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Abstract. We present the morphosyntactic annotation of Nheengatu as spoken
in the 19th century in the Lower Amazon region. The annotated data expand
the UD _Nheengatu-CompLin treebank, the first for Nheengatu in the Universal
Dependencies project, by incorporating forms and syntactic patterns character-
istic of that region and time. We describe the corpus source, the orthographic
normalization process, and the main annotation strategies used. So far, 345 sen-
tences have been annotated, with 310 already integrated into the current version
of the treebank. This historical data annotation enhances the lexical and mor-
phosyntactic coverage, supporting the documentation and computational mod-
eling of Nheengatu.

1. Introduction

The Amazonian General Language (Lingua Geral Amazonica, LGA) emerged in the
17th century from the Tupinamba variety of Tupi spoken in Maranhdo, shaped by colo-
nial contact and missionary activity in northern Brazil [Borges 1996, Rodrigues 1996,
Freire 2011, Rodrigues and Cabral 2011, Moore 2014]. Later known as Nheengatu
literally “good language”—the LGA is first attested under this name in [Seixas 1853].

During the 18th and 19th centuries, Nheengatu spread throughout the Amazon
basin, reaching as far as Venezuela and Colombia, and became the most spoken lan-
guage in the Brazilian Amazon [Navarro et al. 2017]. Despite its historical prominence,
Nheengatu is now facing challenges to its intergenerational transmission [Navarro 2012].
According to [Eberhard et al. 2025], approximately 14,000 people still speak Nheengatu
today, with around 6,000 speakers located in Brazil.

As a contribution to ongoing efforts to construct computational resources and
tools for endangered languages [Galves et al. 2017, Vasquez et al. 2018, Thomas 2019,
de Alencar 2021, Tyers and Henderson 2021, Park et al. 2021, Rueter et al. 2021,
Martin Rodriguez et al. 2022, Zariquiey et al. 2022, Sandalo and Galves 2023,
da Silva and Pardo 2024, Pinhanez et al. 2024, Pugh and Tyers 2024, Santos et al. 2024],
the UD_Nheengatu-CompLin treebank was introduced in version 2.11 of the Universal
Dependencies (UD) collection in November 2022 [de Alencar 2024a, de Alencar 2024b].
It is the first and, to date, only syntactic treebank available for this language.

The morphosyntactic annotation of Nheengatu sentences in UD_Nheengatu-
CompLin is performed using Yauti, a rule-based analyzer developed for the language
[de Alencar 2023]. Since incorporating a 19th-century variety of Nheengatu spoken in
the Lower Amazon River region into the treebank, some annotation decisions and modi-
fications to the Yauti tool have been necessary.



This paper describes the annotation workflow for this historical corpus, from
spelling normalization to morphosyntactic annotation, highlighting the key decisions, ad-
justments, and improvements made during the process.

2. The Lower Amazon Nheengatu

The primary source for the corpus used in this study is [Hartt 1938], a posthumous work
by Canadian-American geologist and ethnographer Charles Frederick Hartt (1840—-1878).
In this work, Hartt adopts a fieldwork-based approach, focusing on the Lower Amazon re-
gion. The variety Hartt documented in this region exhibits some archaic morphosyntactic
features characteristic of its time and location. Among these are the first-person pronom-
inal prefix xa-! and the imperative prefix e- for the second-person singular, an archaism
dating back to Old Tupi [de Almeida Navarro 2005].

Most notably, Hartt recorded a series of first- and second-person dative pro-
nouns, derived from suffixing of the enclitic postpositon bo [Hartt 1872, Navarro 2015,
Avila 2021]. Although largely replaced by the postposition arama in most Nheengatu
varieties at the time, Hartt reported residual usage of bo in the dialect he observed
[Hartt 1872, p. 67]. Example 1 illustrates both the imperative prefix e- and the first-person
dative pronoun.

(1) E-puru ne kisawa ixéu.
28G.IMP-lend your hammock 1SG.DAT
‘Lend me your hammock!” [Hartt 1938, p. 380]

These features have been integrated into the most recent version of Yauti for
proper analysis and will be discussed in more detail in the following section.

3. Annotation workflow

3.1. Spelling normalization

The historical variety of Nheengatu documented by [Hartt 1938] presents distinct phono-
logical and morphosyntactic characteristics that diverge from the varieties previously an-
notated in the UD_Nheengatu-CompLin treebank. The main challenge prior to annotation
was orthographic normalization of Hartt’s original texts. To address this, we adopted a
conservative approach based on the central guideline of preserving the original form as
much as possible. Our primary reference was [Avila 2021], which includes previously
adapted versions of some of Hartt’s sentences. These were incorporated as metadata un-
der the attributes text_sec (secondary text) and text _sec_source (secondary text
source), as exemplified in Figure 1.

