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1. Overview
In the literature on loanword phonology, there is a longstanding debate as to whether the
adaptation from the source language is based on phonetic similarity from language-to-language
or mediated by underlying representations (e.g. Silverman 1992, Kenstowicz 2003, Peperkamp
and Dupoux 2003, LaCharité and Paradis 2005). As originally pointed out in Wetzels (2009),
nasality in Maxakali, a Macro-Jé language spoken in Minas Gerais, Brazil, turns out to be an
important test case in this debate, as there is a strong effect of constraints banning a mismatch in
nasality between consonant and vowel, e.g. *[da] and *[ma], potentially affecting the adaptation
of numerous loanwords. For instance, in order to incorporate a Brazilian Portuguese (BP)
loanword like martelo [mah'telv]*hammer’ into the language, the first syllable must be turned
into either fully nasal [ma] or fully oral [ba] in Maxakali. In the native phonology of Maxakali,
consonant nasality is argued to be determined by neighboring vowels, rather than vice-versa
(Wetzels, 2009). However, as it turns out, the preferred choice in such loanwords is often [ma]:
the vowel ‘loses’ in terms of surface similarity, so that the nasality of the consonant may be
preserved. This finding is surprising, in that nasality is introduced onto what were contrastively
oral vowels, but on the other hand, it may reflect a loanword adaptation bias to preserve the
nasality of initial consonants from source words. It is precisely this negotiation between
conflicting forces that a model of loanword phonology must address.

In the present paper, we contribute to an understanding of the patterns of loanword

adaptation (and therefore the representation of nasality in word-level phonotactics in Maxakali



more broadly) through the inclusion of data from 768 word tokens (95 types) in which constraints
on nasality must be negotiated in the process of loanword phonology. In doing so, we separate

out the application of nasal harmony in the language into three potential domains:?

(1) Potential Domains of nasalization in Maxakali word-level phonology:
-Rime Nasalization Within a rime, the vowel and any consonantal coda will agree in

nasality.

-Onset Nasalization Within a syllable, the onset consonant, if it is not voiceless, will agree
in nasality with the vowel.

-Intersyllabic Harmony All vowels to the left of the stressed vowel (the language has
consistent final stress) may pick up the nasality of the stressed vowel, but can be blocked

if a voiceless consonant intervenes

As for Onset Nasalization, this is reflected in the writing system, whereby <ma> indicates [ma]
and <ma> indicates [ba], specifically emphasizing the vowel as a determinant of the nasality of a
voiced onset consonant). Regarding intersyllabic harmony, this would be as a nucleus-to-nucleus
relation, as proposed in Piggott & van der Hulst 1997 for languages such as Barasano. Many
models of nasal harmony (and of word-level nasalization in languages of this sort) conflate all
three kinds of targets into a single process. As native words such as (2) and (3) in fact show
nasalization of every segment in the word, it can be difficult to tease apart precisely which

nasalization processes are at play in Maxakali based on the native vocabulary.

(2) [n@min] ‘spirit’



(3) [nimap] ‘wing’

Gudschinsky, Popovich & Popovich (1970) proposed that both nasal vowels and nasal
consonants are phonemic, with a rule of consonant denasalization before oral vowels (essentially
[-nasal] harmony). On the other hand, Rodrigues (1981) proposed that, given that voiced stops
are always nasal in word-final codas in Maxakali, only voiced stops are underlying, and the
distribution of nasality results from the predictable rule of word-final nasalization plus leftward
nasal harmony. In Rodrigues’ proposal, voiceless consonants block nasality spreading, so a word
such as [ku ki3], *[kii'kli3], ‘to clear one’s throat’ will come from an underlying form /kokod/, in
which the voiced consonant nasalizes and subsequently spreads its nasality leftwards up until the
voiceless consonant that stops further leftward spreading.>  Finally, approaches such as Walker
(2003) take nasal harmony to be bidirectional for languages such as Tuyuca, and under this style
of analysis, nasalization would spread from the stressed vowel to every other segment in both
directions, except when halted by voiceless consonants.

In contrast to monolithic approaches to nasal harmony in terms of a single underlying
source for nasality that either spreads bidirectionally or unidirectionally, a number of researchers
have posited that the processes of syllable-internal nasalization (herein called ‘nasal concord’, or
syllable-level phonotactics) and syllable-to-syllable nasalization (‘harmony’) are distinct (Piggott
& van der Hulst 1997, Wetzels 2009, Thomas 2014, Singerman 2016). This cleaving of harmony
into two (or more) processes would suggest that the processes in (1) could ‘go their own way’
when speakers are confronted with novel phonetic sequences to be adapted from donor
languages, thereby providing the opportunity to produce novel combinations according to their
phonology.

Such a state of affairs — whereby a set of phonotactic constraints that are generally



exceptionless in the native phonology nonetheless break down in different ways and at different
rates in the adaptation of loanwords — has been found before in studies of loanword phonology,
leading to what is called differential importation (Kang 2011). As Broselow et al. (2012)
describe, for example, “Although neither [ti] nor [si] is attested in native Japanese vocabulary, [ti]
is more likely than [si] to be preserved in loanwords, as illustrated by the pronunciation of
‘Citibank’ as [fitibanku], where [s] becomes palatalized but [t] is retained”.* They analyze this
asymmetric importation pattern as reflecting a native language ranking *[SI] >> *[TI], under
which these two distinct phonotactic constraints, though they go unviolated in the native
language, reveal their relative importance via loanword phonology. Similarly, Smith (2018)
documents what are called ‘impossible nativization effects’, such that if segmental or phonotactic
phenomenon x is adapted in a loanword, then y must be adapted as well (i.e. y is not possible
without also having x). In the present paper, we investigate a logic of comparing rates of
adaptation with respect to the three domains of nasalization presented in (1) in Maxakali
loanwords from Portuguese, investigating whether the ‘harmonization’, i.e. imposition of nasality
through harmony, is more likely to occur in particular domains within the word. As will be
shown below, Maxakali speakers enforce nasal harmony more strongly within smaller domains.
In addition, they are more likely to preserve orality/nasality contrasts from BP in prominent

positions, such as initial syllables and stressed syllables.

1.1 Phonological Overviews of Maxakali and Brazilian Portuguese
Maxakali has 1,907 speakers distributed across four villages around the Mucuri river valley, in
the northeast of the state of Minas Gerais, Brazil, according to the 2013 SIASI census. Despite
over 300 years of contact with Portuguese speakers, they still strongly maintain their cosmology,

ritual, and the use of their first language, with a fairly high degree of monolingualism. The



group’s autonym is [tjemi 54]3], and they call their language [#n1j ?qj]. The language is ergative
and has primarily Subject Object Verb word order (see Campos 2009 for an overview of its
syntax and morphology), with largely an isolating profile in morphology, though with extensive
compounding. Maxakali phonology is well-known for its stop-consonant vocalization process,
whereby obstruent coda consonants can lenite to glides (Gudschinsky, Popovich & Popovich
1970, Silva 2015). /p, t, c, k/ lenite to [, 9, j, uy] respectively, while nasal codas lenite to the
nasal version of the aforementioned glides. Words in Maxakali generally follow a CVCVC
template, with a final closed syllable (and even, in some older loans, the epenthetic insertion of a
final consonant to satisfy this template; Aratjo 2000, Ribeiro 2012). Thus, BP loanwords
typically lose their final vowel, e.g. to.ma.te > [to.mag] ‘tomato’ (alongside gaining nasality and
lenition of final C). This truncation of the final unstressed vowel usually results in alignment of
the stressed syllable of the source with the stressed syllable of the loan, and it causes BP onset
consonants to become codas. In Maxakali, codas are found only word-finally in morphologically
simplex words, and can be drawn from any of the consonants in the language except /h/.

The consonantal inventory includes four voiceless stops, /p, t, ¢, k/ (represented in the
standard orthography, developed by Popovich & Popovich (2005), as <p,t,x,k>), which resist
nasalization and in fact block harmony further to the left. The palatal voiceless obstruent has
affricate, fricative, and stop realizations. The language has a set of four pairs of obstruents, which
alternate between voiced and nasal stops: [b~m, d~n, J~n, g~n]. Each pair is represented by a
single grapheme in the orthography (<m,n,y,g>, respectively), and within the native phonology,
due to the processes of Rime Nasalization and Onset Nasalization in (1), their allophonic
occurrence is fully predictable depending on the nasality of the syllable nucleus; thus [b] occurs
before oral [a] while [m] occurs before nasal [a]. However, the velar nasal is banned from onset

position, and only found in codas, and thus the oral allophone /g/ is found in onset position



whether or not the following vowel is nasal (cf. goy /gdy/ ‘smoke’ vs gox /goc/ ‘ambush’) In
addition, there are two laryngeal consonants, /?, h/, whose distribution is rather limited, with /?/
occurring at morpheme boundaries (which otherwise would begin/end with vowels) and between
vowels, and /h/ that is only found in onset position (except for some loanwords). Maxakali lacks
many consonants present in Portuguese (/l/, /r/, /f/, etc.; the name of the language, [mafaka'li], is
in fact an exonym?®). The vocalic phonemes of the language contrast five oral vowels /i, €, a, i, 0/
and their nasal counterparts /i, &, 4, 7, 6/.°

Brazilian Portuguese, by contrast, has a different phonological structure. Portuguese has
complex onsets (largely obstruent-liquid clusters), a range of sibilant fricatives, three nasal
consonants (m, n, n) alongside voiced stops (b, d, g), five nasal vowels that can be lexically
contrastive, regressive allophonic nasalization of vowels by adjacent consonants, and a restriction
of coda consonants to sonorants and sibilants. Stress in nouns is lexical, falling within a three-
syllable window. Crucially, outside of regressive vowel nasalization caused by adjacent nasal
consonants (e.g. [k3.moa] ‘bed’), there is no other process of nasal harmonization  in Portuguese
affecting vowels or consonants. Brazilian Portuguese does not have any phonotactic requirement
that onsets match nasality with tautosyllabic nasal vowels. For a broader overview of Portuguese
phonology, see Mateus & D’ Andrade (2000) and Cristéfaro Silva (2007).

