Vocalic
[ N S

Coronal  Aper Aper V-PI .
! |
High Coronal
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(c) Default Labial and Dorsal on A/ and default High on /E/

(4
/\
t e

Nucleus

niE ?

Rt Rt

[ |

C-Pl1 |
e NN V-PI

Vocalic Vocalic /

NN N /
Coronal Aper V-PI V-PL Aper V-Pl /

I : |/
High Labial Dorsal High Coronal
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(d) Coalescence of A/ and /E/ and lengthening of /a/

o

/\ '
set Rime

/\
Nucleus jﬂa

ntE )

Rt Rt
I |

C-pP1 |

N V-Pl
Vocalic /

N /
Coronal Aper V-PI /

N/
High Labial Coronal

(e) Surface: [nYe] (“malaria”)
After spreading in (37b), in (37c) default rules of Labial and Dorsal apply to A/ and default
rule of High applies to /E/. In (37d) A/ and /E/ coalesce as [ii] ([x] as a glide), and /o/ is

lengthened to take both slots of the rime. Hence [n%].

The second surface variant of /a/ is [¥]. Its distribution is given below.
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(38) Where [¥] is found in Harbin: in open syllable but not following glide [j]

sl ] ~|<||8}e)e

@] «| & 2] —

-l

wlnwl]a

X

<
ol

systematic gaps

The surface form (¥] is found in an open syllable. This is not strange to us, as the same
pattern has been seen in the other languages discussed in this thesis. Recall that [¥] isa
result of lengthening /a/ on the surface, driven by the syllable structure requirement of
Mandarin languages in general. More specifically, /3/, the only segment in the rime (open
syllable), is lengthened so as to take up both slots of the rime. The process of lengthening
has been shown for the language Wuhan and is not repeated here.

In the above table the sequence /¥a/ surfaces as [V¥]. This can be compared with another

sequence that has been discussed, fia/, which surfaces as [Je] (see table 37). In both cases
/a/ is preceded by a glide. While glide [j] causes /3/ to be fronted on the surface as [e], glide
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{w] does not affect /a/ in this respect and /2/ is lengthened in the same way as in a /Ca/
sequence. This suggests that while the place feature on [j] is active in Harbin, the place
feature on [w] is not. This difference between [j] and [w] will be seen again next when I

examine the third variant of /a/.

The third variant of /a/ is [3]. The distribution is given below.

(39) Where [9] is found in Harbin: elsewhere

o/ [y | /faif | fien/ | foy/
P | pen |pan
p | p’an |p'ey
m [ men |may
f ] fen |foy
v va)
t] ®n [B) | ®W [Van [tVay
U] ten [ty | Uaw | Win [(Wigp
n | nen [nep | naw
I | len Jloy loaw |[|¥an
W [ Bon |Ba] | B5W |wVan | Vay
ts’ t5'3W 1 1sWian [ 1sW°ap
s | sen [say | 33w [sVan |sVay
W] Won |§9) | W8W |uVon |wVay
¥ [w'an|wan| ¥ow [9Van [V ap
¢ | en [0y | oW
7 | %0 |1 | BW
k| kan |kay | kew | kVWopn | xVsp | %W | %en | %3] | Wan | sWap
K [Ken [Kan | KaW | kWiap | kW'ay |$9W | ®on | 90 [ §%an | &Y op
3 | ®n W
[ [ xen [ %39 | XaW | xVan | xVay [FeW | @n | @9 | g¥en | ¢¥ep
0 wan | wan |ijew jan | jey yon s

systematic gaps

The surface form [2] is found in environments other than those for [e] and [¥]. That is, [3]

is found in a closed syllable, followed by either a nasal, [n] or [g], or glide [w]. In such an
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environment, /3/ is not lengthened (unlike [¥]), since it occurs in a closed syllable and both
positions of the rime are occupied, nor does /a/ assimilate to a neighbouring segment,
though for different reasons. When the neighbouring segment is a nasal, /3/ fails to

assimilate since it only assimilates to a vowel, not a consonant, as has already been

discussed.

When the neighbouring segment is [w], /a/ does not assimilate either. For instance, in the
sequence /ow/, no assimilation happens. The sequence surfaces as [aw]. This can be
compared with the sequence /3j/. When /a/ is followed by glide [j], [j] causes /a/ to be
fronted as [e], giving [ej] (see table 36). This indicates that the place feature on [j] is active
in Harbin whereas the place feature on [w] is inert. Recall that above I have mentioned a
parallel situation. When /a/ is preceded by glide [j] or {[w], it becomes fronted because of (j]
but not rounded because of [w]. Hence the surface sequences [je] vs. [Wa]. Based on these
differences between [j] and [w] in their ability to affect a neighbouring /a/, I conclude that
the place feature Coronal is underlyingly present on [j] whereas the place feature Labial is

underlyingly absent on (w].

Another point I address in (39) is sequences such as [iaw], [jan], and [jalj]. Recall that in
Mandarin the target of spreading must c-command the trigger. There are two potential
triggers both c-commanding /a/ in these sequences. I have already discussed that the target
/a/ c-commands either a nasal or a glide [w] in these cases. We know that /3/ does not
assimilate to a nasal (consonant), and glide {w] is unspecified for place feature

underlyingly. Hence no assimilation in these cases.
To summarize the discussions on /a/ in Harbin, this vowel surfaces as three variants

depending on the environment. /3/ assimilates in place to the glide [j] but not [w],

suggesting that the place feature Coronal is active and underlyingly present on [j] but the
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place feature Labial is inert and thus underlyingly absent on [w]. Further, there are two
assimilation constraints on /a/, which are identical to the constraints required in the other

three Mandarin languages Wuhan, Linfen, and Chengde.

4.2.3.2 /E/ --> [1], ], [i]
The vowel /E/ surfaces as [1] after a dental consonant, as [1] after a retroflex consonant, and
as [i] elsewhere. This pattern has been seen repeatedly in the other three languages that

have been examined. I show the distributions of each variant in Harbin.

(40) Where (1] is found in Harbin: in the nucleus after a dental consonant
/E/

51
ts’1
s1

anawrﬂmﬁauﬁ_a —| =] ~l<| =18l

The form [1] is only found in the nucleus and following a dental consonant.
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(41) Where [1] is found in Harbin: in the nucleus after a retroflex consonant

(74 —l S~ S "\Bhv.d

)

wlwmdElglu|a
1Ty
>

o!x.uﬁ;

The form [1] is only found in the nucleus following a retroflex consonant. The two forms

[1] and [1] form a complementary distribution with the third vowel [i], as shown below.
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(42) [i] appears in the nucleus in Harbin

/E/
Pl pi
plpi
m m
f
v
t| d
t ] t1
nl m
T &
ts
ts’
3
3
o)
g
3
kK[ %
K] %1
0
x 1 ¢l
0] 1|

When [i] appears in the nucleus, it follows consonants other than dentals or retroflexes. [i]

also appears in the coda and onset, as shown in the following two tables.
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(43) [i] appears in the coda in Harbin

RE/ | /ab/ | AoE/ | AaE/
] Pa,
P pa
m ma
f T
v val
t tej taj
t] te t'aj
n naj
| laj
8| e B3 | wVej
ts’] ts’e 15°8) | sW'ej
3] 3¢ 33 | sVej
vl we %9 [ wVej | wVaj
Wl we | ¥y | wVej [ w5
$] sa | 54 | gVej | Vi
3|l ™ Vej
k] ke kaj | xVej | kxVaj
k'] K'ej | Ka | gWej | kWaj
!
x| xe X3 | gVej | xVaj
0 aj

systematic gaps
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(44) [i] appears in the onset in Harbin

JEa/ | JEs] | /Eai] | /Ea¥ | JEan/ | /Ee/ | /Eay | /Eay/ ]
P ple |plaw plan |plan play
P pl’e | plaw ’an | pJ’an pl’an
m mle |mlaw mlan | mlan mley
f
v
t de |daw [dow [dan Yan
r Ve {Jaw V’an ’an
n nle now |nlan |nlon |nlap |nlep
1 Jva Je |Uaw |Uow [lUan |Usn |Day |Usp
]
=
s
L
ki
]
¥
kK {%a e |%aw |wew | %an gan %o
k’|%’a p'e [%aw [¥’aw |[%’an | ®’an [%B’an | %9y
q
X ¢C jgaw |6AW |Gan gon | gan #3]
0 ]ja je liaw |jaw |jan jan |jay | jay

systematic gaps

Based on the complementary distribution of the three surface vowels [1], [\], and [i], I
propose that they form one phoneme /E/ (given that [i] is the form with the widest
distribution). The two variants [1] and [%] are derived through place assimilation to the
preceding consonant, as I have shown for the other three languages. I do not repeat the
process here. The vowel /E/ is specified with a place feature Coronal, as we saw earlier that
the place feature on /E/ is active in the phonology in that /E/ causes a neighbouring /3/ to be

fronted on the surface.