However, re-adaptation was often necessary to enhance fidelity to the historical
forms attested by Hartt. Our approach differs from Avila’s by generally retaining seg-
mental and syllabic structures closer to the original, applying only minimal modernization

I'The variant xa- is frequently attested in 19th-century records from different locations
[de Magalhaes 1876, Rodrigues 1890, Studart 1926], but it is no longer used in contemporary Nheengatu
of the Upper Rio Negro. This form represents an innovation that is not found in Old Tupi or in 18th-century
LGA records. We thank an anonymous reviewer for suggesting this clarification.



Figure 1. Annotation and metadata for Hartt’s sentence No. 42 in UD_Nheengatu-
ComplLin.

for internal consistency. Compare, for example, the sentence xamono seygdra tdua kyty
amii irané oyuyr ardma, which [Avila 2021, p. 243] adapts as Amundii se igara tawa kiti,
amii-wirandé uyuiri arama., with our version in (2).

(2) Xamunu se igara tawa  kiti amiu wirané uyuiri
1SG.ACT:send my canoe village to another tomorrow 2SG.ACT:go_back

arama.
to

‘I send my canoe to the village to return the day after tomorrow.” [Hartt 1938, p.

344]

In our adaptations, we preserve the original punctuation, refraining from inserting
a comma between the two clauses of the example under discussion, unlike [Avila 2021].
We limit ourselves to capitalizing the initial letter of sentences, which [Hartt 1938] consis-
tently renders in lowercase. In (2), we retain the first-person singular prefix xa- in the verb
form xamunii, which contrasts with the contemporary form amundii. We also maintain the
syncope of the voiced plosive /d/ in both xamunii and wirané, following Hartt’s phono-
logical representation and recognizing this as a productive process in the 19th-century
variety. Finally, we generally do not hyphenate phrases such as amii wirané ‘day after
tomorrow’, which [Avila 2021] treats as compounds. In UD theory, such expressions are
not considered compounds, as they exhibit no morphosyntactic idiosyncrasy compared to
regular modifier—noun constructions [de Marneffe et al. 2024].

Once orthographic adaptation is completed, the resulting sentences are submitted
for morphosyntactic annotation, as described in the following section.
3.2. Morphosyntactic annotation

We annotated our corpus using Yauti, a rule-based morphosyntactic analyzer developed
specifically for Nheengatu [de Alencar 2023], built on the CoNLL-U Parser library.> In
a Python environment, sentences are input as strings, and Yauti outputs an analysis in

https://pypi.org/project/conllu/



the CoNLL-U format [de Marneffe et al. 2024], specifying lemmas, part-of-speech tags,
morphological features, syntactic heads, and dependency labels, among other informa-
tion. All annotations undergo manual review to ensure linguistic accuracy and consis-
tency. In Figure 2, we show how to import the Yauti module and call the function used to
analyze sentences from [Hartt 1938].

>>> import Yauti

>>> sent = "'"169 - yaudra ikyrymdua uaé opurusui.

169 - Yawara i kirimawa wad upurusud.

169 - Yawara kirimbawa waa upurusuud. (Hartt, 331, adap.) - 0 cachorro valente morde gente.
169 - 0 cachorro valente morde gente.''’

>>> Yauti.parseExampleHartt(sent,331,annotator="'Dominick Maia Alexandre')
sent_id = Hartt1938:0:169:169

text = Yawara i kirimawa waa upurusud.

text_por = 0 cachorro valente morde gente.

text_source = p. 331, No. 169

text_orig = yauara ikyrymaua uaé opurusud.

text_eng = TODO

text_orig_transcriber = Antonio Levy Melo Nogueira

text_por_modernizer = Anténio Levy Melo Nogueira

text_sec = Yawara kirimbawa wad upurusud.

text_por_sec = 0 cachorro valente morde gente.

text_sec_source = Avila (2021)

text_por_sec_source = Avila (2021)

inputline = Yawara i kirimawa waa upurusui.