According to Rodrigues (1981), nasal harmony is right-to-left in Maxakali, starting with
the final segment. He posits a rule whereby morphemes ending in a voiced oral consonant
undergo nasalization and another rule that subsequently enforces the spreading of its nasality to
voiced segments to its left. Thus, /jabij/ becomes [na min] ‘spirit’ due to an imperative to
undergo predictable nasalization at the right edge (as words do not end with voiced stops) and
then spread this nasality all the way to the left within the word (halted by voiceless stops).

However, cases such as [pa'min] can be accounted for by any model of harmony: left-alignment,
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right-alignment, pairwise agreement, syllable-bound harmony, under many combinations of
assumptions of how much nasality is underlying (including whether it is underlyingly contrastive
only on consonants, only on vowels, or both). All of these models are consistent with data in
which every segment shows surface agreement in nasalization.

Thus, in Rodrigues’ (1981) account, harmony is seen as a kind of left alignment of
nasality emanating from a single source, where one single specification and source of nasality is
associated and aligned as far as possible to the left edge. However, it is also possible to view
nasal harmony as a pairwise, /ocal harmony relation, in which each adjacent pair of voiced
segments must agree in nasality. The strength of each such harmony relation may be enforced by
factors such as syllabic constituency, positional factors, and segmental properties. Under such an
account, there can be multiple possible sources of nasality per word. Thus, particularly in
loanwords from Portuguese where multiple segments may have nasality in the source form, there
are multiple sources of nasality that could enforce harmony in neighboring segments.

Wetzels (2009), working from dictionary data (primarily Popovich & Popovich 2005),
makes a number of important observations that form the basis for this article. He observes that
Rime Nasalization is exceptionless in Maxakali loanwords from Portuguese (e.g. tomate
[tu'matfi] > [ti'md3] ‘tomato’). Unlike Rodrigues (1981), however, who predicts that voiced
codas should always become nasal in Maxakali, Wetzels (2009) allows for oral adaptation of
loans from Portuguese, such as soldado > [teu'dag] ‘soldier’. According to Wetzels, what
governs the choice of whether a rime will be nasal or not also involves the ability to license the
nasal onset. Thus, in fomate > [t0'madg3] ‘tomato’, nasality in the rime will in turn license nasality
in the onset of the second syllable, thereby allowing a faithful mapping of this consonant from
Portuguese. Nonetheless, what Wetzels and Rodrigues have in common is the prediction that

nucleus and coda must agree in orality/nasality in Maxakali. This exceptionless character already
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suggests a different status for Rime Nasalization, which is to be contrasted with the two other
processes discussed below. Importantly, Rime Nasalization as found in Maxakali is not inherited
directly from Brazilian Portuguese, as BP has forms like [h3s] ‘frogs’ or [tc3s. poh.§i] ‘transport’,
in which a nasal vowel is followed by an oral consonant.

Wetzels notes that unlike Rime Nasalization, Onset Nasalization is variable (e.g. he

reports (4)) and even finds denasalization of the onset (e.g. (5)).

(4) feijéo [fe' 533] > [p¥ nd] or [pE'330] “beans”?

(5) limdo [li'm3G]> [dibaf] ‘lime’

These latter patterns suggest the potential future emergence of a /b~m/ contrast in Maxakali as
unpredictable, rather than allophonic, as anticipated in Wetzels (2009). We aim to investigate the
extent of this variability. Finally, we sought to study in greater detail the rate of vowel-to-vowel
nasal harmony, given that it can be modeled as a distinct phonological process. Our empirical
results below, therefore, are designed to compare the amount of adherence to nasalization in the
three domains in (1) above, with the hypothesis that the smaller the domain, the more adherence
there will be. In other words, we set out to test whether there would be a higher percentage of
rime nasalization than onset nasalization, and in turn a higher percentage of onset nasalization
than intersyllabic harmony. The existence of reliable differences in the rates of application of
these three processes would in turn suggest that they should be treated as distinct processes in
terms of the phonological grammar of the language. This kind of variability is ideally
investigated with a broad range of speakers, which is what motivated our data collection,

explained shortly below.



1.2 Accounting for Variability and Exceptionful Generalizations

As discussed above, bringing BP loanwords into Maxakali forces a clash between two
phonologies: that of BP, in which nasality on consonants is fully phonemic (and allophonically
predictable on stressed vowels), and that of Maxakali, in which consonant nasality is mostly
predictable. The adaptation strategies involved, however, have already been noted as variable,
including a gain of nasality on vowels, a loss of nasality on consonants, or preservation of
disharmonic sequences. The reason for such variability may turn out to result from multiple
factors, including both demographic factors (e.g. speaker age or gender) and phonological factors
(e.g. the position of the nasals within the word or the place and manner of articulation of the
consonants involved). In order to address these questions with a more precise quantitative picture
of the trends involved, we collected loanword data from 18 speakers (described in Section 2),
analyzed the trends observed in the collected corpus (Section 3), and finally implemented a
maximum entropy (MaxEnt) phonological model (Goldwater & Johnson 2003) to assess the
relative weights of each factor.

The MaxEnt model, presented in Section 4 provides insight into the relative strength of
the multiple potential generalizations that hold of the data. Anticipating the results, Maxakali
speakers do enforce nasal harmony, with stronger enforcement within smaller domains, and they
tend to preserve orality/nasality contrasts from BP in prominent positions such as initial syllables

and stressed syllables.

2. Materials and Data Collection



We conducted an analysis of loanword adaptation with 18 speakers of Maxakali, balanced across
three age groups (youngsters, age 15-29; adults, age 30-44; elders, age 45 and up) and two
genders (female and male). The age groups roughly correspond to the span of a generation in the
community in terms of parents, grandparents, and great-grandparents. In addition to providing a
broader empirical base on which to study the extent of variation in loanword adaptation, it allows
us to consider whether demographic factors played a role. This followed the design of prior work
on Maxakali within the domain of consonant lenition (Silva & Nevins 2014) that examined
demographic factors and found a change-in-progress, whereby the elders produced consonant
lenition much less than adults and youngsters. The current data were collected in Apne Yixux
(‘the Green Village’). Speakers were auditorally presented with a word in Portuguese (as
pronounced by a native speaker from Belo Horizonte, Brazil) known to have an existing
loanword variant in Maxakali, and were then asked for the loanword’s pronunciation. We elicited
an average of 43 loanwords from each of the 18 speakers, with a total of 95 distinct loanword
types, yielding an overall total of 768 word tokens. Those loanwords were selected based on their
mention in previous research on Maxakali, including Gudschinsky, Popovich and Popovich
(1970), Aratijo (2000), and Wetzels (2009). In some cases, we asked  speakers to give us
words in the same semantic field as other ones. We note that not every speaker produced a
loanword adaptation for every form (e.g. some produced fully native neologisms, such as kondag
axi-nd ax (water cool-CAUS NM2) for ‘fridge’, pip xo-nix (metal point-two) for ‘scissors’ and a-yiy
ax d-xape pu (2sg-talk NMz 2sg-relative DAT) ‘cellphone’). For phonological adaptations where

the speaker knew the loanword in Maxakali, coding of each segment as nasal or oral was
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performed by the first author, a native speaker of BP with extensive practical experience in

monolingual Maxakali communities.

As an overview, we found a wide range of adaptation strategies (as highlighted by
underlining below):

(6) a. Gain of nasality on vowel: BP martelo [mah telo] > Mxk [mahteg] ‘hammer’
b. Loss of nasality on consonant: BP canivete [kani'velfi] > Mxk [kidi beg] ‘pocket-
knife’

c. Gain of nasality on consonant: BP ta devendo [tade vénu] > Mxk [tade ' mg3] ‘to

owe’

d. Maintenance of disagreeing CV: BP Belo Horizonte [belori'zoffi] > Mxk
[bedadi' d30i3] ‘Belo Horizonte’

e. Variability in extent of harmony: BP flamengo [fla'mégu] > Mxk [pana m&j],

[pana ' m&j], [pada ' maj] ‘flamengo (soccer team)’

f. Spontaneous nasalization (without an obvious source): BP Oliveira [oli'vera] > Mxk

[Uni beq] ‘proper name’; BP agucar [a'sukoh] > Mxk [2'fok] ‘sugar’

We report on these trends in quantitative and graphical format in the next section, before turning

to the MaxEnt analysis.

3. Overview of corpus patterns

In this section, we provide an overview of some of the main patterns found in the corpus of
loanwords. Given the extensive MaxEnt analysis in section 4, we do not provide an exhaustive
statistical analysis for every possible comparison in this section. However, we report Fisher’s

exact tests for particular comparisons of interest.?
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3.1. Nasality agreement by domain

First, we consider the strength of the nasality agreement restriction within different prosodic
domains. Figure 1 shows the proportion of adjacent consonant-vowel pairs (voiced sounds only)
that agree in nasality in Maxakali within three domains—VC within a rhyme, CV within a
syllable, and V.C across syllables—separated according to whether they agree or disagree in
nasality in the Portuguese source form.