That the feature Coronal is present on /E/ underlyingly is supported not only by the
distributional patterns of /E/, but also by the diminutive r-suffixation in the language. The r-
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suffixation patterns in Harbin are similar to Linfen and Chengde. That is, /E/ patterns in the
same way as /n/ (specified with place feature Coronal) in that both resist being adjacent to
another coronal segment /r/. This suggests that the place feature Coronal must be present

underlyingly on /E/. I have presented the details for Linfen (section 3.2.3.3 of Chapter 3)

and do not repeat them here.
4.2.3.3 /A/ --> [u]

The third phonological vowel I propose for Harbin is A/, which relates to the surface form
[u]. I show the distribution of [u] in (45).
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(45) Distribution of [u]

a) [u] in b) [u] in the Onset c) [u] in the Coda
Nucleus

A | Aal | Ae/ | AaE/ | AeE/ | Aa/ | Aen/ fio fe¥/ | /Esi/ | [Eaif
p|pu plaw
plpuf ‘aw
mymup mlaw
f]n
v|vu .
tqw Yy tVej |tVan |tVan tVon | W |dow |daw
U]t W'y t“ej |tWan | tW'an Wap | tow t’aw
1| nu nVy W Inlow
'] lu Vv 1Van law |Usw [Daw
Wlsu [15Va [sVy uVej {8Van |sVan shiay
ts'fts’u tsW'y tsW’ej { tsW’an) tsW’an
3|su|sVa |sVy sVej |sVan [sVan
BI®Y [1sVa |uVy |wVaj [sVej |$Van |[gVon
§'[Qu wV'v|5Vaj [ 9V’ [ gV’an| 9V ’n
3P |sVa |gV% [3Vaj [sVej |gVan
Fl# gv¥ej |sVan
k1ku [kWa |kVy |k¥aj |kVej |kVan | XVon |kVan | kVay | kow | ®ow |waw
Klku | kWa [kW'y [kWaj [kWej |k"'an | k"’on | kW’an | kWan | K'aW [ ®'aw | ®’aw
] W
X xu [xVa |xVy [xVaj |xVej |[x¥an | xVon [xVan | xVopn | XaW | W |gaw
[0 wan wan Jow |jaw

systematic gaps

The vowel [u] appears in the nucleus, the onset, and the coda. As I have discussed above,

unlike the other vowel [i], [u] does not affect the place feature of a neighbouring schwa

(see sequences [Va], [aw], [jaw]). Given that the place feature of [u] is inert in the

language, I propose that [u] is underlyingly unspecified for a place feature, which is

equivalent to /4/. A/ surfaces by a default rule of Labial insertion.

4.2.3.4 /a/ --> [a]

Lastly is the vowel /a/, which always surfaces as [a].
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(46) Distribution of [a] (to be continued)
T -

/aE/ fa/ | Jan/ | Jayy | /Eal | /Eai] | [Ean/
P |rajfry paw |pan | pay pau | plan
P’ |p'ajpay |paw|pan | p'ap plau [p)’an
m | ma|ma | maw [man | map mlau | mlan
fl1a fan fay
v | va |va van van
t W | taw [an | ty Jau_ | %an
t' | ta|ta t'aw |t'an
n | na |naj naw |nan
1] 1a [lay law | lan
ts | ma |13 waw | san
ts’ ts’aj |ts’aw | ts’an
3 33) saw |san
S 18a Qajr 3aw_ | Ban
5 Ba] §'aw |§an
s 33 Jaw_ |gan
é gaw | gan
k Jka |ka kaw | kan
kK’ fk’a | K’a k’aw | k’'an | k’ap |[¥’a |[%’au [®'an |%®’ap
J
x |xa [xa xaw | xan | xan gau |gan |egan
0 |]a aj aw an ag |ja au jan jan

systematic gaps
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(46) Distribution of [a] (continued)

m
f

v

t

3 t“’an
n

1

B jusVa s ¥Van
ts’ tsW’an
3 |sVa sVan
¥ IuVa |sVaj [wVan
K 9 V’aj| wV’an
¥ [sVa |sVaj |sVan
s 3van
K IxVa |xVaj [kVan
k' 1k%"a [k"aj | k™’an
!
| X J]xVa |xVaj {xVan
0

systematic gaps

The low central vowel /a/ in Harbin patterns in the same way as /a/ in the other three

languages.

To summarize, I have examined the place feature specifications of the four proposed
vowels, based on both the distributional patterns and the phonological behavior of the
surface vowels in the language. The place feature of the front vowel /E/, like all three other
Mandarin languages I have examined, is active and so is present underlyingly. The other
three vowels are unspecified for place, among which the vowel 4/ is unspecified for place

as shown by the inertness of the place feature.
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4.2.4 Height features
I propose the following height specifications for the 4 vowels in Harbin.

(47) Vowel inventory of Harbin

That is, a three-way height contrast is found for central vowels. Thus two height features
are required to distinguish between them. Low is marked on /a/ and High is marked on A/.
fa/ is unspecified for both height and place. The fourth vowel /E/ is the only front vowel in
the system. Since /E/ does not contrast with any other segment in terms of height, it does
not have to be specified for a height feature. As we have seen, it is specified for the place
feature Coronal. This distinguishes /E/ from the other three vowels. Since /E/ is unspecified
for height owing to lack of contrast, it is equivalent to 2 mid vowel. /E/ surfaces through a
default rule of High insertion. I have shown similar details of height derivations of the front

vowel for Chengde and do not repeat them here.

I summarize the feature specifications of the four vowels in Harbin in structural

representations.
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(48) Structural representations of feature specifications of the four vowels in Harbin

A
Rt

V-Plac/e\ Aperture

PN PN
V-Place Aperture V-Place Aperture
I
Coronal

el
Rt

N
V-Place Aperture

Low

4.3 Conclusion

In this chapter I have introduced two types of four-vowel Mandarin inventories. In
particular the two inventories are similar in that there is a front vowel active in the
phonology that causes changes in the place of a neighboring schwa. However, the two
types differ in the behavior of the surface round vowel [u] in that this vowel is active in

Chengde but inert in Harbin.
The languages examined in this chapter include all four-vowel-inventory languages in Chen

and Li 1996. It is striking that no other four-vowel inventories are found. One could

imagine various types; a few are presented schematically here:
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(49)(a) Front Ceatral (b) Front Central

X X X X
X X
X X
(c) Front Central Back (d) Central Back
X X X
X X X X
X

Although these inventories are not found in Mandarin, it is not impossible that they could

be found in other languages.

The two types of four-vowel inventories found in Mandarin languages can be compared

with the two types of five-vowel inventories in Chapter 3. I lay out the similarities and

differences.