text_annotator = Dominick Maia Alexandre

U BB WWWNN R RS ded e R

Yawara yawara NOUN N Number=Sing 3 nsubj _ TokenRange=0:6
i i CCONJ CCONI 3 cc _ TokenRange=7:8
i i PRON PRON2 Case=Gen|Number=Sing|Person=3|PronType=Prs 1] _ _ TokenRange=7:8
kirimawa kirimawa ADJ A _ (-] _ _ TokenRange=9:17
kirimawa kirimawa ADV ADVA AdvType=Man (-] advmod _ TokenRange=9:17
kirimawa kirimawa VERB vz Mood=Ind|VerbForm=Fin @ advel  _ TokenRange=9:17
waa waa PRON REL Number=Sing|PronType=Rel 3 nsubj _ TokenRange=18:21
wad wad SCONJ SCONJ  _ 3 mark _ TokenRange=18:21
upurusud upurusud _ _ _ (] _ _ SpaceAfter=No|TokenRange=22:30
PUNCT PUNCT _ 1 punct _ SpaceAfter=No|TokenRange=30:31

Figure 2. Demonstration of Yauti usage.

>>> sent = '''169 - yauara ikyrymaua uaé opurusui.
169 - Yawara i/pron2 kirimawa/v2 waa/rel upurusud.
169 - Yawara kirimbawa waa upurusud. (Hartt, 331, adap.) - 0 cachorro valente morde gente.

169 - 0 cachorro valente morde gente.'''
>>> Yauti.parseExampleHartt(sent,331,annotator='Dominick Maia Alexandre')

# sent_id = Hartt1938:0:169:169

# text = Yawara i kirimawa wad upurusud.

# text_por = 0 cachorro valente morde gente.

# text_source = p. 331, No. 169

# text_orig = yaudra ikyrymdua uaé opurusud.

# text_eng = TODO

# text_orig_transcriber = Antdnio Levy Melo Nogueira

# text_por_modernizer = Antdnio Levy Melo Nogueira

# text_sec = Yawara kirimbawa waa upurusui.

# text_por_sec = 0 cachorro valente morde gente.

# text_sec_source = Avila (2021)

# text_por_sec_source = Avila (2021)

# inputline = Yawara i/pron2 kirimawa/v2 waa/rel upurusui.

# text_annotator = Dominick Maia Alexandre

1 Yawara yawara NOUN N Number=Sing 3 nsubj _ TokenRange=0:6

2 i i PRON PRON2 Case=Gen |Number=Sing|Person=3|PronType=Prs 3 expl _ TokenRange=7:8
3 kirimawa kirimawa VERB V2 Mood=Ind|VerbForm=Fin 1 acl:relcl _ TokenRange=9:17
L) waa wad PRON REL Number=Sing|PronType=Rel 3 nsubj _ TokenRange=18:21

5 upurusui purusud VERB v Mood=Ind|Person=3|VerbForm=Fin @ root _ SpaceAfter=No|TokenRange
=22:30

6 PUNCT  PUNCT  _ 5 punct  _ SpaceAfter=No|TokenRange=30:31

Figure 3. Disambiguation of the ambiguous forms in Hartt1938:0:0:42
through manual specification in the input string.

In cases of ambiguity, as exemplified in Figure 2 with i, which may be either a
pronoun or a conjunction, disambiguation is performed by adding XPOS tags directly
in the input string, i.e., 1/pron2), as shown in Figure 3. The inventory of XPOS
tags distinguishes over 80 fine-grained, treebank-specific word classes [de Alencar 2024a,
de Alencar 2024b]. For example, following [Navarro 2016, Avila 2021], primary pro-
nouns (PRON) are distinguished from secondary pronouns (PRONZ2). Both pronoun types
are mapped to PRON in the universal inventory of 17 universal part-of-speech categories
[de Marneffe et al. 2021]. Words not present in the lexicon are manually added to a
glossary. For each lemma in the glossary, Yauti generates its full inflectional paradigm



[de Alencar 2023]. For example, for muni ‘to send’ (Listing 1), Yauti builds all conju-
gated verb forms, some of which are shown in Listing 2.

Listing 1. Sample entries from Yauti’s glossary.

[ { "lemma": "mundu",
"pOS": "V.",
"gloss": "mandar, enviar"},
{ "lemma": "munu",
"pos": "v.",
"gloss": "var. mundu"}, ]

Listing 2. Sample entries from Yauti’s full-form lexicon.