The first observation that we can make is that nasality agreement is absolute
within the rhyme, regardless of whether there was agreement in the Portuguese source word,
whereas agreement outside if the thyme is not absolute.” Second, adjacent sounds that already
agree in Portuguese usually continue to agree in Maxakali in all three domains; however, for
adjacent sounds that disagree in nasality in Portuguese, there is often a change in nasality such
that they agree in Maxakali. The likelihood of agreement depends on the domain: a vowel and
coda within a rhyme always agree (100%; e.g. Mxk [ 'b3dj]‘bank’ < BP ['bakv]), a vowel and
onset within a syllable agree somewhat less often (76%; e.g. Mxk [kama'douj] ‘horse’, < BP
[ka'valv]), and an adjacent vowel and onset in separate syllables agree even less often (42%; e.g.
Mxk [dzi.ng3] ‘window’ with agreement < BP [3a'nela], vs. Mxk [1jtadzu.nig] ‘USA’ without
agreement < BP [istadzu nidus]; the appendix contains a full list of adaptations, including
interspeaker variability, which includes cases of VC (dis)agreement). Fisher’s exact tests support
this stepladder effect, showing a significant difference between the VC group and the CV group
(p <.001) and a significant difference between the CV group and the V.C group (p <.001). Thus,

we see a hierarchy of domains when it comes to the strength of the nasality agreement restriction:
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within rhyme > within syllable > across syllables (where > denotes having a stronger agreement

restriction).

[INSERT FIGURE 1 HERE]

3.2. Nasality by position within the word

Next, we consider how position within the word affects the likelihood that onsets and vowels will
remain faithful in nasality to the Portuguese source word. We set aside codas here because, as we
have already seen, codas always agree in nasality with the nucleus in Maxakali. Figure 2 shows
the proportion of vowels and onset consonants that remain faithful in nasality, separated by
syllable position within the word (initial, medial, or final) and the nasality of the sound in
Portuguese. Monosyllabic words were included in both the initial and final groups in the plot.
First, we see that word-initial onsets are always faithful in nasality to the Portuguese source
word, regardless of whether they are oral or nasal (e.g. Mxk [b3y] ‘bank’ < BP ['baku]; Mxk
[mii'tea] ‘girl’ < BP ['mosa]). This absolute pattern suggests a strong effect of word-initial
faithfulness. Second, we see that nasality is more likely to be preserved than orality, especially in
vowels. In all syllable positions, nasal vowels are more faithful than oral vowels (initial, p <.001;
medial, p =.006; final, p <.001). In non-initial syllables, nasal vowels in Portuguese in fact

always remain nasal in Maxakali in our sample (e.g. Mxk [nii'b&f] ‘November’ < BP [no'vébru])
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whereas oral vowels sometimes become nasal (e.g. Mxk [he"' mg3] ~ [heé ' me3] ‘medicine’ < BP

[he ' medzu]).

[INSERT FIGURE 2 HERE]

In initial syllables, there is a notable decline in faithfulness for vowels compared to medial
and final syllables, which holds for both nasal and oral vowels (initial vs. medial nasal vowels, p
=.005; all others, p <.001). However, a closer look at initial syllables suggests that the pattern is
more nuanced in this position. Figure 3 shows only vowels in initial syllables according to the
type of onset and the nasality of the source vowel in Portuguese. We see that nasal vowels in the
initial syllable of Portuguese words always retain their nasality in our sample, unless they are
preceded by a voiceless onset, where they sometimes become oral (e.g. Mxk [kuputa'do]
‘computer’ < BP [kdputa'doh]).!? Strikingly, oral vowels in the initial syllable often
spontaneously become nasal in Maxakali even in the absence of any onset (e.g. Mxk [2'guj]
‘August’ < BP [a'gostu]), though they usually remain oral when preceded by a voiced oral
consonant. When preceded by a nasal onset, oral vowels in the initial syllable become nasal

without exception in our sample (e.g. Mxk [mé'dza] ‘table’ < BP [ 'mez2]).

[INSERT FIGURE 3 HERE]

Figure 4 takes a closer look at initial-syllable vowels preceded by voiceless consonants. We
see a clear difference depending on whether the vowel is also followed by a voiceless consonant
(meaning it is flanked on both sides by voiceless consonants) and whether it is followed by some

other consonant. If the vowel is flanked on both sides by voiceless consonants, there is a strong
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tendency for it to be oral in Maxakali, regardless of whether it was oral or nasal in Portuguese

(e.g. Mxk [ku'pag] ‘compadre’ < BP [kii 'padri] vs. Mxk [kd'gqj] ‘yoke’” < BP [k3'gaka]). The
same preference does not hold when some other consonant follows (p <.001, for both oral and
nasal vowels).

Taken together, these observations suggests that several pressures influence the likelihood
that sounds will be realized as nasal in initial syllables, in addition to the general preference for
adjacent sounds to agree in nasality: a strong preference for faithfulness in word-initial sounds
(especially consonants), an overall preference for nasality in the initial syllable (especially for

vowels), and a preference for oral vowels to occur between two voiceless consonants.

[INSERT FIGURE 4 HERE]

3.3. Nasality by stress

Figure 5 shows the proportion of vowels that are faithful in nasality to the Portuguese source
form according to whether they are stressed (in Maxakali) or not stressed (either in Maxakali or
in the Portuguese source form). Portuguese oral vowels behave similarly whether or not they are
stressed (p = .37, non-significant), but for nasal vowels, we see a large difference in the
likelihood that nasality will be maintained depending on stress (p <.001). Portuguese nasal
vowels that end up in the stressed syllable in Maxakali always retain their nasality in our sample,
whereas if they are not stressed, they often lose their nasality. Note that because stress always
occurs on the final syllable in Maxakali, it is difficult to know for sure whether this effect is due
to stress or due to word position. It is also worth noting that although the location of stress in

Portuguese can vary, it is common for the stressed syllable in Portuguese to become the stressed
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syllable in Maxakali due to truncation, e.g. Mxk [nii'b&] ‘November’ < BP [no'vébru]) (see
Section 1). There are cases where there is a mismatch between the stressed syllable in Portuguese
and the stressed syllable in Maxakali (e.g. Mxk [mé&'dza] ‘table’ < BP [ 'mez3]), but such cases
were rare in our sample. Thus, it is difficult to be certain whether the effect is due to the vowel

being stressed in Maxakali or due to it being stressed in the Portuguese source word (or both).

[INSERT FIGURE 5 HERE]

3.4. Nasality by place and manner of articulation

Table 1 shows the proportion of onsets that remain faithful in nasality to the Portuguese source

form, according to their place and manner of articulation. Dorsal nasals are not allowed as onsets

in either Maxakali or Portuguese, so dorsals are always oral in this position.!! In terms of place of
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articulation, labial consonants are the most likely to have a change in nasality, particularly from

oral to nasal. Coronals and palatals are less likely to change their nasality compared to labials.

[INSERT TABLE 1 HERE]

3.5. Summary of patterns in the corpus

To summarize, we find the following broad patterns in the Maxakali loanword corpus collected:

1. Domain-based nasal agreement: There is absolute agreement in nasality within a rhyme.
Nasality agreement within the syllable is stronger than across syllables.

2. There is a broad preference to preserve nasality, particularly in vowels and particularly in
the stressed syllable.

3. There is a general preference to have a nasal vowel in the first syllable, especially if there
is no onset.

4. Nasal vowels are avoided between two voiceless consonants.

5. Word-initial consonants always preserve the nasality or orality of their correspondent in
Portuguese.

6. Labial consonants are more likely to be nasalized than other consonants.

Given that multiple (sometimes opposing) pressures appear to influence loanword adaptation in
Maxakali, these data call for computational modeling within a formal probabilistic framework.
This approach provides us with a more explicit way to determine how much evidence is sufficient
for a given constraint to be considered as holding in the adaptation process. To answer this, one

needs statistical evaluation of the work done by proposed constraints, some of which combine
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additively (see Halle & Keyser 1971: 176 for an early proposal) to determine the degree of
wellformedness of a given loanword adaptation (relative to the alternatives). MaxEnt modeling
provides a way of diagnosing, for instance, when a particular grammatical pressure is better
conceived as a combination of two constraints, and it provides a way to decide between two
overlapping constraints that can partially account for the same data, where one constraint might
indeed render the other unnecessary. Finally, it allows one to figure out when a given analysis for
loanwords undergenerates or overgenerates (used by Hayes, Wilson & Shisko 2012 for constraint
sets proposed for metrical wellformedness of Shakespeare & Milton). We now turn to our

analysis of the data in a MaxEnt framework.

4. MaxEnt analysis of Nasal Harmonization

In this section, we first provide an overview of MaxEnt grammars, justifying their applicability to
Maxakali loanword adaptation, and the procedure for selecting constraints through statistical
model comparison. We then give an overview of the constraints that were put into the initial
model. Lastly, we conclude with the set of constraints that were maintained in the final model

and what they reveal about the relative strength of competing generalizations.

4.1. MaxEnt grammars

A MaxEnt grammar is a type of Harmonic Grammar (Legendre et al. 1990, Smolensky and
Legendre 2006). Each constraint in the grammar is associated with a numerical weight. Output

candidates are evaluated by taking the sum of the weighted violations that they incur across all
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constraints. This evaluation method means that MaxEnt grammars, like other varieties of
Harmonic Grammar, have the ‘ganging up’ property, whereby the combined violations of one or
more weaker constraints can overpower a stronger constraint (Hayes and Wilson 2008, Pater
2009). Notably, MaxEnt grammars are probabilistic; after the weighted violations are summed,
rather than selecting a single candidate as the winner, the EVAL component generates a
probability distribution over all possible candidates for a given input. The probability of an output
form is calculated by raising e (the base of the natural logarithm) to the negative summed
weighted violations for the candidate, and then dividing by the total across all candidates for that
input. This is what allows the model to capture variability in the output (e.g. Mxk [ij pua ] ~ [ij"
pug ] ‘spur’ <BP [is'pora]). For in-depth overviews of MaxEnt grammars, see Goldwater and
Johnson 2003, Hayes and Wilson 2008, and White 2013, 2017.

