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* Amazon In Brazil, the Amazonian region lacks information on Miconia, where around 175
* Miconieae species are estimated to occur. Para, the second largest northern state, is home to
* new records 87 Miconia s.s. species and one subspecies. In this study, we have developed the
* taxonomy first digital and interactive identification key for Miconia using 36 characters with

114 states on the Xper3 platform. The key can be accessed at <https://app.xper3.
fr:443/xper3GeneratedFiles/publish/identification/-8015989149121494953/> and
includes original drawings and digital pictures of herbarium specimens for easier
use. During the preparation of the key, we also detected eight new records of
Miconia species within the state, and we indicate some uncertainties about previous
occurrence records of some other species. This digital interactive key will aid in the
identification of Miconia species within the Amazon and can also serve as a template
for future broader keys.

Palavras-chave: Resumo

* Amazodnia No Brasil, a regido amazonica carece de conhecimento sobre o género Miconia, onde
* Miconieae se estima a ocorréncia de cerca de 175 espécies. O estado do Pari é o segundo maior
* novos registros estado da regido norte do pais e abriga 87 espécies e uma subespécie de Miconia s.s.
* taxonomia Neste estudo desenvolvemos a primeira chave de identificacao digital e interativa para

Miconia, utilizando 36 caracteres com 114 estados de carater na plataforma Xper3.
A chave pode ser acessada em <https://app.xper3.fr:443/xper3GeneratedFiles/
publish/identification/-8015989149121494953/>. Esta chave inclui desenhos originais
e fotos digitais de exsicatas para utilizagao facilitada. Durante a preparagao deste
trabalho, n6s também detectamos oito novos registros de Miconia para o estado, e
apontamos algumas incertezas sobre registros de ocorréncia anteriores de algumas
outras espécies. Essa chave digital interativa que nés desenvolvemos apresenta
potencial para auxiliar na identificagao de espécies de Miconia na Amazdnia e pode
também servir como modelo para chaves futuras mais abrangentes.
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Introduction

The Amazon’s phytogeographic domain is
composed of about 6 million km? in northern South
America. Its heterogeneous vegetation is composed
of a matrix of different types of forests but also
includes areas of open vegetation embedded
within it, such as savanna, rocky outcrops, and
campinarana (open vegetation on white-sand,
nutrient-poor, and well-drained soils) (Pires &
Prance 1985). The biodiversity of the Amazon is
greatly underestimated, and the species occurrence
and distribution range are widely unknown (Sosa &
Daévila 1994; Villasefior et al. 2005; Koleff et al. 2008;
Kromer et al. 2010). This is particularly concerning
regarding Brazil, the country containing the largest
portion of the Amazon, because of its vast territory,
the lack of specialists, and the sizable collections yet
to be studied (Hopkins 2007; BFG 2015; Hopkins
2019). This lack of knowledge aggravates the
current critical biodiversity crisis in which many
species are becoming extinct without notice, as
their natural habitats continue to shrink (Stropp
et al. 2020).

Melastomataceae are one of the main
ecological components of the Amazon (Cardoso et
al. 2017). Melastomataceae species constitute a big
portion of Brazil’s biodiversity due to the size of
this family, reaching almost 1,500 known species
within the country (Goldenberg et al. 2024). One
of the major taxonomic challenge of the family is
determining its actual diversity within the Amazon
(Goldenberg et al. 2012).

Miconieae is the largest tribe of
Melastomataceae, and several genera have recently
been synonymized under the single genus Miconia
(Michelangeli et al. 2019), making it the largest genus
within the family, with about 1,900 species across
the Neotropics (Ulloa et al. 2022). Considering this
new wider circumscription, Miconia L.s. is the largest
plant genus in Brazil, with about 560 species in the
whole country and about 290 currently reported in
the Amazon region (considering Clidemia, Leandra,
Maieta, Ossaea, and Tococa species; see Goldenberg
et al. 2024). However, considering the sheer size
of the genus in this new circumscription (Miconia
Ls.) and the large changes necessary to adapt all
the databases to reflect it, the taxonomy of Miconia
in Brazil is still being treated in its strict, narrower
sense (Miconia s.s. = Miconia sensu Cogniaux
1891, see Michelangeli et al. 2022), as in “Flora &
Funga of Brazil” (<https:/ /floradobrasil.jbrj.gov.
br/>, Goldenberg et al. 2024). In this strict sense,
Miconia is still among the largest plant genera of
the country (BFG 2018), holding about 175 species
in the Amazon, with 84 of them reported within
the state of Pard (Goldenberg et al. 2024). However,
several Miconia s.s. species remain with ambiguous
circumscriptions and unclear boundaries (see
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Goldenberg et al. 2024). This is especially true for
Amazonian species, which were poorly studied in
the country (Goldenberg et al. 2012). Only after a
greater focus on Eastern Brazilian diversity in recent
years have taxonomic studies of Amazonian species
of Melastomataceae been carried out in Brazil
(e.g., Cangani 2012; Corréa et al. 2017; Rocha et al.
2017; Oliveira 2019). However, the real diversity of
Miconia from the Brazilian Amazon is still widely
unknown considering the small number of studies
(Goldenberg et al. 2012; Meirelles et al. 2021) and
the numerous recent discoveries (e.g., Goldenberg
et al. 2012; Meirelles & Goldenberg 2014; Almeda
et al. 2016; Meirelles & Bacci 2017; Goldenberg &
Hinoshita 2017; Meirelles et al. 2021; Goldenberg
et al. in press).