In all four types of languages, /a/ assimilates in place to an adjacent vowel. While this
vowel can be either [i] or [u} in Chengde, it can only be [i] in Wuhan, Linfen, and Harbin.
The assimilation of /a/ is the major evidence for place feature specfications in the four
languages. The assimilation of the central vowel /3/ can be compared with two other central

vowels, A/ and /a/. I summarize the patterns in the following table.
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(49) Assimilation patterns of the three central vowels in Mandarin languages: “yes” for

assimilation; “no” for no assimilation

Wuhan Linfen Chengde Harbin
A/ yes no vowel not present no
B/ yes yes yes yes
fal no no no no

The above table suggests that /a/ assimilates in all Mandarin languages under study; A/
assimilates, but only in one language, Wuhan, not in the other languages where it is
present. /a/ never assimilates in Mandarin languages. This pattern can be interpreted in
structural terms. As I proposed, /3/ is unspecified for any feature (see, for instance, the
representation in (48)). Thus /a/ is more ready (by being unspecified for feature) to take on
features from other segments, compared with A/ and /a/, which are specified with a height
feature. The inertness of the vowel /a/ is discussed by Wu 1994 in Beijing Mandarin. She
proposed that /a/ lacks a V-place node. Thus spreading of place feature nodes from other
segments is impossible with /a/ owing to the lack of a docking site. A different approach to
the pattern in (49) is to follow the idea of vowel dispersion. The low central /a/ is less likely
to assimilate than the mid central /a/, or the high central 4/, because /a/ is at a periphery of
the triangle already; the other vowels end up at the periphery of the triangle through

assimilation.

The four types of languages share some common constraints, as listed below. Constraint 1
is on the domain of spreading, i.e., the target of spreading must c-command the trigger (see
(40) of Chapter 3). Constraint 2 is on the locality of spreading, i.e., the trigger and target
must be adjacent to each other at the segmental level (see (17) of Chapter 3). Constraint 3 is
a structural constraint on the assimilation of /a/, i.e., /o/ in Mandarin only assimilates to a

vowel, not to a consonant (see (37) of Chapter 3). Constraint 4 is on the application of the
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default rule High, i.e., the default rule inserting High only applies to a nuclear vowel when
it is singly linked with a place feature (see (57) of Chapter 3). Constraint 5 is an OCP
constraint against complex segment *{pW], i.e., two Labial features within a segment are
not allowed in Mandarin by the OCP (see (11) of Chapter 3). Constraint 6 is a structural
complexity constraint, i.e., a consonant cannot have a secondary articulation if its place
feature has a dependent (see (13) and (70) of Chapter 3). This constraint rules out complex
segments such as *[tsl] and *[tg»j]. Constraint 7 is against two underlying identical vowel
sequences, i.e., *q/V1-V1/g (see (54) of Chapter 3). Constraint 8 is on vowel-vowel
sequence, i.e., two consecutive surface high vowels are not allowed in Mandarin (see (51)

of Chapter 3). These shared constraints are summarized in Appendix 1.

The languages examined in this chapter lend further support to the contrastive specification
approach pursued in this study. In Chengde, there are three phonological vowels at a
particular height (/E/, /3/, and /O/). The theory predicts that only two of them need to be
specified for place feature. This is born out by the phonology in the language in that the
two vowels specified for a place feature (/E/ and /O/) are both triggers of place assimilation.
In Harbin, there are two vowels at a particular height (/E/ and /a/). The theory predicts that
only one of them needs to be specified for place feature. This is again born out by the
phonology of the language in that only the vowel specified for a place feature (/E/) is a

trigger of place assimilation in the language.

This chapter completes my survey of Mandarin languages with four and five vowel
inventories. These are of limited configurations, as discussed in these two chapters. To my
knowledge, no Mandarin language has fewer than four vowels phonologically. For
instance, Qingdao has six vowels and Anqing seven. The maximum I have found is eight
(Yangzhou). These languages elaborate their inventories in expected ways. For instance,

they add vowels with specified place. They are less interesting, perhaps, phonologically
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because more features must be specified in order to capture the contrasts with the system.

Thus, I leave these for further study.
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Chapter 5 Theoretical issues

In this chapter I address some theoretical issues arising from the discussion in Chapters 3
and 4. In section 5.1 I discuss the issue of the procedure of feature specifications in vowel
inventories. In section 5.2 I discuss the issue of markedness revealed by the Mandarin

vocalic inventories examined in Chapters 3 and 4. In section 5.3 I conclude the chapter.

5.1 Procedure of feature specifications in vowel inventories

In Chapter 2 I discussed the two major factors that determine feature specifications,
namely, phonological processes in the language and contrasts in the system. I also showed
that specification of features involves orderings. In particular, for a vowel inventory, since
there are two aspects of vowel features, place and height, the ordering of these two
properties makes a crucial difference in the process of specification (see section 2.1.1 of
Chapter 2). In this section I show with the Mandarin languages presented in Chapters 3 and
4 how different orderings could yield different inventories. In particular, I compare the
results of the two different orderings, i.e., place-features-first vs. height-features-first, for
each type of inventory. Before I turn to the Mandarin languages, I give a brief review of the

literature.

5.1.1 Literature review

Walker 1993 proposes that there is a fixed feature hierarchy, or ordering, in the process of
specification of features. In particular, she argues that height features are specified prior to
place features. Within the height features, Walker further argues that Low is specified prior
to High (if High is necessary at all). Within place features, Labial is ordered prior to
Coronal (if Coronal is necessary at all) since Coronal is assumed to be universally less

marked than Labial. I take the following five-vowel inventory to illustrate her idea.
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(1) Hypothetical vowel inventory: Walker’s (1993) procedure of feature specifications

Step 1:
i u
€ o separate Low from non-Low
Low a
Step 2:
High 1 u among non-Low, separate High from non-High
e 0
Low a
Steps 3&4:
Labial
High i u among High, separate Labial from non-
Labial
e o  among non-Low non-High, separate Labial
from non-Labial
Low a

In each step the positive value of the feature is specified. In the first step, the feature Low is
specified on /a/, distinguishing /a/ from the rest of the system. In step 2, among non-low
vowels, the feature High is specified on /i/ and /u/, distinguishing these two vowels from /i/
and /o/. /i/ and /o/ are unspecified for height feature. In steps 3 and 4, the feature Labial is
specified on /u/ to distinguish /u/ from /i/ (both High), and the feature Labial is specified on
fo/ to distinguish /o/ from /e/ (both non-Low and non-High). In my terms, this inventory is
actually better thought of phonologically as in (2).
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(2) Phonological inventory [i, u, €, 0, a] in (1)

3 u
9 o
a

Zhang 1996 takes up the issue of ordering of feature specification, arguing that

specification of place features cannot be fixed universally. I take Written Manchu to

illustrate his idea.

(3) Vowel inventory in Written Manchu: (Zhang 1996)

Step 1:
i u
v separate Low from non-Low
]
Low a 2
Steps 2 and 3:
ATR i u among non-Low, distinguish by ATR
v
ATR » among Low, distinguish by ATR
Low a )
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Step 4 :

ATR i u
0
ATR o
Low a 9 among Low non-ATR, separate Labial from
non-Labial
Labial
Step 5:
Coronal
ATR 1 u among non-Low ATR, separate Coronal
from non-Coronal
0
ATR 3
Low a 2
Labial

In step 1, the feature Low is specified on /3/, /a/, and /o/, to distinguish these three vowels
from the rest of the system. In steps 2 and 3, among Low vowels, the feature ATR is
specified on // to distinguish /a/ from /a/ and /2/; among non-Low vowels, the feature
ATR is specified on /i/ and /u/ to distinguish them from /v/. In step 4, between the two Low
non-ATR vowels, the feature Labial is specified on /2/ to distinguish it from /a/. Labial is
specified since it triggers rounding harmony in the language. In step 5, among the two non-
Low ATR vowels, the feature Coronal is specified on the vowel /i/ to distinguish it from
/u/. Coronal is specified since it triggers palatalization in the language. Thus the place
features Coronal and Labial are ordered differently at different heights. Steps 4 and 5 can

be ordered in either way without creating different results.
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Having presented some of the literature regarding the ordering of feature specifications, I
now discuss the orderings with the Mandarin vowel inventories presented in Chapters 3
and 4. For each type of Mandarin language, I will compare the results from different
orderings and show the ordering of feature specification I propose for Mandarin languages.
I restrict myself to place before height and height before place and do not examine
specifications that would result from the intermingling of these features (e.g., I do not look

at the ordering like Coronal-Low-Labial-High or Coronal-Low-High-Labial).