In our case, the MaxEnt framework provides a way of modeling the competing pressures on
loanword adaptation, and it allows us to determine whether each constraint is statistically
warranted in the model by submitting individual constraints to statistical testing. As such, we can
avoid overfitting by only including constraints that are statistically justified given the data
(Hayes, Wilson & Shisko 2012). Of greatest interest, discussed below, is finding out, among a
host of potentially relevant factors encoded as probabilistic constraints within the model of
loanword adaptation, which constraints actually do the most work in terms of explanatory

coverage.

4.2. Input forms and output candidates

We used the Portuguese source word as the input form to the grammar. However, given that our

interest is in nasality, we simplified by abstracting over several aspects of the adaptation not
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directly related to nasality, including insertions, deletions, and truncations. In cases where
segments were inserted or deleted, we took the input form to already have one correspondent for
every segment in the observed Maxakali form. For example, for the Maxakali form [pana' m&j]
‘Flamengo (soccer team)’, from Portuguese [fla'm&€gu], we used the input form /falamé&g/, which
already takes into account the epenthetic vowel and the truncated final vowel. We considered
prenasalized oral stops to be oral for the sake of modeling (e.g. in Mxk [°gahaf}] ~ [ga'haf}]
‘bottle’ < BP [ga'hafs], we treated [?g] as [g]).

For each input form, we created a set of output candidates by varying whether each voiced
segment (consonant or vowel) was oral or nasal. Final voiceless segments were assumed to
become oral or nasal (voiced) glides in Maxakali; in all other positions, voiceless segments in the
input were assumed to remain voiceless (and therefore oral) in the output.'? Using the same
example as above, the Maxakali form [pana m&j] was represented as an output candidate as
[TVNV'NVN], where T is a voiceless consonant, V is a nasal vowel, and N is a nasal (voiced)
consonant. This form was just one of the many output candidates considered for the input
/falam&g/. With two options (oral or nasal) for each voiced segment, the number of output
candidates considered for a given input was 2", where » is the number of voiced segments. Thus,
for /falam&g/, the model considered 2° = 64 output candidates. Though we did not directly model
changes in place of articulation or manner (other than nasality), the model maintained this
information in both the input and output forms, such that it could be referenced by constraints

(e.g. faithfulness constraints specific to certain places of articulation, see below).
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4.3. Implementation

The observed output forms (Maxakali forms) were transcribed manually from audio recordings
by a native speaker of Portuguese (the first author), and appropriate input forms were manually
created for each of the observed outputs. We then created a Python script, which when given the
list of input/output pairs, automatically (a) generated the set of output candidates for each unique
input, (b) assigned violations to each output candidate, referencing the input form where
appropriate, and (c) counted how many times each output candidate was observed in the corpus.
We then used the MaxEnt Grammar Tool to run the MaxEnt models.'* The MaxEnt Grammar
Tool includes a Gaussian smoothing prior (see Goldwater & Johnson 2003); we used the default
values for the prior (u = 0 and o = 100000 for all constraints), which means that the prior had

very little effect on the weights learned.

4.4. Model comparison and constraint selection

We wanted to limit the a priori assumptions that we made about which constraints should be
used to account for the data patterns. Therefore, we took the approach of including a large variety
of constraints in an initial grammar, then using statistical model comparison to remove
constraints that did not improve the model’s fit to the data. Following Hayes, Wilson and Shisko
2012, we used likelihood ratio tests for the model comparison. The likelihood ratio test compares
two models, where one model has a subset of the constraints included in the second model, and it
determines whether the additional constraints improve the model’s fit by a sufficient amount to

be statistically warranted.
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To find the best grammar, we used backwards stepwise comparison (i.e. a ‘top-down’
approach, as per the term used by Hayes, Wilson and Shisko 2012). We started with an initial
grammar that contained all of the constraints that we considered. We first removed all constraints
that received a weight of 0 in this initial grammar; these constraints could not possibly result in
an improvement to the model’s fit.'* With the remaining constraints, we then removed one
constraint at a time and compared the simpler model to the full model using a likelihood ratio test
to gauge the extent to which each constraint improved the model’s fit. The constraint that resulted
in the least improvement to the model was then removed, and a new set of likelihood ratio tests
was used to evaluate each of the remaining constraints. We continued this process, removing one
constraint at a time, until all remaining constraints significantly improved the model’s fit at an
alpha level of .05.1> At this point, we added each of the previously excluded constraints back into
the final model one at a time to confirm that none of these constraints significantly improved the
final model. We also added the full group of excluded constraints to the model at once (except
those assigned a weight of 0) to confirm that the final model was indeed a better model than the
initial model that we started with.

Likelihood ratio tests can only compare two models in a subset relationship, so this method
is unable to compare two models with distinct sets of constraints. For instance, it is possible that a
single more general constraint can do most of the work of two different specific constraints, a fact
that can be obscured when only one constraint is removed from the model at a time. In cases
where we suspected this might be the case, we compared the two models using two other
measures of model fit that take into account the number of parameters, the Akaike Information
Criterion (AIC) and the Bayesian Information Criterion (BIC). If the alternative model turned out
to have a better AIC and BIC, then we used that model instead, and then continued with the

backwards stepwise comparison using likelihood ratio tests. This occurred once in reaching the
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final model below. Note that in all cases where we relied on likelihood ratio tests to make
decisions about reducing the model, the AIC and BIC were also in agreement with the likelihood
ratio tests.

Taking a statistical approach to constraint selection has two benefits (see also Hayes, Wilson
& Shisko 2012). First, it provides a way to determine whether there is sufficient evidence in the
data for a given constraint to be included in the model. To reach significance in the likelihood
ratio test, a constraint must cause a sufficiently large increase in the likelihood of the data. The
constraints can accomplish this either (a) by accounting for a subtle effect that is relevant to a
large portion of the data, or (b) by accounting for a robust pattern, even if it is relevant only to a
small subset of the data. A second benefit is to help in diagnosing when multiple constraints can
account for the same pattern and selecting which constraint(s) to keep. If two constraints can
account for the same aspect of the data, the model comparison process will determine whether
both constraints are needed to account for the data, or whether just one is warranted. Constraints
that have more general applicability and ones with fewer exceptions will be preferred over

constraints that are highly specific or have many exceptions, all else being equal.

4.5. Overview of constraints included in the initial grammar

We included a total of 50 constraints in the initial grammar, keeping in mind that it is just as
interesting to see which constraints were kept as to see which constraints were not kept in the
end. In deciding upon the constraints to include, we considered previous accounts of Maxakali
nasal harmony, our own investigation of the data in the corpus, and other factors that we thought

might be relevant. We summarize the constraints below.
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4.5.1. Markedness constraints

We included 14 markedness constraints in the initial grammar. The first set of constraints
enforces local agreement in nasality, meaning that only adjacent segments need to be considered
in evaluating the constraint. These are formalized as AGREE[F] constraints (Pulleyblank 1997,

Lombardi 1999, Bakovi¢ 2000), defined in (7).

(7) AGREE[F]: Assigns one violation for each pair of adjacent segments that have different

values for the feature [F].

In addition to the general AGREE[nasal], we also include four specific versions of the constraint

that apply only in certain contexts. These are listed in (8).

(8) Constraints enforcing local agreement in nasality

a. AGREE[nasal]

b. AGREE[nasal]vcp (applies to voiced sounds only)

c. AGREE[nasal]-SYLL (applies only within a syllable)

d. AGREE[nasal]vep-SYLL  (applies only to voiced sounds within a syllable)

€. AGREE[nasal]-RIME (applies only within a rhyme)

AGREE[nasal]vcp 1s a specific version of the constraint that only considers voiced segments;
thus, the first two segments of the Maxakali form [pli'ndj] ‘FUNAI (National Agency for

Indigenous Affairs)’ (< BP [fu'nai]) violate AGREE[nasal] but not AGREE[nasal]vcp. (8c-¢) are
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versions of the constraint restricted to specific prosodic domains. AGREE[nasal]-SYLL applies to
adjacent segments that are within the same syllable. Given the syllable structure of Maxakali, this
constraint is violated when there is a mismatch in nasality between a nucleus and its onset or a
nucleus and its coda, but not when there is a mismatch, for instance, between a nucleus and the
onset of the next syllable. For instance, the form [ka.ma. douj] ‘horse’ (< BP [ka'valv]) contains
two violations of AGREE[nasal], but zero violations of AGREE[nasal]-SYLL because the two
mismatches in nasality span syllable boundaries ([a.m] and [4.d]). AGREE[nasal]vcp-SYLL is a
version that only evaluates adjacent voiced segments that are within the same syllable (i.e. it
combines the restrictions in (8b) and (8¢)).'® Finally, AGREE[nasal]-RIME is restricted to the
rhyme constituent, and thus is only violated when there is a mismatch between a nucleus and its
coda.!” One may note that a violation of AGREE[nasal]-RIME will always entail a violation of
AGREE[nasal]-SYLL, which will itself always entail a violation of AGREE[nasal]. With this nested
constraint set, it is guaranteed that a violation of AGREE[nasal] within a given domain will be
penalized at least as much as a violation across the domain boundary (e.g. a violation within a
syllable will be penalized at least as much as a violation across syllables).

We included three constraints motivating nasal harmony between syllables, shown in (9).
These constraints assume an autosegmental tier (or some comparable representation) in which
only the vowels are projected (Goldsmith 1979). The first constraint is a version of AGREE[nasal]
that is evaluated only on the vowel tier. The other two are directional alignment constraints

(Kirchner 1993, Archangeli & Pulleyblank 2002).

(9) Constraints motivating nasal harmony across syllables
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a. AGREE[nasal]vrir (restricted to vowel tier)

b. ALIGN[nasal]-L Assigns one violation for each vowel separating a
feature [nasal] from the left edge of the word.

c. ALIGN[nasal]-R Assigns one violation for each vowel separating a

feature [nasal] from the right edge of the word.