Digital and interactive tools have been
considered great ways for addressing the taxonomic
impediment, especially in challenging groups and
floras (Cardoso et al. 2017), like with Miconia from
the Amazon. Digital interactive identification keys
are taxonomic tools that allow the user to choose
the most convenient traits among a number that
are offered to identify an observed specimen in no
mandatory order (Murguia-Romero et al. 2021).
These arose as an alternative to the standard,
dichotomic keys, in which the user must follow
a certain predefined sequence of steps to identify
a specimen (Murguia-Romero et al. 2021). In
these conventional keys, incomplete specimens
pose significant obstacles, and the more steps
required to identify a taxon, the greater the
likelihood of users deviating from the correct
identification (Goharimanesh et al. 2021). In
addition, they hardly account for human error
or subjective interpretations (Walter & Winterton
2007). In contrast, in the digital alternative, the
computer program narrows down all the possible
identifications, eliminating taxa that do not apply
as the specimen’s characteristics are chosen by the
user (Dallwitz et al. 2018).

Considering the great challenge of unraveling
the taxonomy of Amazonian Miconia s.s., our aim
in this study was to produce an interactive digital
key for species from Pard. To this end, we reviewed
the literature and several herbarium collections and
simultaneously updated the state’s species list. We
believe that the key can also aid in the identification
of Miconia s.s. from other Amazonian regions and
serve as a model to kickstart the production of other
keys with future updates and modifications.

Material and Methods

Study area

The Brazilian state of Pard is about 125 million
ha, mostly composed of Amazonian rainforest with
small, scattered patches of Cerrado vegetation. It
is covered by a diverse mosaic of phytoecological
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regions, such as savannas, floodplain forests, palm
tree forests, mangroves, and dryland forests (Pires
& Prance 1985). The soil from Par4 is mostly clay,
with quartz sand beaches found by rivers and ponds
(Vieira et al. 1971).

Taxa

A list of all species of Miconia s.s. occurring
in the state of Pard was built based on herbarium
searches (BHCB, CEPEC, FC, FLOR, HAMAB,
HBRA, HCJS, HERBAM, HIFPA, HF, HSTM,
IAN, INPA, M, MAC, MBM, MFS, MG, MO, NY,
RB, SP, UEC, and UPCB; acronyms following
Thiers, continuously updated) and through
digital platforms (<https://specieslink.net/>
and <https:/ /floradobrasil.jbrj.gov.br/>). The
identifications followed species protologues and the
following works: Wurdack (1973), Wurdack (1993),
Berry et al. (2001), Macbride (1941), Meirelles (2015),
Oliveira (2019), and Goldenberg et al. (2024). Names
were checked and updated considering Goldenberg
etal. (2024). A detailed taxonomic account of 84 taxa
can be found in Oliveira (2019).

Software platform

The free access platform Xper3 was the chosen
software for the elaboration of the present key.
There are many advantages and reasons to use this
platform. Firstly, it is compatible with all the major
operating systems, including mobile ones (i.e.,
Windows, MacOS, Linux, Android, and iOS), and
the interface is currently available in French and
English, with the key entries available in whatever
language the authors choose (<http:/ / www.xper3.
fr/>). Every tool and functionality required for
the construction of a multi-entry interactive key
is included within the platform, remote access is
allowed via the internet, and it has both web-based
and mobile interfaces. Additionally, every database
created within the platform is easily shareable, and
multiple contributors are allowed to be invited
to access and edit the keys, and, finally, there are
no requirements for external data storage. The
Xper3 website can be accessed at <http:/ /www.
xper3.fr/> and in-depth user documentation
can be found at <http://wiki.xper3.fr/doku.
php?id=en:usermanualxper3>. The entries in this
study’s key were written in Portuguese, due to its
most likely audience.