5.1.2 Procedure of feature specifications in Mandarin languages
I start with the Chengde-type inventory, discussed in Chapter 4. Recall that there are 4
vowels in this language. Suppose we separate place features first. I show the relevant steps

involved in the process.?!

(4) Chengde: steps in place-feature-first specification
Step 1:
Coronal
i u

3 separate Coronal from non-Coronal

21Notice the symbols used are surface forms,
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Step 2:

Coronal Labial
i u
9 among non-Coronal, separate Labial from
non-Labial
a
Step 3:
Coronal Labial
i u
) among non-Coronal non-Labial, separate Low
from non-Low
Low a

Based on distribution and phonology (see Chapter 4), the Chengde underlying system
includes one front vowel, one back vowel, and two central vowels. In step 1, the front
vowel is distinguished from the non-front vowels and is assigned a place feature, Coronal.
In step 2, among the non-front vowels, the back vowel is distinguished from the non-back
vowels and is assigned a place feature, Labial. In step 3, the two non-front non-back
vowels are distinguished from each other, and from the rest of the system, in that the low
central vowel is specified with a height feature, Low, and the mid central vowel left
unspecified for height feature. Since the mid central vowel is unspecified for height,
phonologically it is at the same level of height as the front and the back vowels. In other

words, all three vowels are unspecified for height and so at the same height level.

Following are the results of feature specifications.
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(5) Feature specifications of vowel inventory in (10): place specification first then height

ification
/E/ R/ 1,0
Rt Rt Rt
PN N RN
V-Place Aperture V-Place Aperture V-Place Aperture
I |
Coronal Labial
faf
Rt
N

V-Place Aperture
I
Low

Notice above there are only two phonological heights, Low (1 vowel) and non-Low (3
vowels) (also argued for by Wu 1994 for Beijing Mandarin). I have shown in Chapter 4

how the three non-Low vowels surface in terms of height.

Next I examine the other alternative for the ordering of feature specifications in Chengde,

i.e., the height-feature-first. I show below the relevant steps in the process.
(6) Chengde: steps in height-feature-first specification

Step 1: i u

) separate Low from non-Low
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Step 2: High | u among non-Low, separate High from non-

- J— High
Low a
Step 3: High | u among High, which one do we choose?
—_—
Low a

In step 1 we distinguish the low vowel from the non-low vowels by assigning the low
vowel /a/ a height feature Low. In step 2, among non-low vowels, we further distinguish
high vowels from non-high vowels by assigning the two high vowels a height feature
High. The ordering of steps 1 and 2 is not important. That is, we can either separate the
feature Low first, or we can separate the feature High first. As I discussed in Chapter 4, no
phonology involving height features has been found in Chengde (or in the other Mandarin
languages under study). The specifications of height features above are determined by

contrasts.

We see from step 2 that there is only one Low vowel and one non-Low non-High vowel.
However, there are two High vowels. They need to be further distinguished from each
other. A place feature is required. Either the feature Coronal is specified on /i/, or the
feature Labial is specified on /u/, but not both. This is fine with a language in which only
one vowel, not both, is found to be active. However, a problem arises with a language in
which both vowels are found to be active. This is the situation with the Chengde-type

languages, as discussed in Chapter 4.

Recall that in Chengde, both the front vowel /E/ and the back vowel /O/ are active in the
phonology in that they both affect a neighboring schwa. More specifically, when /i/
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neighbors schwa, it causes schwa to be fronted to [e]. Similarly, when /u/ neighbors
schwa, it causes schwa to be rounded to [o]. Thus in this language the place features of

both vowels are active and should both be present underlyingly.

This assimilation pattern can be accommodated under the place-feature-first ordering, as
shown in (3). That is, the place features of the front and back vowels are active and so
must be present underlyingly, requiring two place features Coronal with /i/ and Labial with
/u/. The other two vowels in the system, /a/ and /a/, are central and are distinguished from

each other, and from the rest of the system, by the height feature Low.

I summarize the two different orderings of feature specifications with respect to the
Chengde-type inventory. The ordering of height-features-first is empirically inadequate. As
we see, if height features are specified prior to place features, three heights are defined,
which is based on the phonetic heights in the language given that there is no evidence to
suggest otherwise. With three heights, and further two vowels at the High level, a place
feature, and one ONLY, is needed in order to distinguish the two High vowels. However,
in Chengde and similar languages, both of the two vowels assigned High under height-
place specification are active in the phonology, triggering place assimilation of a
neighboring schwa. Thus both should be specified for a place feature. As we see, this
problem does not exist with the other ordering, i.e., place-first. For this reason, I propose
that for the Chengde type of Mandarin languages, place features should be specified prior

to height features.

Next I discuss a second type of Mandarin language, Harbin, with respect to the ordering of
vowel feature specifications. Recall from Chapter 4 that there are four underlying vowels in

the Harbin inventory. First I discuss the ordering of place-feature-first (as required in

Chengde). I show the steps involved in the process.

198



(7) Harbin: steps in place-feature-first specification

Step 1:
Coronal
i
E 3 separate Coronal from non-Coronal
a
Step 2:
Coronal
i
E |9 among non-Coronal, separate Low from non-Low
Low a
Step 3.
Coronal
High i
E 3 among non-Coronal non-Low, separate High from
non-High
Low a

In Chapter 4 I have shown, based on distribution and phonology, that there are three
central vowels and one front vowel in Harbin. In step 1, the front vowel is distinguished
from the other 3 vowels by being given the place feature Coronal. In steps 2 and 3, the
three central vowel are further distinguished in that /a/ is assigned the height feature Low,
A/ is assigned the height feature High, and /a/ is left unspecified. Again the ordering

between steps 2 and 3 is flexible. Following are the results of feature specification.
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(8) Feature specifications of Harbin vowel inventory: place specified first then height

A
Rt
N
V-Place Aperture
I
High
El e/
Rt Rt
N RN
V-Place Aperture V-Place Aperture
!
Coronal
fal
Rt
PN
V-Place Aperture
l
Low

Notice that the front vowel /E/ is specified with only a place feature. I discussed in Chapter
4 that this vowel surfaces as high through a default rule.

Next I show how vowel features are specified in Harbin with the ordering height-feature-

first.
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(9) Harbin: steps in height-feature-first specification

Step I:
i i
3 separate Low from non-Low
Low a
Step 2:
High i i among non-Low, separate High from non-High
C)
Low a
Step 3:
Coronal
High i i among High, separate Coronal from non-Coronal
3
Low a

In step 1, the low vowel /a/ is distinguished from the non-low vowels and is assigned the
height feature Low. [n step 2, among non-Low vowels, the high vowels /i/ and A/ are
distinguished from the non-low and non-high vowel /a/; the two high vowels are assigned
the height feature High. The ordering between steps 1 and 2 is flexible. In step 3, the two
High vowels need to be further distinguished from each other. I discussed in Chapter 4 that
the front vowel /i/ should be Speciﬁed with the place feature Coronal, based on its
distribution and phonology in the language. Following are the results of feature

specifications with the ordering height-feature-first.
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(10) Feature specifications of Harbin vowel inventory: height specifications first then place
specifications

i A/
Rt Rt
N RN
V-Place Aperture V-Place Aperture
I I I
Coronal High High
R/
Rt
RN
V-Place Aperture
1
Rt
N
V-Place Aperture
I
Low

Comparing (10) with (8), the two results from the two different orderings of feature
specifications, we see that the difference lies in the front vowel, /i/ in (10) and /E/ in (8). In
(10), we start from height features. While there is only one Low vowel and one non-Low
non-High vowel, there are two High vowels, /i/ and A/. /if and A/ are further distinguished
in that /i/ is specified with Coronal. Thus the front vowel /i/ is specified with a height AND

a place feature.

However, in (8), we start from place features. The front vowel, /E/, is specified as Coronal
and is thus distinguished from the other vowels in the system. /i/ surfaces as the high
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vowels [i], {1], and [\] through a default rule of inserting High. This shows that the same
vowel inventory could have different feature specifications, particularly the front vowel in
the case of Harbin, depending on the ordering of feature specifications. Both give the same
results empirically.