AGREE and ALIGN constraints have distinct properties when it comes to harmony (e.g. see
Archangeli & Pulleyblank 2002, Finley 2008). AGREE constraints are symmetrical (motivating
bidirectional spreading). They also have the ‘sour grapes’ property, which means that harmony
will only occur if it is complete because partial spreading does not provide any improvement. On
the other hand, ALIGN constraints are directional (motivating spreading in a single direction) and
gradient, which means that the closer nasality can spread to the left (or right) edge of the word,
the greater the improvement. We included both types of constraints so that the model could retain
whichever provided the best fit to the data.

The final set of markedness constraints penalizes having nasality or orality in specific
positions, motivated by our observations from the corpus data given in Section 3. We included
one set of constraints that motivate having nasality within prominent positions, given in (10). We

discuss the (partially language-specific) motivation for such constraints in Section 5.2.
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(10) Constraints promoting nasality in prominent positions

a. *Vora-01 (penalizes oral vowels in the first syllable)
b. *#VoraL (penalizes word-initial oral vowels)
c. ™Vopa-'0 (penalizes oral vowels in the Mxk stressed syllable)

We also included a set of constraints that penalizes nasal vowels next to voiceless consonants,
shown in (11). These constraints penalize a subset of the cases that the general AGREE constraints
(the ones not limited to voiced segments) penalize. These were included because the data
suggested a tendency for vowels to lose nasality (which is otherwise rare) specifically when
surrounded by voiceless consonants. As mentioned above, constraints are additive in Harmonic
Grammars, and the model selection process allows us to determine which of the partially

overlapping constraints best account for the data, either individually or additively.

(11) Constraints penalizing nasal vowels adjacent to voiceless consonants

a. *TV (penalizes nasal vowels preceded by voiceless
consonants)
b. *#TV (penalizes nasal vowels preceded by voiceless

consonants at the beginning of the word)
c. *TVT enalizes nasal vowels between two voiceless
p

consonants)
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Summarizing, the markedness constraints included ones that motivated nasal agreement and ones
that promoted or penalized nasality in particular positions. We now turn to the faithfulness

constraints introduced into the model.

4.5.2. Faithfulness constraints

We included a total of 36 faithfulness constraints (Prince & Smolensky 2004[1993], McCarthy &
Prince 1995) in the initial grammar. Given that we take the Portuguese form as the input form,
the relevant correspondence relationship being evaluated by these faithfulness constraints is
between the source word in Portuguese (as interpreted by Maxakali speakers) and the borrowed
surface form in Maxakali (see Smith 2009). All of the faithfulness constraints fall into two
general classes, IDENT and MAX. IDENT(nasal) is violated whenever a segment has a different
value of [nasal] in the Maxakali surface form than in the input form (i.e. in Portuguese).
MaX(nasal) is violated only by a loss of nasality from the input form to the output form.!® The
use of MAX, in addition to IDENT, is motivated by the observation that Maxakali speakers tend to
maintain nasality already present in Portuguese when borrowing words, particularly in certain
positions.

In addition to general IDENT(nasal) and MAX(nasal), we included versions of each constraint

that apply specifically to consonants or vowels. These are shown in (12).
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(12) General Faithfulness constraints
a. IDENT(nasal)

b. MaAX(nasal)

c. IDENT(nasal)-C

(applies only to consonants)
d. MaAX(nasal)-C

e. IDENT(nasal)-V
(applies only to vowels)
f. MaAX(nasal)-V

We also included several positional faithfulness constraints (e.g. Beckman 1997, 1998, Casali
1997, Becker et al. 2012), which enforce the correspondence in nasality between input and output
forms in specific prominent positions. We added constraints for all positions where we suspected
there might be greater faithfulness, including onsets, word-initial position, stressed syllables (in
both Maxakali and Portuguese), and combinations of these positions (e.g. stressed onsets). The
full list of positional faithfulness constraints included in the initial grammar is given in (13). Note
that Maxakali stress always occurs on the final syllable, so a constraint enforcing faithfulness
within the Maxakali stressed syllable is equivalent to one enforcing faithfulness within the final

syllable.

(13) Positional faithfulness constraints

a. IDENT(nasal)-ONSET
(applies only to onsets)
b. MAX(nasal)-ONSET

e. IDENT(nasal)-WORDINITIAL
(applies only to word-initial position)
f.  MAX(nasal)-WORDINITIAL
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g. IDENT(nasal)-STRESSEDSYLLwmxk (applies only within the Maxakali

h.  MAX(nasal)-STRESSEDSYLLwmxk stressed syllable)

i.  IDENT(nasal)-STRESSEDVmxx (applies only to the vowel of the
J- MAX(nasal)-STRESSED Vmxk Maxakali stressed syllable)
k. IDENT(nasal)-STRESSEDONSETmxk (applies only to the onset of the
l.  MAX(nasal)-STRESSEDONSETwmxx Maxakali stressed syllable)
m. IDENT(nasal)-STRESSEDSYLLsource (applies only within the Portuguese
n. MAX(nasal)-STRESSEDSYLLsource stressed syllable)

0. IDENT(nasal)-STRESSEDVsource (applies only to the vowel of the
p.  MaAX(nasal)-STRESSED Vsource Portuguese stressed syllable)
q- IDENT(nasal)-STRESSEDONSETSource (applies only to the onset of the
r.  MAX(nasal)-STRESSEDONSETSsource Portuguese stressed syllable)

Finally, we included faithfulness constraints that apply specifically to segments with certain
places of articulation (14) or manners of articulation (15). Note that MAX is not relevant in the
case of most manners of articulation, as it would only apply if the input segment were already
nasal. Because MAX(nasal)-C already accounts for cases that would be covered by IDENT(nasal)-

NASAL, the latter is not included.
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(14) Faithfulness constraints for specific places of articulation

a. IDENT(nasal)-LABIAL
(applies only to labials)
b. MaAX(nasal)-LABIAL

c. IDENT(nasal)-CORONAL
(applies only to non-palatal coronals)
d. MaAX(nasal)-CORONAL

e. IDENT(nasal)-PALATAL
(applies only to palatals)
f.  MAX(nasal)-PALATAL

g. IDENT(nasal)-DORSAL
(applies only to dorsals)
h. MaAX(nasal)-DORSAL

(15) Faithfulness constraints for specific manners of articulation

a. IDENT(nasal)-PLOSIVE (applies only to input plosives)
b. IDENT(nasal)-FRICATIVE (applies only to input fricatives)
c. IDENT(nasal)-LIQUID (applies only to input liquids)

d. IDENT(nasal)-RHOTIC (applies only to input rhotics)

e. IDENT(nasal)-GLIDE (applies only to input glides)

f.  MAX(nasal)-GLIDE (applies only to input glides)

4.6. Final grammar

Through model comparison, we saw a reduction from 50 constraints in the initial grammar to 19

constraints in the final grammar, including 7 markedness constraints and 12 faithfulness
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constraints. The constraints in the final grammar are provided in (16). The p-value reported for
each constraint comes from a likelihood ratio test comparing the final model to a simpler model
in which the constraint in question was removed. In other words, it reflects whether including the
constraint in the final model provides a significant improvement to the model’s fit to the data.
The weight assigned to each constraint generally corresponds to how exceptionless the constraint
is in the corpus: higher weights are assigned to constraints with few exceptions, lower weights to
constraints with many exceptions. Recall that a constraint with even a fairly low weight can reach
significance in the model if the constraint has wide applicability (i.e. by being relevant to many
forms in the corpus), whereas a constraint with a high weight might not reach significance if it

explains only a couple of forms or if other more general constraints can explain the same data.

(16) Constraints in final grammar

MARKEDNESS CONSTRAINTS
Constraint Weight p-value
a.  AGREE[nasal]vcp 1.47 <.001
b.  AGREE[nasal]-SYLL 1.68 <.001
c.  AGREE[nasal]-RIME 12.20 <.001
d. ALIGN[nasal]-R 0.71 <.001
€.  *Vora-01 1.76 <.001
f.  *#VoraL 12.79 <.001
g.  *TVT 1.21 <.001
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FAITHFULNESS CONSTRAINTS

Constraint Weight p-value
h.  MAX(nasal)-V 1.54 <.001
i.  IDENT(nasal)-WORDINITIAL 12.41 <.001
J- MAX(nasal)-STRESSEDSYLLwmxx 2.27 <.001
k.  MAX(nasal)-STRESSED Vmxk 12.16 <.001
l.  IDENT(nasal)-CORONAL 2.03 <.001
m. IDENT(nasal)-PALATAL 2.74 <.001
n.  IDENT(nasal)-DORSAL 13.20 <.001
0. IDENT(nasal)-PLOSIVE 1.03 <.001
p. IDENT(nasal)-FRICATIVE 0.81 <.001
q- IDENT(nasal)-RHOTIC 1.09 <.001
r.  IDENT(nasal)-GLIDE 2.84 <.001
s.  MAX(nasal)-GLIDE 10.17 .02

We turn to a discussion of which constraints were retained in the final model, and where

relevant, which ones were not. We also discuss what the analysis means for our understanding of

Maxakali phonology.

5. Discussion

5.1. Nasal agreement
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The domain-based hierarchy for nasal agreement that we saw above (Section 3.1) is reflected in
the three local agreement constraints, (16a-c). AGREE[nasal]-RIME receives a large weight
(12.20), reflecting the fact that nasal agreement is absolute within the rhyme. Outside of the
rhyme, nasal agreement is not absolute, so AGREE[nasal]vcp and AGREE[nasal]-SYLL receive
more modest weights (1.47 and 1.68, respectively). Recall that these weights are additive, so the
sequence [ma] would violate both AGREE[nasal]vcp and AGREE[nasal]-SYLL (for a total of 3.15)
whereas the sequence [a.ma] would violate only AGREE[nasal]vcp (for a total of 1.47) since the
agreement violation does not involve two segments within a syllable.