Data collection

Characteristics of the species included were
obtained directly from herbarium specimens or
from the literature (Macbride 1941; Wurdack 1973,
1993; Berry et al. 2001; Meirelles 2015; Goldenberg
et al. 2024). Vegetative and reproductive characters
visible to the naked eye were chosen primarily, but
a stereoscopic microscope or a magnifying glass
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may be required for smaller floral and trichome
character analysis, such as stamen size and trichome
type. Multiple similar characteristics were gathered
in a single option, allowing for a greater breadth of
interpretations.

Interactive key descriptors classified each
species, while the character states in the program
represent the form in which each characteristic
is presented. All the species were written into
the Xper3 platform under the tab “items” (Fig.
1), while the characteristics were written down
on the “descriptive model” tab, with each state
possible on the “states” tab of each descriptor. Each
characteristic and character state was manually
coded for every species under the “description”
tab (Fig. 2).

The descriptors and terminology used in
the key were organized numerically according to
their discriminating potential, from vegetative to
reproductive descriptors, and include habit, young
branches, leaves, inflorescences, flowers, stamens,
and pistil descriptors (Fig. 2).

The discriminatory value was calculated by
analyzing three indices via the Xper2 software: the
Xper index, the Jaccard (1901) index (Sjaccard = ¢/
(a+b-c)), and the Sokal & Michener (1958) index (SSM
= (a+d)/(a+b+c+d)), where a = present descriptor
states, whether or not they are present in both taxa;
b =present descriptor states present only in the first
taxon; ¢ = present descriptor states only in the second
taxon; and d = descriptor states not applicable in any
of the taxa analyzed. The Xper index is determined
by the differences between descriptors, and the
discriminatory value of each descriptor for each
of the three indices is calculated by the sum of the
dissimilarity between each and all possible pairs of
taxa (Vignes-Lebbe 2017). Thus, the index evaluates
the potential of a descriptor to differentiate between
two distinct taxa, giving a higher value to the more
exclusive descriptors of each taxon (if a = 0, then
Xper = 1) (Vignes-Lebbe 2017). The Jaccard (1901)
index is based on the similarity, meaning two taxa
are similar when they share common descriptors,
while the Sokal & Michener (1958) index is based
on the shared similarities both in the occurrence
and lack of characters and states, meaning two taxa
are alike when they share the same presence and
absence of characteristics and states in this index.
Like Xper, these indices go from 0 to 1 but depend on
the number of shared character states (Vignes-Lebbe
2017). By analyzing these indices, it is possible to
evaluate the most efficient characteristics and which
could be reformulated or deleted (Fig. 3).

Morphological concepts were set according
to Gongalves & Lorenzi (2007). Mistakes related
to species without filled-in characteristics, those
wrongly placed, and discernibility among species
were verified using the Xper3 “checkbase” tool.
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Images

All the character states were hand-drawn
based on herbarium specimens or used digitized
images using an ink pen on paper, then digitized
with a high-resolution scan either in the web-based
or mobile interface. A few drawings were edited
after scanning using Photoshop, Microsoft Paint,
and CorelDraw® for upscaling. In addition to these
drawings, each species was also represented by a
digital picture taken from SpeciesLink (<https://
specieslink.net/>). Nomenclatural types were
prioritized when the collection took place in the
state of Para.

Results and Discussion

We produced an interactive key for Miconias.s.
(Melastomataceae) from the state of Par4, Brazil (Fig.
4). As far as we know, it is the first interactive key
for the Melastomataceae family in the state of Pard,
Brazil, and for Miconia s.s. in general. The interactive
key is available in the Xper3 online app (<https:/ /
app.xper3.fr:443 / xper3GeneratedFiles / publish /
identification /-8015989149121494953 / >). The key
comprises 88 taxa (87 species and one subspecies)
with 36 descriptors totaling 114 character states and
140 original drawings. All taxa can be completely
discernible, with no conflicting descriptions.
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Taxa

In total, 88 taxa (87 species and one subspecies;
Tab. 1) of Miconia s.s. were found in the state
of Pard, and all of them were included in the
interactive key. After a thorough examination and
re-identification of some materials, we obtained
a list of species for the state of Pard that differs
somewhat from the list obtained from the Flora
& Funga of Brazil database (Goldenberg et al.
2024). We recorded eight additional species (M.
aulocalyx, M. bracteata, M. campestris, M. cowanii,
M. rhytidophylla, M. stelligera, M. traillii, and M.
tschudyoides), but we found no evidence for five
other species (M. biglandulosa, M. dodecandra, M.
lourteigiana, M. stellulata, and M. tetrasperma). These
differences are primarily the result of examining
specimens housed at the Herbarium of the Museu
Paraense Emilio Goeldi (MG) in Belém, Pard, one
of the largest herbaria in Brazil and the second
largest in the Brazilian Amazon. Unfortunately, its
digital collection has limited access, which makes
it difficult for specialists to consult and update
the databases. In addition, detailed research into
the circumscription of ambiguous species has also
led to differences between the list of the Flora and
Funga of Brazil (Goldenberg et al. 2024) and ours,
as in the case of Miconia cowanii and the excluded
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ies & management
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0 files