There are pros and cons to both alternatives discussed. With place-feature-first, the front
vowel is only specified with one feature, Coronal. However, an extra default rule which
inserts High is required. On the other hand, with height-feature-first specification, the front
vowel is specified with two features, Coronal and High. One more feature is specified on

/il. However, no default rule inserting High is required.

I assume the place-feature-first ordering. The reasoning is as follows. I assume that a
default rule, in this case High on the front vowel, is part of the language-universal
principles of phonology. This can be understood in that a default rule is built into a child’s
language capacity. On the other hand, an extra feature specified on a vowel (the feature
High in this case) can be regarded in that some extra learning/memory is required in order
to acquire that feature. I assume that it is more important to keep specified features as few
as possible, than to avoid a default rule. For this reason, I prefer (8), resulting from the

ordering place-feature-first.

Next I discuss the third type of Mandarin language, Wuhan/Linfen, with respect to the
feature-specification ordering issue. Recall that both Wuhan and Linfen have the same
inventory, though they differ in the way the vowel A/ surfaces. I treat the two inventories as
one for the present purposes. First [ discuss the place-feature-first alternative. I show the

steps involved in the process.
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steps in place-feature-first specification

(11) Wuhan/Linfen:
Step 1.
Coronal
H
E ) 0O
a
Step 2:
Coronal Labial
i
E ) 0
a
Step 3:
Coronal Labial
t
E ) o
Low a
Step 4:
Coronal Labial
High i
E 3 0
Low a

separate Coronal from non-Coronal

among non-Coronal, separate Labial from non-

Labial

among non-Coronal and non-Labial,

separate Low from non-Low

among non-Coronal non-Labial and non-Low,

separate High from non-High
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I discussed in Chapter 3 that there are three central vowels, one front vowel, and one back
vowel in the system, based on both distribution and phonology. In step 1, the front vowel
[E/ is distinguished from the other 4 vowels by being assigned Coronal. In step 2, among
the non-front vowels, the back vowel /O/ is distinguished from the non-back vowels and is
assigned the feature Labial. The ordering between steps 1 and 2 is indeterminate. In steps 3
and 4, the three non-front and non-back vowels are further distinguished in that the low
vowel /a/ is specified with the height feature Low, the high vowel A/ with the height feature
High, and the mid vowel /a/ left unspecified for any feature. Following are the results of

feature specifications with place-feature-first.
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(12) Feature specifications of Wuhan/Linfen vowel inventory: place first then height

A
Rt
N
V-Place Aperture
[
High
/E/ o/ 0./
Rt Rt Rt
N RN SN
V-Place Aperture V-Place Aperture V-Place Aperture
I I
Coronal Labial
fa/
Rt
N

V-Place Aperture

Next I compare the alternative ordering, height-feature-first, for Wuhan/Linfen. Following

are the steps involved in the process.

(13) Wuhan/Linfen: steps in height-feature-first specification
Step 1.

Low a separate Low from non-Low
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Step 2:

High i i among non-Low, separate High from non-
High
3 0
Low a
Step 3:
Coronal
High i i among High, separate Coronal from non-
Coronal
3 0
Low a
Step 4:
Coronal Labial
High i i
3 o among non-Low non-High, separate Labial
from non-Labial
Low a

In step 1, the low vowel /a/ is distinguished from the non-low vowels and is assigned the
height feature Low. In step 2, among non-Low vowels, the high vowels /i/ and A/ are
distinguished from the mid vowels /2/ and /o/; the two high vowels are assigned the height
feature High. The ordering between steps 1 and 2 is flexible. There are two High vowels
and two non-Low non-High vowels. In step 3, the two High vowels are distinguished

from each other in that the front vowel /i/ is specified with the place feature Coronal, since
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this feature is active in the language (recall from Chapter 3). In step 4, the two non-Low
and non-High vowels are further distinguished from each other in that the back vowel /o/ is
specified with the place feature Labial, since the other vowel at this height level is central.
The ordering between steps 3 and 4 is flexible. Following are the results of feature

specification with the height-feature-first ordering.

(14) Feature specifications of Wuhan/Linfen vowel inventory: height first then place

Al Al
Rt Rt
PN PN
V-Place Aperture V-Place Aperture
l [ [
Coronal High High
e/ fof
Rt Rt
RN PN
V-Place Aperture V-Place Aperture
|
Labial
fa/
Rt
RN

V-Place Aperture

Comparing (14) with (12), we notice that the major difference between the two different

orderings is the front vowel, /i/ in (14) and /E/ in (12). This resembles the situation found
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in Harbin, discussed in section 4.2 of Chapter 4. That is, with the place-feature-first
ordering, the front vowel is specified with only one feature, Coronal, but needs a default
rule inserting High. On the other hand, with the height-feature-first ordering, the front
vowel is specified with two features, Coronal and High; no default rule inserting High is
required. I have discussed for Harbin that it is more important, from a language acquisition
point of view, to keep the specified features as few as possible, than to avoid a default rule.
For this reason, I prefer the inventory in (12), which results from the ordering place-

feature-first.

To summarize, [ have compared the two different feature-specification orderings with
respect to the Mandarin vowel inventories presented in Chapters 3 and 4. All three types of
inventories suggest that the ordering of place-feature-first is to be preferred over height-
feature-first, but for different reasons. For Harbin and Wuhan/Linfen, the reason is that the
place-feature-first ordering results in fewer features specified. For Chengde, only the place-

feature-first ordering, not the other one, is empirically adequate for the language.

5.2 Markedness in Mandarin vowel inventories
In Chapters 3 and 4 [ have introduced four different types of Mandarin vowel inventories.
These inventories differ in shape, depending on the features each vowel is specified with.

In this section I discuss the implications of these vowel inventories, with respect to vowel

markedness.

It has been commonly argued that there is a markedness hierarchy among consonants.
Particularly, coronal consonants, among consonants of other places of articulation, are
believed to be less marked (Kiparsky 1985, Avery and Rice 1988, 1989, papers in Paradis
and Prunet 1991, Rose 1993, among others). “Less marked” is understood in the sense

that coronal consonants are more common in terms of frequency, are the targets of
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phonological processes such as assimilation and vowel harmony, and are the
epenthetic/default segments of the language, among other types of criteria. Assuming that
consonants and vowels share the same bundle of place features, it is natural to ask if such a

markedness hierarchy, or any markedness hierarchy, is found among vowels.

In works such as Rose 1993, Walker 1993, and Hume 1996, a similar markedness pattern
is found for vowels compared with the pattern for consonants. More specifically, just as
coronal consonants are believed to be less marked in certain ways, coronal/front vowels are
also found to be less marked compared with vowels of other place features. Here I give one
example, retuming to Afar, discussed in Chapter 2. In Afar (Rose 1993), the following

vowel inventory is found.

(15) Afar surface vowel inventory

In the above inventory, each of the five vowels has a short and a long version.

In Afar, front vowels and back vowels pattern asymmetrically in terms of place
assimilation. More specifically, front vowels assimilate to back vowels of equal height.
Based on this, Rose argued that the place features of the front vowels must be absent

underlyingly, while the place features of the back vowels are present, as shown below.
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(16) Afar: front vowels unspecified for place features; back vowels specified for place

i,e u, o
V-Pl V-Pl
Labial

Thus the assimilation of front vowels to back vowels can be structurally viewed as front
vowels, with a bare place node, taking on the Labial place feature node from the back
vowels. The conclusion accordingly is that coronal vowels, {i] and [e] in the case of Afar,
are less marked than labial vowels, [u] and [0] in Afar. The reader is referred to the above-

mentioned works for similar conclusions drawn from other languages, based on various

types of evidence.

While the above view basically agrees with the markedness pattern established for
consonants, a different view is held by Zhang 1996, based on observations of Manchu-

Tungus languages. In Written Manchu, the following vowel inventory is found.