{ "xamunu": [[ "munu", "V+ARCH+IND+1+SG"]1],

"emunu": [["munu","V+IMP+2+3SG"]1],
"pemunu": [["munu", "V+IMPIND+2+PL"]],

"remunu": [["munu", "V+IMPIND+2+SG"]1],

"amunu": [["munu", "V+IND+1+SG"]1],

"hamunu": [["munu", "V+IND+1+SG"]],

"umunu": [["munu", "V+IND+3"]1],

"munu": [["munu", "V+NFIN"]] }

As reported by [de Alencar 2023], Yauti achieved a labeled attachment score of
73.2 in a previous version of UD_Nheengatu-CompLin with all 1,022 sentences annotated
with disambiguating tags and other special tags that enable the tool to analyze unknown
words. This indicates that Yauti’s performance is neither exhaustive nor error-free, so its
output is always reviewed by a human annotator before being incorporated into the tree-
bank [de Alencar 2024a]. Furthermore, human intervention is required to continuously
update the lexicon as new forms are encountered in the corpus. In the following sec-
tion, we discuss specific annotation decisions made to handle characteristic features of
the Nheengatu variety documented by [Hartt 1938].

3.3. Specific guidelines

The syntactic annotation of Hartt’s 19th-century Nheengatu corpus required special atten-
tion to morphosyntactic constructions that diverge from patterns in contemporary varieties
of the language. Below, we outline key phenomena that informed guideline development
and lexicon adjustments in the Yauti annotation workflow. These guidelines are grounded
in empirical evidence from Hartt’s documentation and aim to ensure consistency with both
descriptive linguistics and the principles of the Universal Dependencies (UD) framework
[de Marneffe et al. 2021].

A notable characteristic of this historical variety is the use of the prefix e- to mark
second-person singular imperative forms. This prefix is absent in the modern spoken vari-
ety of the Upper Rio Negro region, where re- is used with both indicative and imperative
utterances [da Cruz 2011, Navarro 2016, Avila 2021]. This variation is reflected in the
lexicon. json file through the inclusion of both forms with appropriate morphological
distinctions (Listing 2). The imperative form prefixed with e- is automatically recognized
and annotated as imperative mood (Mood=Imp), whereas forms with re- require man-
ual disambiguation due to their multifunctionality (Mood=Imp, Ind). This approach
ensures coverage of both imperative formation strategies within the UD schema.




The contrast between the two inflectional prefixes is illustrated in examples (3)
and (4). The former is our adaptation of the original example by [Hartt 1938], which
reads emond payé pidm., while the latter is the modernization by [Avila 2021].

(3)  E-munu payé  piamu.
2SG.IMP-send shaman for
‘Send someone to fetch the shaman.” [Hartt 1938, p. 339]

(4)  Re-mundu [aé] payé  piamu.
28G.ACT-send him shaman for
‘Send [him] to get the shaman.” [Avila 2021, p. 595]

In both examples, munii ‘to send’ appears in an imperative context but is prefixed
differently. In (3), the prefix e- functions as a marker of the second-person singular imper-
ative, marking the clause as a directive addressed to the addressee. In (4), the prefix re-,
which in modern Nheengatu typically encodes the indicative mood in the second-person
singular, occurs in an utterance with identical pragmatic force. This change may reflect a
process of morphological simplification, whereby the Old Tupi imperative prefix e-, also
attested in other 19th-century Nheengatu varieties, was gradually replaced by the prefix
re- (ere- in Old Tupi), which originally marked indicative mood.

Hartt’s documentation also records the use of dative pronominal forms, e.g., ixéu,
indéu, yanéu (‘to me’, ‘to you’, ‘to us’), reflecting a pattern inherited from Old Tupi
pronouns performing the same function (ixébo, endébo, iandébo) [Avila 2021, p. 326].
These forms contrast with the more productive construction involving the postposition
arama (e.g., ixé arama, ‘to me’). Although Hartt recorded the complete series of da-
tive pronouns in sentences collected in the Lower Amazon during the 1870s, showing
frequent use in that region, other contemporary records are scarce, suggesting that these
pronouns had limited temporal and geographic distribution in the early Nheengatu period
[Avila 2021, p. 326].

To capture this variation, we included dative pronouns in the Yauti lexicon and
annotated them using the dependency relation iobj (indirect object), which captures
recipient-like arguments traditionally associated with the dative case, as illustrated in Fig-
ure 4.

The prefix xa- appears consistently in Hartt’s data as a marker of first-person sin-
gular subject agreement on verbs, with just a single occurrence of ha- attested in the
portion of the corpus examined so far. By contrast, the prefix a- is the sole form found in
the modern Upper Rio Negro variety [da Cruz 2011, p. 133]. As exemplified in Listing
2, the lexical database includes verb forms with all three prefixes, provided with features
that enable Yauti to automatically annotate first-person forms across different varieties,
while signaling the xa- forms with Style=Arch.