c

Figure 1 - a-c. Screenshot of the “items” tab on the Xper3 platform of the digital interactive key of Miconia s.s. of the state
of Pard, which compiles the taxa studied, herbarium sheet photos of the species, and a reference to the species page in
Flora & Funga of Brazil [Flora & Funga of Brazil 2024 (continuously updated), <http:/ /reflora.jbrj.gov.br>] — a. taxa list
present in the current database; b. reference to the species page in the Flora & Funga of Brazil platform; c. media upload

tab with the herbarium sheet picture of Miconia alata.
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Table 1 — Taxa included in the interactive key of Miconia s.s. (Melastomataceae) from the state of Pard, Brazil, with the

voucher used to illustrate each taxon.

Species Voucher
Miconia affinis DC. UPCB 91978
Miconia alata (Aubl.) DC. NY 1039157
Miconia albicans DC. UPCB 68184
Miconia alborufescens Naudin UPCB 30623
Miconia aliquantula Wurdack NY 987393
Miconia alternans Naudin UPCB 90768
Miconia amapaénsis R.Goldenb. & Hinoshita NY 3754439
Miconia ampla (Aubl.) DC. NY 3697016
Miconia aplostachya (Bonpl.) DC. NY 1539165
Miconia argyrophylla DC. NY 3697068
Miconia argyrophylla subsp. gracilis Wurdack UPCB 79297
Miconia astrotricha (DC.) Triana INPA 84671
Miconia aulocalyx Mart. ex Triana NY 1189124
Miconia bracteata (DC.) Triana NY 1421522
Miconia brevipes Benth. NY 1598948
Miconia calvescens DC. HUEFS 145658
Miconia campestris Benth. & Triana NY 1164811
Miconia ceramicarpa (DC.) Cogn. NY 1599175
Miconia chrysophylla (Rich.) Urb. NY 3908152
Miconia ciliata (Rich.) DC. NY 1599064
Miconia cowanii Wurdack TAN 127512
Miconia crassinervia Cogn. US 2369010
Miconia cuspidata Naudin NY 229119
Miconia diaphanea Gleason NY 987390
Miconia dichrophylla ].E.Macbr. NY 1539049
Miconia dispar Benth. MBM 238474
Miconia dolichorrhyncha Naudin MBM 38466
Miconia egensis Cogn. UPCB 90793
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Species Voucher
Miconia elata (Sw.) DC. NY 1722472
Miconia elegans Cogn. NY 916775
Miconia eriodonta DC. FLOR 64680
Miconia fallax DC. HUEFS 164978
Miconia ferruginata DC. UPCB 83740
Miconia gratissima Benth. ex Triana NY 1176804
Miconia heliotropoides Triana UEC 172998
Miconia holosericea (L.) DC. NY 925407
Miconia hypoleuca (Benth.) Triana MBML 31759
Miconia ibaguensis (Bonpl.) Triana NY 1652870
Miconia lanata (DC.) Triana MBM 413667
Miconia lappacea (DC.) Triana NY 987622
Miconia lasseri Gleason NY 1855441
Miconia lateriflora Cogn. NY 987629
Miconia lepidota DC. UPCB 42885
Miconia longifolia (Aubl.) DC. NY 1652945
Miconia longispicata Triana NY 1653140
Miconia macrothyrsa Benth. UPCB 45852
Miconia manauara R.Goldenb., Caddah & Michelang. NY 1365178
Miconia matthaei Naudin NY 3908150
Miconia mattogrossensis Hoehne UPCB 84433
Miconia melinonis Naudin NY 1098169
Miconia minutiflora (Bonpl.) DC. EAC 31502
Miconia mirabilis (Aubl.) L.O.Williams UPCB 68361
Miconia myriantha Benth. NY 1855439
Miconia navioensis Wurdack NY 229270
Miconia nervosa (Sm.) Triana NY 2714376
Miconia phaeophylla Triana NY 1653672
Miconia platypoda Gleason NY 229308
Miconia poeppigii Triana NY 925198
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Species Voucher
Miconia prasina (Sw.) DC. SP 4826
Miconia pubipetala Miq. UPCB 82023
Miconia punctata (Desr.) DC. US 2915540
Miconia pyrifolia Naudin FLOR 64670
Miconia racemosa (Aubl.) DC. NY 01097964
Miconia radulifolia (Benth.) Naudin INPA 249770
Miconia regelii Cogn. P 579021
Miconia renatogoldenbergii Meirelles & Bacci NY 1100184
Miconia rhytidophylla Naudin UEC 50390
Miconia rimachii Wurdack NY 38514
Miconia rubiginosa (Bonpl.) DC. UPCB 83802
Miconia rufescens (Aubl.) DC. NY 1467406
Miconia ruficalyx Gleason HUEFS 234000
Miconia sagotiana Cogn. P 107981
Miconia santaremensis Wurdack HUFU 79578
Miconia secundiflora Cogn. U 1395226
Miconia serialis DC. NY 2479084
Miconia serrulata (DC.) Naudin MBM 235445
Miconia splendens (Sw.) Griseb. UPCB 84224
Miconia staminea (Desr.) DC. HUCP 13984
Miconia stelligera Cogn. NY 1738531
Miconia stenostachya DC. NY 748818
Miconia stephananthera (Naudin) Michelang. IAN 89525
Miconia tetraspermoides Wurdack F 66114
Miconia tomentosa (Rich.) D.Don CEN 83860
Miconia traillii Cogn. FLOR 64682
Miconia trinervia (Sw.) D.Don NY 1738648
Miconia truncata Triana F V0181332F
Miconia tschudyoides Cogn. F V0181331F
Miconia wagneri ].EMacbr. NY 1075588
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species (see discussion below). As research on
Amazonian species progresses, it is expected
that at least some of them will be considered as
synonyms (as suggested by Goldenberg ef al. 2024).
Complete descriptions and comments on species
circumscriptions can be found in Oliveira (2019).