(17) Surface vowel inventory in Written Manchu (Zhang 1996)

i u

) Non-low
E]
a 2 Low

There are two heights in the above inventory, low and non-low (within each height a
further distinction is made by ATR/RTR). It is found that in Written Manchu different
phonological processes involve different vowels. The vowel [i] causes consonant
palatalization. However, the other two non-low vowels, which are back, do not participate

in any phonological processes, including labial vowel-harmony, which involves low
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vowels. Based on these patterns, Zhang concludes that among non-low vowels, the front
vowel should be specified with a Coronal place feature, and the back vowels left
unspecified for place. On the other hand, among low vowels, it is found that the back
vowel [a] is active in the phonology, triggering labial harmony. The other two low vowels
are central vowels. Thus Zhang concludes that for low vowels, the back vowel is specified
for a place feature Labial, and the two central vowels are unspecified for place. Thus, the
place feature Coronal is marked for the non-low vowel whereas the place feature Labial is

marked for the low vowel, as shown below.

(18) Written Manchu: Coronal marked for non-low vowel; Labial marked for low vowel

i 2 u,v,9,a
V-Pl V-P! V-P1
Coronal Labial

The above pattern suggests that in Written Manchu, vowels at different heights are
specified with different place features. Thus, for Written Manchu, and for languages of the
Manchu-Tungus group in general, there is no fixed markedness hierarchy of place features,

i.e., the hierarchy found for languages such as Afar.

Having introduced some background on the issue of vowel-place-feature markedness, I
turn to the Mandarin languages examined in Chapters 3 and 4. Recall that there are four
types of Mandarin languages discussed in the two chapters. The two five-vowel inventories
are identical in shape, though they differ in the way some of the vowels (particularly the
vowel /) surface, so I treat them as one inventory here. I repeat below the three Mandarin

vowel inventories.

212



(19) Three Mandarin vowel inventories
a) Wuhan and Linfen vowel inventory:

E ? o
a
b) Harbin vowel inventory:
i
E ]
a

c) Chengde vowel inventory:

E =) 0

a

I focus on place specifications. As discussed in Chapter 3, in the Wuhan/Linfen inventory,
Coronal is specified on /E/ and Labial on /O/. In other words, both Coronal and Labial
place features are specified in this system. In the Harbin inventory, Coronal is specified on
/E/. There is no back vowel in this system and so Labial is not specified. In the Chengde
inventory, place feature Coronal is specified on /E/ and Labial is specified on /O/. Thus like
Wuhan and Linfen, both Coronal and Labial place features are present in this system. I

summarize the above patterns.
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(20) Vowel place feature specification patterns in Mandarin languages

Coronal specified Labial specified
Wuhan/Linfen-type yes yes
Chengde-type yes yes
Harbin-type yes no

As we see, whereas Coronal is always specified in the Mandarin vowel inventories, Labial
varies in terms of whether it is present phonologically. It is specified in the Wuhan/Linfen

and Chengde-type inventories, but not in the Harbin-type inventory.

What the pattern in table (20) suggests is that for Harbin the place feature Coronal is more
marked than the place feature Labial, since Coronal is marked, or specified in the

inventory, whereas Labial is not.

5.3 Conclusions

In this chapter I have discussed alternative approaches to the ordering of fearure
specification of the languages in Chapters 3 and 4, and have shown that place features need
to be specified prior to height features in Mandarin. I have also discussed the markedness
issue arising from the Mandarin vowel inventories and have shown that the place feature
Coronal is more marked than the place feature Labial at least in one Mandarin language,
Harbin.
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Chapter 6 Conclusions

In this chapter I summarize the major contributions of the thesis.

It has been long assumed in the Chinese literature that surface vowel [¥] is the lengthened
form of the vowel [3], motivated by the Chinese syllable structure requirement of two
timing slots in the rime on the surface. [ have provided lexical evidence for such an
assumption. That is, it is found in different Mandarin languages among different lexical
items that [a] surfaces differently in a full-tone syllable from a neutral-tone syllable
syllable. In a fuli-tone syllable, i.e., Tones 1, 2, 3, and 4, [a] surfaces as [¥] because a full
tone can be regarded as long and thus requires a long surface form, which is [¥]. On the
contrary, in a neutral-tone syllable, {a] surfaces as 3] itself since a neutral tone is short in

time and so a short surface form [3] is fine in such a syllable.

I have spelled out details regarding the structural constraints on place feature
spreading/assimilation in Mandarin. One constraint is that the target should ¢-command the
wrigger. The second constraint is the trigger and the target should be adjacent to each other.
The third constraint concerns specifically the vowel /a/. That is, /a/ only assimilates to a

vowel, not to a consonant.

The Mandarin languages under study lend support to the feature underspecification
approach as laid out in section 2.1 of Chapter 2. Particularly, while in Harbin-type
languages, only the front vowel /E/ acts as a trigger of place assimilation, in Chengde-type
languages, both the front vowel /E/ and the back vowel /O/ act as a trigger of place
assimilation. These patterns are captured by the contrastive specification approach. In

Harbin, only the front vowel /E/ is specified with a place feature (the back vowel [u] is
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unspecified with a place feature) and so only /E/ acts as a trigger of assimilation. In
Chengde, both /E/ and /O/ are specified with a place feature and so both are triggers of
assimilation. These patterns would be difficult to explain under a different approach, say,
full specification, in which case the assimilation rules would have to refer to specific place
features (Coronal only in Harbin and Coronal and Labial in Chengde) and so is stipulative.
My analysis predicts that feature activity relates to inventory shape; in a full specification

approach there is no necessary connection between inventory type and feature activity.

In the feature specification literature, different orderings of specification have been
suggested depending on the particular languages being studied. The Mandarin languages in
this study suggest that place features need to be specified prior to height features. Further
there is no fixed hierarchy among place features. Place feature specifications are determined

by the requirements of phonological behavior and contrasts in the language.

The Mandarin languages have shown three types of phonological vowel inventories. We
have seen an inventory with three phonological heights, with only one high and low vowel,
but three mid vowels (front-central-back; the Wuhan/Linfen type). We have also seen an
inventory with two heights, with only one low vowel, and three non-low vowels (front-
central-back; the Chengde type). We have seen a third inventory with three heights, with
only one low and high vowel, but two mid vowels (front-central; the Harbin type). These

inventories are the results of the feature-specification procedures I have argued for.

Lastly it has also been argued that in Harbin the place feature Coronal is more marked than
the place feature Labial since Coronal is always specified in the system whereas Labial is
not. This lends support to Zhang’s 1996 conclusion that Labial is an unmarked vowel place

feature, at least for languages within China.
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Appendix 1: Summary of constraints in Mandarin languages

A. Common constraints to Mandarin languages
(1) Constraint on domain of spreading: The target c-commands the trigger.

(see (40) of Chapter 3)

(2) Constraint on locality in assimilation:

X X
Rt Rt

| l
C-PI/V-PI V-P1

(see (17) of Chapter 3)

(3) Structural constraint on assimilation of /a/: /o/ assimilates to an adjacent vowel (mirror

image):
v/ ol
Rt Rt
V-l|>l V—lPl
;!( e
(see (37) of Chapter 3)

(4) Constraint on the application of the default rule High:
The default rule inserting High applies to a nuclear vowel only if it is singly linked
with a place feature.

(see (57) of Chapter 3)



(5) OCP constraint against complex segment *[p%] (at both underlying and surface levels):
*pW
Rt
|
C-place
e S V-place
~ L
Labial Lab
Domain: segment

(see (11) of Chapter 3)

(6) Structural complexity constraint (see (13) and (70) of Chapter 3):

*tsitgl
Rt
|
C-place
/\
- V;Ilace
nal

S
Coronal Co
Denh[ﬂRelroﬂex
(7) Constraint against two underlying identical vowel sequences: *o/V1-Vi/g

(see (54) of Chapter 3)

(8) Constraint against two surface high vowels sequence: *g{high-high]s
(see (51) of Chapter 3)

Particular constraints in Mandarin languages:
(1) Rule ordering in Chengde: Coronal spreading applies before Labial spreading.