The general AGREE[nasal] constraint was restricted to voiced sounds whereas the version
applying within a syllable was not. This difference suggests that voiceless sounds are more likely
to motivate the presence of an oral vowel within a syllable compared to across syllables. Of the
markedness constraints specifically banning nasal vowels next to voiceless consonants, only
*TVT was retained in the final grammar, consistent with our observation (Section 3.2) that nasal
vowels are avoided in Maxakali when flanked on both sides by a voiceless consonant. Indeed,
despite the general preference to maintain nasality on vowels in Maxakali, we see that nasal
vowels are often denasalized when a voiceless consonant occurs on both sides (e.g. Mxk
[kuputa’'do] ‘computer’ < BP [kdputa'doh]). Phonetically, the constraint could be motivated by
the articulatory difficulty of TVT sequences; they require lowering and rapidly raising the velum,
while also maintaining a precise timing for the beginning and end of voicing (for a similar
account of the *NC constraint, see Huffman 1993, Pater 2004).

Constraints motivating nasal harmony between syllables played little role in the final
grammar. In fact, ALIGN[nasal]-L and AGREE[nasal]vrer received O weight in the initial model,
indicating that they play no role in explaining the data. The 0 weight for ALIGN[nasal]-L is

particularly noteworthy given that it represents the intuition expressed in work such as Rodrigues
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(1981), which assumes leftward spreading of nasality across the word. ALIGN[nasal]-R was
retained in the final grammar, but it was assigned a fairly low weight, suggesting that it plays a
small role, at best, in determining the nasality of vowels.

Overall, we conclude that nasal agreement in Maxakali is driven primarily by local

agreement, with stronger agreement within smaller prosodic domains.

5.2. Initial syllables, faithfulness and a general preference for nasality

Word-initial consonants always retain the nasality/orality of their correspondent in the Portuguese
source form. In our corpus, this is an absolute restriction, which is reflected in the high weight of
IDENT(nasal)-WORDINITIAL (12.41). This restriction appears to be faithfulness in a particularly
salient position, the initial onset of the word (Beckman 1997, 1998); presumably this position is
especially salient in terms of making the borrowed form sound like the source form.

Beyond the initial consonant, there seems to be a general preference in Maxakali for
having nasality within the initial syllable. Vowels in word-initial position are very likely to be
nasal in Maxakali, whether or not they are nasal in the source form. In fact, we find many cases
where there is spontaneous nasalization of initial vowels, meaning a word-initial oral vowel in
Portuguese becomes nasalized in Maxakali even without other sources of nasality in the word
(e.g. Mxk [2'guj] ‘August’ < BP [a'gostu]). As a result, *#VoraL receives a very high weight
(12.79), which is necessary to offset the high weight of IDENT(nasal)-WORDINITIAL. In terms of
explaining the motivation for this constraint, there are two extant possibilities. One, proposed by
Rodrigues (1986) (and further developed in Sandalo & Abaurre 2010 for Pirahd and Fujimura
2010 for Kaingang) is that a lowered velum is a default articulatory setting in Maxakali (and

perhaps more broadly in lowlands South American indigenous languages), accounting for the
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widespread phenomena of obstruent prenasalization as well as spontaneous nasalization. The
second possibility is that onsetless vowels, particularly in the initial syllable, can achieve
increased prominence by adding nasality (a strategy sporadically found for onsetless initial
vowels in BP as well, e.g. [T gre39] ‘church’, cf. standard [i'gre39]; Pinheiro 2019, though
Pinheiro’s sample does not include such nasalization in any of the source words that undergo
spontaneous left-edge nasalization in Maxakali). Either explanation could motivate the strength
of *#VoraL.

An exception to the pattern of nasalizing vowels in the first syllable is found when an initial
oral vowel in Portuguese is followed by an oral coda; these vowels often remain oral in Maxakali,
despite being word-initial (e.g. Mxk [i] pug] ~ [1] pug] ‘spur’ < BP [is pora]). Because nasal
agreement in rhymes is absolute, nasalizing the vowel in such cases requires additionally
nasalizing the coda glide, incurring a violation of IDENT(nasal)-GLIDE in addition to
IDENT(nasal)-WORDINITIAL.

Vowels in the first syllable that are not word-initial (because there is an onset) are also more
likely to be nasal compared to vowels in other positions, which is reflected by the moderate
weight of *Vorar-01i1n the final model. This may provide an instance of domain generalization
(Myers & Padgett 2014), in which a markedness constraint with strong phonetic motivation is
generalized to a prosodic domain covering a wider range of instances than the original
application, in this case of *#VoraL generalizing from word-initial vowels to all vowels in word-
initial syllables.

As mentioned above (Section 3.2), the one case where we see an orality preference in the
initial syllable is when the vowel is flanked on both sides by a voiceless consonant (e.g. BP

cinquenta [s1 kuéto] > Mxk [teiku'€3]; BP compadre [kii padrcr] > Mxk [ku'pag]; BP computador
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[kdputa'doh] > Mxk [kuputa'do]; BP Santa Helena [s3te'lena] > Mxk [teata 'ng3d]). Consistent

with this observation, *TVT is retained in the final model.

5.3. Privileged status of nasality in Maxakali

In general, we find that nasality tends to be preferentially preserved in Maxakali, especially in
vowels, whereas oral sounds frequently become nasal (see Section 3.2). This observation is borne
out by the fact that MAX(nasal)-V is retained in the final model rather than a general IDENT
constraint. Furthermore, we see that nasality is especially privileged in the Maxakali stressed
syllable, where nasal vowels are preserved without exception in our corpus (hence the high
weight of 12.16 for MaX(nasal)-STRESSEDVuixk).!” The nasality of stressed nasal onsets also
tends to be preserved, but to a lesser degree; hence MAX(nasal)-STRESSEDSYLLwmxx 1s retained
with a modest weight in the final model.

As mentioned in Section 1, it is ambiguous based on the native Maxakali vocabulary whether
the nasality contrast is carried on the consonants or vowels in Maxakali. Based on the loanword
data, however, we can surmise that Maxakali speakers traditionally interpreted the contrast as
being on the vowel. This would explain why vowels (and especially stressed vowels) are more
likely to maintain their nasality than consonants. Still, in cases where loanwords are realised with
nasal disagreement, it provides limited evidence for a nasality contrast in both consonants and
vowels. As more and more loanwords are borrowed into Maxakali, we can imagine that a system
in which nasality is fully contrastive in consonants and vowels might slowly develop (or might

develop as a different stratum of vocabulary; e.g. Itd & Mester 1995, Smith 2018).
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5.4. Place and manner effects

Several faithfulness constraints specific to certain places and manners of articulation are retained
in the final model. These primarily mirror the patterns recorded in Table 1 above: places or
manners that are more likely to change receive lower weights than those that are less likely to
change. The constraint IDENT(nasal)-VELAR is assigned a very large weight due to the fact that
[n] is not allowed in onset position in Maxakali, so any onset [g] from Portuguese is certain to
remain oral. The constraint could be represented as a markedness constraint, *1 in onsets, with
the same effect.

At least some of these place and manner constraints might be better conceived as constraints
penalizing large changes as opposed to small changes (Steriade 2009; White 2014, 2017). For
instance, [d] might be more likely to nasalize than the rhotic [r] because it is more similar to [n],
making it a less extreme change. Working out a precise account according to similarity is beyond

the scope of this paper; here, we merely point it out as a possible alternative.

5.5. Effects across gender and age groups

The type of variability observed in loanword adaptation lends itself to investigating the potential
role of demographic factors, such as age and gender, in conditioning the rates of repair strategies
such as denasalization or harmony; indeed, earlier work on Maxakali (Silva & Nevins 2014)
found a partial role of age in conditioning the variable process of consonant lenition. We did not
conduct a statistical analysis of nasalization and nasal harmony across the three demographic
groups that formed part of the data collection here because there was an unequal representation of

types across the various groups. However, for the sake of potential relevance to future research,
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we wished to examine the rates of nasal agreement within each of the three domains (within the
rhyme, within the syllable, across syllables) across the three age groups. We found that elders are
more likely to have nasal agreement in borrowed words, both within syllables and across
syllables (see Table 2). The rates of nasal agreement are comparable between the adult and

youngster groups.

[INSERT TABLE 2 HERE]

These data suggest that that there has been a change in the willingness of speakers to tolerate
nasal disagreement outside of the rhyme domain; specifically, younger speakers and adults are
more likely to tolerate nasal disagreement than elder speakers. Put another way, younger speakers
are more likely to remain faithful to the nasality in Portuguese, even if that results in a sequence
that does not follow nasal agreement. The reason for this change could be greater exposure to
Portuguese; though even the younger speakers of Maxakali do not have bilingual fluency per se
in Portuguese, they do have greater exposure to Portuguese through media and other sources,
which may even reflect differences in attitude towards Portuguese lexical items. This increase in
exposure may have led to an enhancement in the degree of faithfulness to the Portuguese source
word for younger speakers. We found no reliable effects for gender.

Recall that as the data collection procedure was designed to elicit speakers’ adaptation of
particular Portuguese lexical items, not every speaker produced a loanword adaptation for every
form (e.g. some produced fully native neologisms, such as kondg dxi-na ax (water cool-CAUS
NMZ) for ‘fridge’, pip xo-nix (metal point-two) for ‘scissors’ and a-yiy ax d-xape pu (2sg-talk

NMZ 2sg-relative DAT) ‘cellphone’). As a result, the data sets were not perfectly controlled for the
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different age groups, and the comparison by age should be considered speculative. We leave it to

future work to carry out a careful investigation of this potential change across generations.