Key descriptors and images

To allow species discrimination, 36
characteristics were chosen as descriptors, with
114 character states associated with them. The
full character table is presented below (Tab. S1,
available on supplementary material <https://
doi.org/10.6084 / m9.figshare.31115269>). The
descriptors have two to nine states, but most of them
have only two (47%), three (19%), or four states (22%).
Each characteristic and character state is presented
along with a brief description and an illustration.
These illustrations include 140 original images (66
vegetative, 63 reproductive, and 11 measurements),
along with a digital photo of a herbarium specimen
for all species. In some cases, a ludic approach to the
drawings was taken to illustrate tactile feeling states
or size measurements (Fig. 5).

A 36 Descriptors

1 € Habito: Forma de crescimento

2 € Ramos jovens: Forma

3 € Ramos jovens: Visibilidade da epiderme
4

€ Folhas: Comprimento dos peciolos

6 € Folhas: Consisténcia da lamina

7 @ Folhas: Nervuras principais (primaria mais
secundarias acrodromas)

8 @ Folhas: Venacéo

9 & Folhas: Base da lamina

10 € Folhas: Domécias

11 € Folhas: Apice da lamina

12 € Folhas: Margem da lamina

13 € Folhas: Cilios nas margens da lamina

14 € Folhas: Presenca de tricomas na superficie
abaxial

15 @ Folhas: Visibilidade da epiderme na superficie
abaxial

16 €3 Folhas: Tipo de tricomas

17 € Inflorescéncias: Ramos axilares

Q

]|
&
&

a
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Among the descriptors, 16 were vegetative
and 20 were reproductive: habit (1 character state),
young branches (2), leaves (13), inflorescences (4),
flowers (3), calyx (2), corolla (2), androecium (5), and
gynoecium (5). All the characteristics had information
gathered for at least 85 taxa (97%), except for the
ovary position and presence of connective glands,
with only 61 (69%) and 78 (89%) taxa assessed,
respectively. Twenty-nine characteristics were
polymorphic for at least one taxon, taxa that could
present two or more states. Across the 114 character
states, 16 can be considered rare (occurrence up
to 5% of the taxa) among Miconia from Paré: (1)
obovate blades; (2) papyraceous leaves; (3) leaves
with only three main veins (without a marginal
pair); (4) attenuated leaf base; (4) auriculate leaf
base; (5) cordate or cordulate base; (6) cuneate leaf
base; (7) truncated base; (8) leaf domatia; (9) rounded
leaf apex; (10) obtuse leaf apex; (11) absence of
trichomes on leaf surface; (12) glandular trichomes
on leaf surface; (13) inflorescences shorter than 1.8
cm; (14) umbelliform placement of flowers; (15)
tetramerous flowers; and (16) punctiform stigma.
Anther dehiscence and domatia were the most

Description

Possible states list

[] Unknown values

[J Ovada

[ Eliptica

[ Lanceolada
[] Oblanceolada
[] Oblonga

[] Obovada

Figure 2 — a-b. Screenshot of the description tab of the Xper3 platform of the digital interactive key of Miconia s.s. of the
state of Pard, where the descriptors and states coded in the “description model” are assigned to each taxon individually —a.
descriptors tab with every characteristic in the respective category; b. possible known character states of the study’s taxa.
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Descrit