In example (5), the main verb xakitika ‘I grate’ and the auxiliary xaiki ‘I am’ both
instantiate the prefix xa-, indicating first-person singular agreement.



punct

ccomp

=)

Emuméu ixéu mayawé remukanhemu nhad  kisé

Figure 4. Dependency relations of Emuméu ixéu mayawe remukanhemu nhaa
kisé. ‘Tell me how you lost that knife.” [Hartt 1938, p. 331]

(5) Xakitika xaiku mangarataya.
2SG.ACT:grate 2SG.ACT:be ginger
‘I'm grating ginger.” [Hartt 1938]

Some verbal forms in Hartt’s records lack overt morphological markers of per-
son, tense, or mood. These appear most often in imperative or permissive contexts,
and their interpretation depends on context and the Portuguese translation provided by
[Hartt 1938]. For such forms, we maintain their original orthography in the annotation
but encode expected canonical forms using the CorrectForm, StandardForm, or
StandardMood attributes in the MISC column, as illustrated in Figure 53 following
the UD guidelines [de Marneffe et al. 2024].

punct
(roof)
obj
ccomp [ {advmod | X
Xari kapi ranh€é se awa
let comb IPFV.  my  hair
StandardForm=exari Mood=Ind
StandardMood=Imp Person=1
StandardNumber=Sing VerbForm=Fin
StandardPerson=2 CorrectForm=ayakapika

Standard VerbForm=Fin

Figure 5. Dependency analysis with morphological and MIsSc features for Xari
kapi ranhé se awa. ‘Let me comb my hair. [Hartt 1938, p. 334]

3 An anonymous reviewer proposes an alternative interpretation of the example shown in Figure 5, hy-
pothesizing a transcription error in [Hartt 1938]. The reviewer reads the sentence as saiakapy ranhé sedua
and suggests the corresponding adaptation xa-yakapi(ka) ranhé se awa (1SG.ACT-comb IPFV my hair, ‘I"'m
still going to comb my hair’).



4. Final remarks

This study contributes to the expansion and refinement of the UD_Nheengatu-CompLin
treebank through the morphosyntactic annotation of a historical 19th-century variety of
Nheengatu. The annotated corpus, extracted from [Hartt 1938], provides valuable data on
grammatical structures and lexical forms that are no longer productive in contemporary
usage, thereby broadening the descriptive and typological scope of the treebank.

To date, 345 of the 919 sentences identified in Hartt’s work have been annotated,
of which 310, totaling 2,031 words, are included in the current development version of
UD_Nheengatu-CompLin. All sentences with the identifier Hartt 1938 have undergone
official UD validation through the validate.py script, the primary tool for assessing
a treebank’s eligibility for inclusion in a UD release. These 310 sentences triggered only
12 Udapi “bugs”, well below the threshold of 203 (1 per 10 words). All bugs are of
the degree-upos type, arising from the assignment of the DEGREE feature to nouns
or stative verbs—the latter functioning as adjectives in languages such as Portuguese or
English. Udapi [Popel et al. 2017] is a key component of the UD rating system, which
assigns 0-5 stars to treebanks. Annotation of the remaining sentences is ongoing. Figure 6
summarizes the revision status of the 310 sentences, showing the number of sentences
reviewed once, twice, or still pending review by an additional human annotator.

B One reviewer B Two reviewers Bl No review

Figure 6. Revision status of Hartt1938 sentences (n = 310) in the
yrl complin-ud-train.conllu file

Additionally, 82 new lexical entries have been added to the glossary. json
file of the Yauti annotation tool. These entries correspond to lemmas, such as verbs, ad-
jectives, nouns, particles, and adverbs, and represent the number of new words introduced
during the annotation of this historical variety. In parallel, the 1exicon. json file was
expanded with all relevant inflected forms, especially for verbs, ensuring that each new
lemma is fully represented across its morphological paradigm.

All updates, discussions, and further developments related to the annotation pro-
cess are being conducted transparently in the project’s official GitHub repository*, where
the community can follow the ongoing refinement of this resource and participate in the
discussions.

By integrating these older forms into the treebank, this work enhances the typo-
logical and diachronic coverage of Nheengatu within the Universal Dependencies frame-
work and supports ongoing efforts in linguistic documentation and the development of
NLP tools for under-resourced and endangered languages.

“https://github.com/CompLin/nheengatu
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