5.6. Summary: Which Constraints Remained

Recall that through model comparison, we saw a reduction from 50 constraints in the initial
model to 19 constraints kept in the final grammar, allowing one to see which version of a given
constraint best modeled the patterns across the loanword corpus. Thus, the version of
Agree(nasal) restricted to voiced segments favors nasalizing the vowel, whereas the version not
limited to voiced segments does not favor nasalizing the vowel (as doing so would just create a
new violation of Agree(nasal) within a TV sequence). In the data, nasalization is favored in such
sequences, e.g. Port. [doku ' mé&tu] > Mxk. [dukii'mé3], and these patterns constitute no violation

of Agree(nasal)vcp.

Of perhaps greatest interest is how the patterns of nasalization in loanword adaptation
may also help disambiguate between a host of distinct but converging models of nasal harmony
as applying in the native vocabulary, a conclusion that echoes work by Broselow et al 2012 and
Smith 2018, among many others. Recall, for example, that while several models can account for
nasalization harmony found in native vocabulary (by appeal to say ALIGN[nasal]-L), the MaxEnt
model found a domain-based stepladder effect for loanwords, with greater agreement in smaller
domains. While the model suggested a slight effect for ALIGN[nasal]-R, ALIGN[nasal]-L provided
no benefit. In a similar manner, our modeling revealed that oral consonants may be preserved
before nasal vowels (leading to the potential emergence of an oral/nasal contrast). In fact, this

converges with limited evidence in the native phonology with the diminutive suffix, which
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spreads nasality leftward, points in the same direction, e.g. [d30k] ‘straight’, dim: [d30ynan],
[dak] ‘dry’, dim.: [dannan]. The high-weighted constraint IDENT(nasal)-WORDINITIAL, regulating
source-loan identity, may have convergent origins from the native phonology itself in regulating
base-derivative identity in this case.

Finally, the result that *#VoraL induces spontaneous nasalization in loanwords may find
converging evidence in the overall rarity of onsetless oral vowels within the native phonology
itself, a trend that might go otherwise unnoticed. The preference for word-initial nasality both
within loanwords and the native vocabulary (e.g. the frequent prenasalization of word-initial
voiceless stops in Maxakali; see Wetzels & Nevins 2018) may reinforce the overall conclusion in
Rodrigues (1986) of a default articulatory position of a lowered velum as a language-specific
setting. Interestingly, these spontaneously-nasalized word-initial vowels can then induce left-to-
right harmony, counter to the trend previously posited for this language, but consistent with both

initial position and stressed (final) position being privileged loci for nasality.

6. Overall Conclusions
At the outset of this paper, we examined whether nasal harmony applied differentially across the
domains of rime, syllable, and the word in Maxakali. Our findings were that indeed, harmony
could be modeled as a local, segment-to-segment process, and one whose strength of application
increased within smaller domains. In terms of directionality, we found no overall right-to-left bias
in harmony, and if anything, a weak left-to-right tendency.

Maxakali speakers have strategies for introducing and maintaining nasality in loanwords
that depend on a host of factors, most importantly on vowels, in initial syllables, and in stressed
syllables. These results add to an overall body of findings on the importance of prominent

positions in maintaining contrasts (Beckman 1998, Smith 2002). Notably, other factors have
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weight as well, and specific versions of such constraints (e.g. *TVT vs *TV, or *Vorai-G1 Vs
*#VoraL) are arbitrated among, in terms of their degree of coverage and exceptions in an additive
model. The modeling revealed no gain from a constraint driving word-level leftward harmony in
loanwords, and indeed as there is no morphology or affixation involved in any of these
loanwords, this language has the potential to reveal ‘pure directionality’ effects. By extension we
may go far enough to conclude that no such constraint is needed in the native phonology; instead,
nasal harmony is pairwise-adjacent, with syllable-constituent internal versions that are more

strongly entrenched.
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[INSERT APPENDIX HERE]

Figure 1. Proportion of adjacent Maxakali consonant-vowel pairs that agree in nasality by
domain, according to whether they agree (left panel) or disagree (right panel) in nasality in the

Portuguese source form. Numbers on the bars show the total number of tokens in each group.

5

(VC = vowel and coda within a rhyme; CV = onset and vowel within a syllable; V.C = vowel and

onset across a syllable boundary)

Figure 2. Proportion of vowels and onsets that are faithful in nasality to the Portuguese source

form, according to syllable position and the nasality of the sound in Portuguese. Numbers on the

bars show the total number of tokens in each group.
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Figure 3. Proportion of vowels in initial syllables that are faithful in nasality to the Portuguese
source form, according to the type of onset and the vowel’s nasality in Portuguese. Numbers on

the bars show the total number of tokens in each group.

Figure 4. Proportion of vowels in initial syllables with voiceless onsets that are faithful in

nasality to the Portuguese source form, according to the type of following consonant. Numbers

on the bars show the total number of tokens in each group. (T = voiceless consonant.)

Figure 5. Proportion of vowels that are faithful in nasality to the Portuguese source form,

according to stress. Numbers on the bars show the total number of tokens in each group.
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1" We thank audiences at GLOW 41, Univ. Autonoma de Barcelona, Univ. Sheffield, the
1JAL editors, associate editor, and anonymous reviewers, and Michael Becker, Adam
Singerman, and Leo Wetzels for comments. Special thanks are due to Joshua Ho, who
assisted in coding the data and in implementing the MaxEnt model.

2 The following abbreviations are used throughout this paper: Maxakali (Mxk), Brazilian
Portuguese (BP), Consonant (C), Vowel (V), Voiceless Consonant (T), Nasal Consonant (N),
Nasal Vowel (V), Maximum Entropy (MaxEnt), Akaike Information Criterion (AIC),
Bayesian Information Criterion (BIC), Feature [F], Syllable (SYLL), Voiced (VCD), Vowel
Tier (VTIER), Left (L), Right (R), as well as the Optimality Theoretic Constraints IDENT,
MAX, AGREE, ALIGN.

3 Final consonants in Maxakali can further undergo lenition to become glides; see
Gudschinsky, Popovich & Popovich (1970), Operstein (2010), Silva & Nevins (2014), &
Nevins (2015) for discussion.

4 Though interestingly, older speakers of Japanese are reported to produce [fitebanku], with
the vowel being ‘sacrified’ to avoid affrication, parallel to /ma/ in the adaptation of martelo
mentioned in the text.

5 Recall that the group’s autonym is [trjcmi ?#0[3], and they call their language [In1j ?qj].

6 In the phonetic transcriptions found throughout this paper, we include narrow detail that
reflects allophonic vowel quality beyond the five phonemic vowel qualities noted above, as
well as final consonant lenition, but these factors are not relevant for the oral/nasal contrast

that is our central research question.
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7 In our data, only the form with a medial nasal consonant, that is, [p€ noy], occurs for this
word.

8 The Fisher’s exact tests reported throughout this section were conducted in R using the
fisher.test() function. For each plot shown, we first conducted a test on the full table of data
represented in the plot, obtaining a Monte Carlo simulated p-value (which were simulated
due to the large size of the data tables). These overall tests were significant for all of the plots
presented here (all p <.001); we do not report on the overall tests further. For the pairwise
comparisons of interest that we report, we used a Bonferroni-corrected alpha level based on
all reasonable pairwise comparisons in the data table. The p-values reported for pairwise
comparisons were calculated exactly (rather than simulated).

9 Tokens where rhyme segments disagreed in the Portuguese source word come from cases of
truncation, in which an onset in Portuguese became the rhyme of the final syllable in
Maxakali (e.g. Mxk [nii'bgp] ‘November’ from BP [no'vébru]).

10 The absolute faithfulness of initial-syllable nasal vowels not preceded by a voiceless onset
should be taken tentatively, given the low number of tokens in those groups. Fisher’s exact
tests comparing nasal vowels preceded by a voiceless onset and nasal vowels preceded by
other onset types are only borderline significant or trending towards significance at a
Bonferroni-corrected alpha level of .003, again due to the small number of tokens (voiceless
vs. no onset, p =.003; voiceless vs. voiced oral onsets, p = .058; voiceless vs. nasal onsets, p
=.0006).

11 Due to phonotactic gaps, there are gaps in the cells of Table 1. Moreover, because we
selected the loanwords from previous research, as mentioned in Section 2, and because not all

speakers knew each of these loanwords, there are some cells with smaller numbers of tokens.

51



12 This turns out to be a simplification, because final voiceless consonants sometimes remain
voiceless rather than becoming glides in Maxakali, but is a reasonable simplification given
our sample.

13 The MaxEnt Grammar Tool software was developed by Colin Wilson and Ben George,
and made available for public use by Bruce Hayes at
http://www.linguistics.ucla.edu/people/hayes/MaxentGrammarTool/.

14 Note that if multiple constraints can account for the same aspect of the data, the MaxEnt
model will spread the weight out amongst these constraints, so a weight of 0 means that the
constraint provides no benefit in terms of explaining the data.

15 A reviewer inquired why we did not apply any type of correction for multiple comparisons
to this alpha value. As this analysis does not consist of a traditional set of independent
statistical tests, it is not clear that a correction is appropriate in this case. Even so, we note
that all of the constraints retained in the final model except one have a p-value less than .001
(see Section 4.6), so even given the application of a very conservative Bonferroni correction
for 50 constraints (resulting in a corrected alpha level of .05/50 = .001), all of the same
constraints would be retained except one. Thus, there would be little difference in the overall
conclusions.

16 AGREE[nasal]vcp-SYLL could be considered a conjoined version of constraints (8b) and
(8c) (e.g. Smolensky 1995).

17 We have not included a version of AGREE(nasal)-RIME restricted to voiced segments
because voiceless segments generally do not occur in the coda position in our sample, with
the occasional exception of [h], which we have abstracted over here.