Lista dos descritores

G

Edicéao dos Descritores

36 Descritores :z T (=) Os descritores com seus poderes de discriminacao

([

Habito: Forma de crescimento

L"'1 Visualizar a lista de todos os descritores com seus respectivos poderes de discriminagio |

8 Rarnosmvenstlslbllldade da epide ) Lista dos items
. Ramos jovens: Forma

_Folhas: Comprimento dos peciolos | =) Descrigdo de todos os items
. Folhas: Visibilidade da epiderme na =) Os descritores em forma de matriz
. Folhas: Presenca de tricomas na su
. Folhas: Tipo de tricomas

. Folhas: Nervuras principais (primari;
. Folhas: Venagédo (=) As estatisticas da base
0.Folhas: C &ncia da lamina

Todas as ilustracoes da base

1.Folhas: Base da lamina

2. Folhas: Margem da lamina

3. Folhas: Cilios nas margens da lamina
4.Folhas: Domacias

5. Inflorescéncias: Ramos axilares

6. Inflorescéncias: Comprimento
7.Inflorescéncia: Disposicao das flores nos ramos distais
8. Flores: Forma do hipanto

9. Flores: Comprimento do hipanto

0. Flores: Merosidade

1. Corola: Comprimento das pétalas

2. Corola: Margem das pétalas

2 _Cilica: Farma dne Inhne intarnne

1
2
3
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5
6
7
8
g
1
1
1
1
1
1
1
1
1
1
2
2
2
2
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Condigdes de inaplicabiidade  Grupos

Definigdo Tlustracées PaifFihos Grupos

Figure 3 — Screenshot of the Xper2 database of the digital interactive key of Miconia s.s. of the state of Pard, Brazil. The
discrimination index calculating tool of the Xper2 software is highlighted in blue in the window tab (“janela” in Portuguese).

homogenous characteristics among the studied
taxa, with over 90% of them presenting with just
one of the character states (poricidal anthers: 90%;
absent domatia: 98%). The three most efficient
(with greater discriminatory value) characteristics
were (1) leaf trichome types (X =0.7, MS =0.22; ] =
0.78); (2) flower organization in inflorescence distal

4 Descriptors History (13)

da epid dos ramos

epidermes a olho nu.

1)

parcialmente
1)

Inflorescéncias: Ramos axilares
Ramos desenvolvidos nas regides axilares dos ramos férteis.

coEm -

Densidade do indumento presente nas inflorescéncias em funcdo da visibilidade de suas

Epiderme visivel a olho nu: nao cobertas por indumento ou cobertas apenas

branches (X =0.64; MS =0.36; ] =0.68); and (3) blade
consistency (X = 0.61; MS = 0.35; ] = 0.67).

Character variation among Miconia s.s.
species from Para, Brazil

The compilation of the database allowed us to
draw an archetypical Miconia s.s. from the studied

2 Remaining taxa Among 85

~
Miconia affinis

Miconia egensis

Epiderme néo visivel a olho nu: completamente cobertas por indumento Jieonia Fuficalyx

‘a b

Figure 4 — a-b. Screenshot of the digital interactive key of Miconia s.s. of the state of Pard, Brazil — a. illustrated descriptors
with a brief definition and all the possible states underneath. The green indicators stand for the corresponding taxa
represented by each state; b. the list containing the remaining and excluded taxa (black and grey font, respectively) for

the identification in progress.
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area, considering the most common character states
(occurrence in at least 50% of the taxa). Therefore,
Miconia s.s. in Para are, in general, as follows:
shrubs (84%) or trees (64%) with quadrangular
young branches (62%), with an invisible epidermis
through the indument (63%); leaves without
domatia (98%); petiole 4.5-37 mm long (69%: 4.5-14
mm long; 62%: 15-37 mm long); chartaceous leaf
blade (50%), elliptic (77%), with acute base (47%)
and acuminated apex (67%), basally veined (72%),
3-nerved with two faint marginal veins (78%); entire
blade margin (71%) and eciliated (78%); stellate
trichomes (44%) covering the abaxial surface of
the leaf blades (71%), but keeping the epidermis
visible (62%); inflorescences 1.8-15.3 cm long (85%),
without axillary branches (81%); inflorescence with
scorpioid distal branches (63%) or glomerulate
(61%), and inflorescence branch epidermis not
visible through indument (64%); pentamerous
flowers (92%), hypanthium up to 1.8 mm long (52%),
campanulate to semi-elliptic (62%); calyx with
triangular internal lobes (61%), persistent sepals in
fruit (61%); eciliated petals (92%), 2.6-3.5 mm long
(50%); dimorphic stamens (94%) with poricidal
anthers (92%); prolonged connectives (70%), with

y

Lopes R et al.