(see section 4.1.3.1 of Chapter 4)
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(2) OCP constraint against two adjacent Coronal segments in rime in Linfen, Chengde, and

Harbin (not in Wuhan; evidence from r-suffixation)
* X Y
Rt Rt
| I
C-PI/V-P! C-P1

Coronal Coronal
(see section 3.2.3.3 of Chapter 3)



Appendix 2: Tables of Wuhan, Linfen, Harbin, and Chengde
(In each table the heading column and the heading row are underlying forms. The rest of the table are surface forms.)

Wuhan
Wuhan Table 1 Syllables headed by plain consonants
a 9 i oE Jai Ot an on n
pa |py |po Ip1 [pu |paj lpe; [paw an_fpon_lpag }poy
pa |p¥ |po 'g‘i pu %f pe] [paw p an on |p ag_'_%_'gg
[m fma |mv¥ jmo |mi ma) |me] |maw |mow |man |man_|may [moy
f Ifa fu Iej“ fow Jfan Jfon |[fap |fop
t ta [tv [to |u g Jt¢j Jtaw Jtow Jtan Jwn Jtag Jtop
t Jta Jt'y |to t'j t’g"L te] [taw [tow [tan Jten |tap Jtog
n fna [n¥ [no |m naj [nej Inaw |now [nan |nen |nag |nopy
[vfta |6y |vo |w baj_[tsej [vaw [sow [San [wen ftap ftop
ts' Jts’a Jts'¥ Jts'o Jis) tsa) [ts'e] Jts'aw Jts'ow[isan [ts'an |ts ap [ts'op
s fsa sy |[so [s sa) |se] |saw [sow [san §son |sap |sopy
r
kK Bka |kv ko [®i |ku |kaj kaw Jkow [kan [ken RQ_ -lfv)l
k'a (k'Y [k’o [¥'1 [k'u E&'lj k'aw |k'ow |k'an Jk'an |k'ap | k'op
v_Joo 1 1 zaw_Jgow fgan fyen [uap [yop
X f§xa Ixy¥ [xo ]e1 [xu [xaj xaw |xow |xan [xen |xag |xop
a |y Jo i Ju min|y
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Wuhan Table 2 Syllables headed by consonants with palatalization
a |e [O JE]Jt _ok at Ot an Jen

P a_|ple plaw Jan

tp= jpla | ple paw plan | pl'ay

m mle maw | mlow mlan

f

(€ Hda [de vaw | vow ton {vap |von

(= jtra |de Uaw tsn | t'ap

nt fna |ne |no nil naw |now non |n/ap

-

tst’

£

r

k ®a [¥e (%O il svaw | wow $SN jvay | oy

kE'[¥a [¥¢c |¥o0 v vaw [¥'ow von [¥a) [voy
ja

xE jea |ee |eo gl gaw | pow fon  |¢an |goy
ja_lje |jo il aw |jow @n  |jan jon

pRYA



Wuhan Table 3

Syllables headed by consonants with labialization

ja 9 0 2 i ok a¢ Ot [an on Ux
m
s
tiy
nt nii
st fuVa tsVaj | Ve tVan sVag
[ts¥’ FtsW’a 1sW’aj | tsW'ej tsW’an tsW’ay
E sVa |sVvy sVaj |sVej sVan sVap
Va Vaj |rVej
[kt IxVa |xVy sl kVaj |kVej XVan |XVen [kVap
k' JkW’a vu kW’aj { kW’ej k%’an |kW’en | kW'ap
| x x¥a |x¥y g XVai |xVej xVan |xVen [xVap
va u wva |we) wan |won |[way
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Wuhan Table 4 Syllables headed by consonants with both palatalization and labialization
alo TOTETi ToF ToF Tai [Of Janfon an [O3[m[n [§.

(m

f

t

&5

n
(v

<

s

r

k Ve sVan

kEY sV'e v¥'on

X ¢ve Von

LN AT =

g



Linfen

Linfen Table 1 Syllables headed by plain consonants
a 9 § ) a ot ]an on om _
a |p¥ Ipo Ipt [pu lpay [pe [paw pan_| pen Jpay [pen
| aip¥ |po [pi [pu paj |pe |paw pan | p'en [p'ap | pey
pngma |my [mo Jmi |mu [ma T'mej |[maw man_| men [ may [men
! Jfa fo fu [fa; [fe fan fon |fay |[fey
LV _jva vo Jvi |vu V. vy
t Jta o [t Jtu ftaj [t [taw 8w |tan on_Jtanp ]ty
t Jta Ity [to i Jcu [t'a] [te] [taw | tow |tan | ton t'an |t'en
n Ina no |ni naj inej |naw now |nan hen |nap |nep
|1 gla Jiv Jlo [k laj law lon |lay |{lon
ts tsa 50 [t tsa} e} [saw [ sow {tsan | Sen W@I tsop
ts’ fts'a ts’o Jts1 ts'a) |ts’ej Jts'aw Jtsaw [ts’an ts’an
S Isa |sy [so [a sa) Ise] [saw | sow [san | sen [sap son
a |B¥Y JBo [t tsu Baj wow Wwan Yan
"I’a 1t5'y s’ Jts'v [ ts’u [ts'aj §’aw $’on 9'op
a_J3v |30 I3 |su fsaj sow son 3o
r fra Irv lro [n w en on
|X Jka kv ko [%i {ku |ka kaw | kow |kan kon |kan |kepn
ka |k'y [k'o I [K'u [k k'aw [ k'sw [k’an [ k'sn [k’ay [k'an
R _|gv . ) Jaw | pew Iyan | mon |npan
X _#xa_Ixv Ixo Je¢i [xu |xaf Xxaw | xow Ixan [ xan [xap [xey
0 fa o |t Ju
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Linfen Table 2

Syllables headed by consonants uith palatalization

E_Ji TaE |oE Jai of an on )

plaw plan |[plen oy
‘aw an [ pl’an pl’en
mlaw mlan | mien mlay
Yaw | Yow |Van tay
_ taw "an v ey
Rii Naw |wow [wan [won [Way |nleg
li Jaw | Vow [Uan |Uon [Hag [lieg
v |%a ¥aw | ¥aw | wan |won |[%apn |[eop
¥ %'aw j¥ow| w'an [$on |%'ap | w'en
)

pii | ga) gaw | ow | gan [gan |eap
i Jaw fow Jan [jen [jap |jeny
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Linfen Table 3

Syllables headed by consonants with labialization

9]0 t[aE  |oE |a | ot ]an on °
tVej tVan | tVan Vop
tV’ej t¥’an | tVon tV’ap
nii
lii _ I¥an | 1¥en |1Van
tsVej sVan | sVon tsVop |
tsV’ej tsV'an | tsV’on 1s¥'op
sVej sVan | sVen s¥o
9Vej YVan | $yVon |$Vap |yVap
Vej ts¥"an | t5¥on | 5% ayp | 5V ap
$Vej 3Vap
k¥o [S®i ifai kVej XVan | kVon kVay |kVey |
[kV’0 [®'U | [k¥’ai [ kV’ej k¥’an | k¥’on [ kV'ag [kV’ey
xVo |eu xVai xi’ej XVan | xVon |xVay |xVoy
wo i wai | wej wan__[wen_jwap |wey
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Linfen Table 4

Syllables headed by consonants with both palatalization and labialization

a 9 O i |aE 9 ak 9t |an on 9
m
f
v
t
g
n nlo
1 e {1Vo 1Yan
ts
st
Is
1o
?
X
k2 feVa |¥Ve |wVo ¥Van | ¥Von
k™ 1e¥V’a | ¢¥’e [§V'0 ¥¥’an} ¥V’on
X Va {¢Ve |gVo Van | ¢Von
LI e f(o tran :an
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{¢2