18 Using MAX(nasal) to penalize a loss of nasality assumes a representation where [nasal] is
treated as an autosegment (Goldsmith 1979) or some other entity that can be deleted or

retained independently from the full segment (e.g. Lombardi 1998). An IDENT constraint
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asymmetrically penalizing a change from [+nasal] to [-nasal] would work equally well in this
case.

19 Due to truncation, it is most often the case that the stressed syllable in Portuguese remains
the stressed syllable in Maxakali. In our sample, there are only a handful of exceptions to this
generalization. Given this overlap, using constraints referring to the Portuguese (source)
stressed syllable rather than the Maxakali stressed syllable results in almost as good a fit to
the data, making it difficult to know with certainty whether it is the stress of the source form,

the stress of the surface form, or some combination that is driving the stress effect.
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Table 1. Proportion of onset consonants faithful in nasality according to place and manner of

articulation.

Labials Coronals Palatals Dorsals
Plosives 0 (0/18) .98 (84/86) 1 (4/4) 1 (20/20)
Fricatives .53 (31/59) -- .80 (73/91) --
Nasals .85 (82/98) .90 (55/61) 1 (2/2) -
Laterals - .78 (66/85) - -
Rhotics - .86 (64/74) - -
Glides (oral in BP) - - - -
Glides (nasal in BP) -- - 1(23/23) -
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Table 2. Rates of nasal agreement in each of the three domains, according to age group. (VC

= within a rhyme; CV = onset and vowel within a syllable; V.C. = vowel and following onset

in different syllables)

VC CvV V.C
elders 100% 81% 49%
adults 100% 73% 41%
youngsters 100% 76% 39%
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Figure 1. Proportion of adjacent Maxakali consonant-vowel pairs that agree in nasality by
domain, according to whether they agree (left panel) or disagree (right panel) in nasality in
the Portuguese source form. Numbers on the bars show the total number of tokens in each
group. (VC = vowel and coda within a thyme; CV = onset and vowel within a syllable; V.C =

vowel and onset across a syllable boundary)
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Figure 2. Proportion of vowels and onsets that are faithful in nasality to the Portuguese
source form, according to syllable position and the nasality of the sound in Portuguese.

Numbers on the bars show the total number of tokens in each group.
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Figure 3. Proportion of vowels in initial syllables that are faithful in nasality to the
Portuguese source form, according to the type of onset and the vowel’s nasality in

Portuguese. Numbers on the bars show the total number of tokens in each group.
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Figure 4. Proportion of vowels in initial syllables with voiceless onsets that are faithful in
nasality to the Portuguese source form, according to the type of following consonant.
Numbers on the bars show the total number of tokens in each group. (T = voiceless

consonant.)
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Figure 5. Proportion of vowels that are faithful in nasality to the Portuguese source form,

according to stress. Numbers on the bars show the total number of tokens in each group.
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Appendix of all loanword adaptations

Portuguese
Orthographic Orthographic Speakers for Each Variant
Phonetic Maxakali Phonetic Transcription Translation
Portuguese Maxakali (or Both)
Transcription
remédio [he ' medzv] hemén [he ' m&3] ~ [h€ mE3] medicine 16,1 (+ 1 for both)
Rio de Janeiro [ hiudziza nerv] Hipyanén [hiBdza n&3] ~ [hifdza nEJ] Rio de Janeiro (city) 4,10
espelho [is'peAu] Typex [ paej] ~ [T pxj] mirror 0,14 (+ 1 for both)
espora [is'pora] ixpot [ pug] ~ [T pug] spur 5,1
Estados Unidos | [is taduzu nidos] Ixtayunin [1jtadzu'nip] ~ [1jtadzii’ nif}] USA 3,1
cavalo [ka'valu] kamanok [kama'doug] ~ [kdma'douy] horse 4,9
caminhdo [kami'j33] kdmiyam [kami naf] ~ [kami nap) truck 7,7
computador [kdputa'doh] kopotano [kuputa'do] ~ [kiiputa'do] computer 1,3
sabdo [sa'b3g] xamaam [tea'maf] ~ [ted maf] soap 2,16
cinquenta [s1'kyéta] xikoén [teiku'€3] ~ [teiku &3] fifty 1,1
canivete [kani'velf1] kunimet [kidi'beg] ~ [Kini beg] pocket knife 6,4
Flamengo [fla'mégu] Panaméy [pada ' m&j] ~ [pand'm&j] Flamengo (soccer team) 1,1
Santa Helena [s3te'lena] Xatanén [teata'nE3] ~ [teatd nEJ] ~ [tedtd n&3] Santa Helena (town) 8,6,3




janela [3a nelo] yanén [dza'n&3] ~ [dza nEQ] window 2,11
margo [ 'mahsu] may [ ' maj] March
banheiro [b3Jeru] maet ['bareg] toilet
banco [ b3ko] mug ['b3y] bank
boi ['bor] mox ['buj] ox
junho ['30ju] yoy ['dz07] June
conto [kd'tu] kon ['kO3] old Brazilian currency
meia ['meroa] mé ['m&j] sock
manga ['m3ga] mag ['man] mango
Mario [ ' marmu] Man [ mag] Mario (name)
mae [ maT] may [ ' maj] mother
maio [ 'maro] may [ ' maj] May
nove [ novi] nom ['ndf] nine
pao ['p33] pam ['paf] bread
cem ['séi] X8y ['te&f] hundred
Sandro ['sadru] Xan ['ted3] Sandro (name)
Santos ['satus] Xan ['ted3] Santos (city)
cinco ['siko] x1y ['teT]] five
onibus ['Oonibos] on [53] bus




agosto [a'gostu] agox [2'guj] August
agucar [a'sukah] axok [2'teouy] sugar
avido [avi'30] amiyam [abinaf] airplane
Andrew [3'drev] Anenep [ade'def] Andrew
armario [af'mar1u] ahman [ah'mad3] cupboard
Belo Horizonte [belori ' zo41] Menaniyon [bedadi'dziig] Belo Horizonte (city)
laranja [la'r339] nanuy [da'dij] orange
Ladainha [lada'Tj=] Nanaiy [dada’?1] Ladainha (town)
dezembro [de'z&bru] neyem [de'dzEf] December
limao [li'm3g] nimam [dibaf] lime
documento [doku'métu] nokomén [dukii'm&3] document
janeiro [3a'nerv] yanén [dza'ng]] January
dia de domingo [dziodzidu migu] yenomiy [dzedu'bij] day of Sunday
garrafa [ga hafs] gahap [ga'haf] bottle
ganhou [g3'0] gayod [ga'nod] to win
governo [gu'vehnu] gohet [gu'heg] government
Roséngela [ho'z33elo] Hoyay [hu'dzdj] Roséngela (name)
cangalha [k3'gaks] kagax [ka'gaj] yoke
caldeirao [kayde r33] kanenam [kade'dap] cauldron




carneiro [kah 'nerv] kahnén [kah'n&g] sheep
calcao [kay's30] katxam [kag'teip] shorts
quinhentos [ki'jétus] kiyén [ki'ng3] five hundred
quinta-feira [ kito'fera] kitapet [kita'peg] Thursday
comadre [ku'madrr] kdman [kii'mdag] kid's godmother
comércio [ko'mehsiv] komén [ki'mg3] shop (Mxk: city)
compadre [kii'padrr] kopat [ku'pag] kid's godfather
colchio [kou' 3] kotxam [kog 'teaf}] mattress
Marina [ma'rino] Manin [ma'nTj3] Marina (name)
maga [ma's3] maxa [ma'ted] apple
martelo [mah'telo] mahtet [ma'teg] hammer
Maiza [ma'iza] Maip [ma'?iB] Maiza (name)
macarrao [maka'h3g] makaham [maka haf] pasta
maracuja [maraku'3a] mandkuya [manaku'dza] passion fruit
Maxakali [mafaka'li] Maixakani [mateaka'di] Maxakali
mesa ['meza] méya [mé'dza] table
Minas Gerais [ minoze’ rais] Mindyenax [minddze dqj] Minas Gerais (state)
moga [mo’sa] moxa [mo tea] girl
motor [mo 'toh] motok [mii "touy] engine




motorista [motoristo] motonix [miitu'dy] driver
na feira [na'fera] napet [na'peg] at the fair (Mxk: 'fair")
novembro [no'vebru] ndémem [nd'bef] November
no posto [nu'postu] ndpox [nd'puj] at the (indigenous) post
Oliveira [oli'vera] Onimet [Uini beg] Oliveira (surname)
fazendeiro [faz€'derv] payenet [padzg'deg] farmer
peneira [pe'nera] pénén [p& né3] sieve
feijao [fe'333] peyog [p& ndn] beans
presidente [prezi' dét] peneyinen [pededzi d&3] president
fogdo [fu'g30] pogam [pu'gaf] stove
Funai [fu'nar] Ponay [pl 'ndj] Bureau of Indian Affairs
'ta devendo [tade ' vénu] tanemén [tade ' mE]] to owe
sandalia [s3'dalia] xanax [ted'dqj] sandals
semana [se ' mdna] xEman [te€ ' ma3)] week
setembro [se'tébru] xetém [tee ' t2f] September
segunda-feira [si,glido ' fera] xigdnapet [teiglind peg] Monday
Sdo Paulo [s3G pavlo] Xopat [teli pag] Sao Paulo (city)
Teofilo Otoni [ffoflo'tonr] Xopotdn [teupu 'ti3] Teofilo Otoni (city)
telefone [tele foni] tenepon [tede'pli3] phone




televisdo [televi'z3G] tenemiyam [tedebi'dzaf] TV
trem-de-ferro [ te€idsi fehu] tén&ynipe [ten&jdi pe] train
tomate [tu'maff1] toman [ti'ma3] tomato
oitocentos [ortu's€tus] oxx&n [0] 'te&]] eight hundred
oitenta [o1'téta] oxtén [vj't&3] eighty