two ventral (72%) and one dorsal (61%) projections,
without connective glands (89%); straight styles
(51%) with capitate or discoid stigma (52%), inferior
ovaries (58%) with apical indument (61%).
Considering the best discerning characteristics
for Miconia s.s. in the state of Para (see above), it is
possible to group morphologically similar species.
The diversity of trichome types on the abaxial leaf
surface allows for the recognition of eight distinct
groups: 39 taxa (44% of the evaluated taxa for this
character) present stellate trichomes on the abaxial
surface of leaves, while 20 (22%) present dendritic, 16
(18%) arachnoid, 11 (12%) lepidote, 11 (12%) simple,
6 (6%) scaly, and 1 (1%) glandular trichomes. Only
three species (3%) have glabrous leaves. Considering
leaf consistency, 44 taxa share chartaceous leaves
(50%), while 30 (34%) present membranaceous,
16 (18% of taxa) coriaceous, and 5 papiraceous
leaves (5%). Finally, the flower organization at the
inflorescence distal branches groups species in four
different ways: dichasial flowers occur in 38 taxa
(43%), scorpioid to subscorpioid in 28 taxa (31%),
glomerulate to subglomerulate in 27 taxa (30%),
while umbeliform distal branches occur in only
3 taxa (3%). Eleven species share the three most

Figure 5 — a-f. Tactile and size characters illustrated by ludic drawings, exemplifying harder to illustrate Miconia s.s.
characters and states — a. hand feeling the leaf consistency; b. leather representing a coriaceous leaf consistency; c. ruler
measuring the petiole length; d. paper sheet illustrating a membranaceous leaf; e. deck of cards representing a chartaceous
leaf consistency; f. toilet paper to represent a papyraceous leaf consistency.
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common character states: chartaceous leaves with
the abaxial leaf surface covered by stellate trichomes
and dichasial inflorescences: M. affinis, M. alata, M.
alternans, M. dolichorrhyncha, M. egensis, M. elegans,
M. prasina, M. pyrifolia, M. regelii, M. serrulata, and
M. staminea.

New records of Miconia species for the
state of Para:
Miconia aulocalyx Mart. ex Triana.
Material examined: Abaetetuba, Balnedrio do Zico,
16.V1.2018, Oliveira 4655 (MG, HIFPA).

Miconia bracteata (DC.) Triana.
Material examined: Santa Bdrbara, 15.1.2011, Rocha 31
(MG), Rocha 41 (MG).

Miconia campestris Benth. & Triana.
Material examined: Tomé-Acu, down Rio Acard 1/2 km,
overflow bank, 24.VII.1931, Mexia 5964-a (NY).

Miconia cowanii Wurdack.

Material examined: Almeirim, Monte Dourado, estrada
do Munguba, 8.XI1.1978, Santos 508 (HF, MAC, MG, NY).
Altamira, cachoeira de Curud, 4.X1.1977, Prance 24843
(UECQ). Belém, Parque Estadual do Utinga, 26.1.2017,
Freitas 49 (IAN, MG). Jacund4, comunidade Nossa Senhora
de Fatima, 5.11.2000, Miranda 564 (INPA). Oriximin4,
Rio Trombetas, 8.VI1.1980, Cid Ferreira 1356 (MO, NY);
31.VIL.1980, Cid Ferreira 1948 (MO, NY); 1997, Barbosa
145 (INPA); 8.V.2017, Soares 20 (INPA); parte de baixo da
Serra Sacazinho, 13.X1.1987, Cid Ferreira 9613 (MO, NY);
mineragdo Rio do Norte, 2.X1.1985, Menandro 52 (CEPEC);
6.X1.1985, Menandro 56 (CEPEC). Novo Progresso, Serra
do Cachimbo, 20.VII1.2003, Silva 3963 (IAN); 21.VIIL.2003,
Nascimento 3991 (MG, USP). Portel, arredores do seringal,
16.X1.1963, Oliveira 3061 (IAN).

Miconia rhytidophylla Naud.
Material examined: Castanhal da Boa Vista, 1.11.1910,
Ducke (MG 10628).

Miconia stelligera Cogn.
Material examined: Obidos, Rio Branco de Obidos,
17.X11.1913, Ducke 15186 (RB, MG).

Miconia traillii Cogn.

Material examined: Gurupd, mata de terra firme,
14.X.1918, Ducke (MG 17207). Parauapebas, Floresta
Nacional de Carajds, 4.XI1.2015, Goldenberg 2252 (MG);
6.X11.2018, Oliveira 4517 (MG); Oliveira 4538 (MG).

Miconia tschudyoides Cogn.
Material examined: Tomé-agu, 7.X11.1999, Oliveira 70
(TAN).