~be ue Me fe e a 1 10
ex | uex | Gex ] uex | mex | fex | mex !'w exX AX nx ¥ ] x
uelt mell i
Gey fueyJGoy fuey fmeyfey fmeyf @t uy |ay]oy|ialy
Gey | wey | Gex | uey | mey | fey | mex | Pa¥X | ex | ax } oy | & | x
Gex | uex | Gex | uer | mex mex r%;l AX n u |z
ted | wed | Ged | ued | med | fod | med | Puf ad | nd [ a2 ]2
ety | ved | Ged Jued [med]| fod [ med]PaR sd fnd [1a].4
Ged | ued | Ged | ued | med | 63 | med | Pad | 82 | a& | nd | & | &
bes | ues | Ges | ues | mes | fas | mes | Paf AS n } s | s
te,s1 | ue.s) mesi] fest | mesi| P ast fosi s ] s
teg | uen | Geq Juen |men | e [mea|PaR | ea | aa | va [ w]a
e ue e u ME { M A n
—Etlx ue}x ﬁ% u:j: Mmlx J;llt M:\[x :!% :ulx mlx lll} \E
ey | uey fea Juea mea] feg [mea] Pad L ea | 2 { na | i ]a
w |un |t Jua lma |l fa |[ma] Bl a fulw]a]s
(Gea | UeA | Uea Tea BA | AA | DA A
ey | uey | Gey | uej 1)1 &) nJ 3
vw | uswr | Gewr | uewr | mew | lew vw | Aw | nw | W0 jw
Wwd | ued]| Ged Jued |aed]| led ed | ad [ nd [ d | d
ted | uved | Ged | ued | med | led 2 T ad | nd u |d
' uB ue ue ® e je ge B e § q
sireuostios uteld AQ papeay SIQETAS 1 91981, WIQIeF]

ujquegy



Harbin Table 2

E

Syllables headed by consonam%\Evith palatalization

9 a oE ot ai on 9 an an
P pe plaw | plon | pley | plan
pe’ p'e p’aw | plon | pl’eg | plan
mE mle mlaw | mlan m’oq mlan
£
vE
£ de daw taw Jal Yan
s e t'aw Yoy | Y'an
nk nit | nle nlow non | nleg | nan | nlay
1E li | e | Ua Uow Vaw | Usn | Vey | an | Vay
st
tst’
sE
QE
v
!E
£am
X %l | ¢ | %a wow vaw | won | %oy | wan | way
kB %0 | vc | va YT, ®aw | €on | ¥'9p | ®'an | v'ay
gEr
xE gli | ee ol gaw | gan | ¢3) | pan | gay
B il je ja jow jaw | jan | jen | jan | jap

3¢



Harbin Table 3 Syllables headed by consonants with labialization

238"

i ) a oE [ of | aE | & [ on | o0 | an

vw
wwﬂ
mt

t

=

tt ™y tYej tYon | tYap | tYan
&’ W'y tWej tWon | tWog | tWan
nt J nii nVy

§ i Vv noa _
wt ¥y | sVa | uVej wVon | wVop | wVan
tst’ tsW'y sW’ej tsW'on | tsW’on} tsW’an
st sVy | sVa | sVej sVen | sVop { sVan
a— wVv | wVa | wVej Vai w¥on MAWE m#g
Ll ¥y §Y'ej $¥aj §¥'on| y¥ap| g¥'an
o Vv | 3Va | sVej Vi 3Van
¢ ] Ve _ r¥an
K | sl kVv | kVa | kVej kYaj kxVon | kVep | kVan
__w. %'l C ke | kY'a | kW kW’aj k"’on | kW'on | kW'an
xt | ¢ xVv | xVa | xVej xVaj x¥on | xVoy | xVan
% 1] won | wan




Syllables headed by consonants with palatalization and labialization

Harbin Table 4
E

§

oE

ak

- ] -} -]
_m a t at n op an
=
3
gkt
e
[
(nH nle
1 Ve
v
TEB'
[ sH
[ it
£a
7
k! Ve $Won | $Way | ¥Wan
_I%E; wV'e %W on | %V op|¥¥'an
F;E ¢Ve ¢Won | ¢Wep | ¢¥an
B ye wn | yay | yan

3%



Chengde

Chengde Table 1 Syllables headed by plain consonants
0 ] a E | a0 | aE | ® [ pon [ pop [ an [ ap
PIpilpul py| pal pe paj | paw | pon | p'oy | pan | pay
Pipil pulpy [ pa pe] paj { paw | mon moy | pan | p'ag
mim | mu [ mv | ma me mow|]| maj {maw | fon | fo man
f fu ] fa fe) fow Wy | fan | fap
t] u u tv ta tow | ta | taw tog | tan | tay
tfti | tu t'y ta tow | tay | t'aw non | tan | t'ag
nf m| nu na nej naj | naw lop | nan | nay
1]k lu Iv Ia ley |low [Ty [ Taw | 5on [ Bep [ Tan lag
S| suov] wa] ve |Sow Say_ “Saw tsop | San | Sap
it | ts’'u] ts¥ | tsa tsow| ts'a) | ts’aw 39) | ts'an | ts'ay
s n su sy sa sow | saj | saw ¥on on | san | sap
AIRE KT KIEKT Wow | Baj | waw [ $'on | tg'on | wan | tap
M K0 IK Y| ga Y ow Sa [$aw] son | sop |§an | §'ay
g gu A ga gow | 98] | 3aw | %on | 30 | san | sap
|l v | 3v gow gaw | kan | kop | gan | gap
kKiwi| ku | kv | ka ke | kow | kaj | kaw | k'en | k'on | Kan kan
KlsilKu kv [ Ka k’ow ki) | K'aw] gon k'an | k'ap |
L) v Qow | 13 | gaw | xen | xogy | pan
XJ et | xu XY xa xe) | xow | xai | xaw xan | xan
0 1 a ow al ap |
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Chengde Table 2

Syllables headed by consonants with palatalization

(0] 9 a 9 90 | aE | a0 [ pen | pog | an an

pE Je Jaw | plen | pley | plan

’ ﬁ'c 15’aw p'on | pe *an

mE mle mlaw | mlon | mley | mlan

£

£ Je Yow Yaw von | van

te t’e U'aw v'on | ¥'an

nt nd | ne nNow naw ney | nan | B
1E i | ve Yow Daw | Don | Peg | Pan B—:_;d
wE

tst’

sE

QEI

v ]

| 31

$

kE ki | wc | wa wow waw | %en | %op | %an | way
kE’ ki | ¢e | ¥a v ow vaw | %on | woy| ¥an| ¥ayp
P

xE xii | e | ga gow gaw | ¢en | ¢ | ¢an | eap
B il e | Rn Jow Jaw | jen | jon | jan | jap
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Chengde Table 3

Syllables headed by consonants with labialization

0 ° a ? 0 | aE [ a0 en_] pep an an

(9

o

mU

0

[\ tVo Vej tVon | "Vep | an

ol V' t¥ej tYon | (V'op | V'an

nV | nil nVo n¥on | n¥op | nVan
O] Vo IWon | 1Vop | 1Van

Y Vo tsVej tsVon | wVep | wVan

ts\’ sV’0 tsV'ej ts¥'on | ts¥’op | tsV’an

sV sVo sVej sVaj s¥n | sVog | sVan

§0 §¥o | §¥a | yvej ¥V aj ¥¥on | §¥op | $Van | yVay
LA ¥V'o yV'ej V4] §¥'on | §¥’on | §¥’an | §V'ay
i Yo | g% | 3V $Vaj ¢¥en $¥an | gVap
Y Vo Vej #Ven | Vep | #Van

X0 | ki Vo | kVa | kVej KVaj kVon | k¥ep | KVan | kVap
kO K kV’o | kV’a | k¥’¢j k¥ ’aj k¥’on | kV’op | k¥’an [ kV'ay
ac

xU T xii xVo [ xVa | xVej XV aj xVon | xVep | xVan xVan
CO [ U WO wa wej waj wan wa) wan wap |

2.31



Chen

&
=
s
a
rs

Syllables headed

sonants with palatalization and labialization

a

%con

a0

pan

_Poy

an

nle

Ve

nenpRaARYF

4

EEEEEL

sWVon

¥Wap

sWan

E

*WV'on

¥WV'ap

sW’an

¢WVen

¢Wop

4%

wn

P

Yan

P od



Appendix 3

The following map shows the five subgroups of Mandarin. Each language inciuded in the
study is indicated. In particular, the four languages, Wuhan, Linfen, Chengde, and Harbin,

are shown in box.
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