Excluded species of Miconia for the state
of Para
Miconia biglandulosa Gleason.

The distinction between this species and M.
tomentosa (Rich.) D.Don is obscure (Goldenberg et al.
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2024), and M. biglandulosa has long been recognized
as a variation of M. tomentosa (Wurdack 1980).
Miconia tomentosa is widespread in the state of Par4,
and the only two herbarium specimens identified
as M. biglandulosa (Sobral 10564 and Silva 1015) were
redetermined as M. tomentosa (Oliveira 2019).

Miconia dodecandra Cogn.

Miconia dodecandra has been mainly
differentiated from M. mirabilis (Aubl.) L.O.Williams
by its externally pubescent hypanthium. However,
specimens with a gradation between the typical
forms have been found (Wurdack 1973), and this has
raised a hypothesis of conspecificity (Goldenberg
et al. 2024). The only two herbarium specimens
identified as M. dodecandra (Silva 1269 and Labiak
8462) were redetermined as Tococa subciliata (DC.),
Triana, and Miconia mirabilis (hypanthium with only
scattered pubescence).

Miconia lourteigiana Wurdack.

The only two herbarium specimens from the
state of Pard identified as M. lourteigiana (Ribeiro s.n.
[US 2789894] and Santos 566) actually represent M.
navioensis Wurdack (Oliveira 2019). Both species
can be set apart by the stamens with smaller, apical
anther pores and connectives with two ventral
projections in M. lourteigiana vs. stamens with larger,
ventral anther pores and connectives with only a
dorsal projection in M. navioensis (Meirelles 2015).

Miconia stellulata Gleason.

The only two herbarium specimens from
the state of Pard identified as M. aff. stellulata
(Sobral 9708 and Sobral 9928) were redetermined
as M. aff. rimachii (Oliveira 2019). Although these
herbarium specimens present additional axillary
inflorescences, which are common in M. stellulata
and absent in M. rimachii Wurdack, leaf indument
and venation diverge largely, raising doubts about
their identification. Additional analysis should be
done on these specimens to securely define their
identity.

Miconia tetrasperma Gleason.

The only herbarium specimen from the
state of Pard identified as M. tetrasperma (Prance
25822) was redetermined as M. tetraspermoides
Wurdack (Oliveira 2019). According to Wurdack,
both species are morphologically very similar,
differing by their leaf margins (undulate and
denticulate in M. tetraspermoides vs. flat and entire
in M. tetrasperma) and trichome size (0.15-0.2 mm
diam. in M. tetraspermoides vs. 0.07-0.1 mm diam.
in M. tetrasperma).

The Amazon is one of the most challenging
biomes in the world when it comes to biodiversity
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knowledge, as it has a high degree of species
richness and large undersampled areas (Hopkins
2007; Cardoso et al. 2017). As is common for
undersampled but rich vegetation, taxonomic
tools developed for biodiversity identification are
quickly considered outdated because of continuous
discoveries (Bittrich et al. 2012). Interactive keys
in Brazil are still relatively uncommon and could
represent an alternative tool to increase knowledge
of biodiversity.

In this study, we produced an interactive,
multiple-access, digital key for the identification
of Miconia species in the state of Pard, northern
Brazil. It encompasses a large portion of the
genus diversity in the Amazon. Xper3 analytical
tools allowed us to infer the three most useful
characters for recognizing Miconia species, two
from vegetative organs and one from reproductive
organs. This objective result will have a significant
impact on the rapid recognition of species of this
megadiverse genus, both for specialists and general
botanists, in the field or in herbaria. As we carried
out a broad review of herbarium records, mainly
in the MG herbarium, to produce a comprehensive
key, we also detected eight new records for the state
as a side result of this study.

As an online tool, the key can also be
continuously enhanced by adding new character
states when a species polymorphism is observed or
by filling in missing information. The more complete
the key, the more trustworthy the identification will
be. In addition to species identification of Miconia
s.s. in Pard, it can also be used as a template for
producing new Miconia s.s. keys or simply be
updated to contemplate more inclusive and/
or natural regions. Producing digital interactive
keys for Miconia s.s. for each state in the Brazilian
Amazon domain could represent an efficient
strategy for tackling the enormous taxonomic
challenge facing the genus in this region. Since
species develop unique morphological variations
across geographical areas, the character states
selected for this study should be reassessed when
used as a template for other interactive keys. Since
the species described within the key possess many
characteristics specific to the genus, its usefulness
as a template for other taxa is limited. However,
some of the images developed here may still be
useful for other genera within Melastomataceae,
or even for other families. Since the tool produced
in this study is open access, it also contributes
to the reassessment of data, building a cohesive
collaborative effort in taxonomy studies.
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