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RESUMO

A apicultura é uma atividade agropecuaria de grande relevancia e com reconhecido
papel socioeconémico, sociocultural e socioambiental. Além da produgéo de produtos
como mel, prépolis e cera, as abelhas desempenham um servico ecossistémico
crucial: a polinizacdo de cultivos agricolas e de ambientes naturais. No Brasil, essa
pratica tem crescido cada vez mais, com destaque para o Rio Grande do Sul, que
segue entre os principais estados produtores de mel h4 mais de uma década.
Contudo, apesar da importancia reconhecida das abelhas, as dindmicas predatorias
de uso da terra, com a ampla supressdo da vegetacdo nativa, representam uma
ameaca constante a salude e a sobrevivéncia desses polinizadores. Neste contexto,
estudar a flora nativa utilizada por abelhas € um passo essencial para o planejamento
de préticas apicolas sustentaveis, que favorecam a saude dos polinizadores e a
conservacao vegetal nas areas de producdo. Com este objetivo, o presente estudo
investigou, por meio da andlise do pdlen apicola, quais sdo as espécies nativas de
uma regido do Bioma Pampa brasileiro com potencial para compor &reas de apicultura
e como ocorre a distribuicdo de suas floradas ao longo do ano. Foram realizadas
coletas quinzenais de pdlen corbicular em quatro colmeias ao longo de um ano
(novembro de 2023 a outubro de 2024), bem como de plantas férteis no entorno do
apiario. A partir do pélen das flores coletadas foi elaborado o laminario palinolégico de
referéncia. A identificacdo do pdlen corbicular foi realizada através do método padrao
de analise palinologica de laminas com material acetolisado e, alternativamente,
analise molecular por meio da técnica de DNA metabarcoding. Além disso, foi avaliada
a abundancia e a riqueza das espécies ao longo dos meses. Apés um ano de coletas,
foram detectadas 58 plantas forrageadas por Apis mellifera, das quais 46 foram
identificadas a nivel de espécie, sendo 33 nativas. Os dados de abundéancia e riqueza
apresentaram variacdes significativas ao longo do ano, com os maiores valores
concentrados entre os meses de agosto e dezembro, seguidos de um pico em margo.
Os tipos polinicos de destaque foram: Eugenia uniflora, Eucalyptus sp., Senecio
brasiliensis e Solidago chilensis. Com relacdo ao resultado do metabarcoding,
observou-se uma maior sobreposi¢cdo com os dados da palinologia quando a analise
foi feita contra uma biblioteca preparada a partir das analises palinoldgicas. Os
resultados indicam que a analise palinolégica ainda é o método mais confiavel para

detectar a origem boténica de produtos oriundos de regides cuja diversidade genética



da vegetacao néo esta totalmente representada em bancos de dados. A diversidade
de plantas nativas do Bioma Pampa brasileiro utilizadas por A. mellifera evidencia seu
potencial para suprir a forragem apicola. Estes dados contribuem tanto para a
palinologia das espécies apicolas quanto para complementar estudos de conservacgao
ambiental, além de auxiliar o desenvolvimento de estratégias de manejo da apicultura

sustentavel na regiao.

Palavras-Chave: Apis mellifera, apicultura, palinologia, DNA metabarcoding.



ABSTRACT

Beekeeping is a highly relevant agricultural activity with a recognized socio-economic,
socio-cultural and socio-environmental role. In addition to producing products such as
honey, propolis and wax, bees perform a crucial ecosystem service: pollination of
agricultural crops and natural environments. In Brazil, this practice has been growing
more and more, especially in Rio Grande do Sul, which has been one of the main
honey-producing states for more than a decade. However, despite the recognized
importance of bees, the predatory dynamics of land use, with the widespread
suppression of native vegetation, represent a constant threat to the health and survival
of these pollinators. In this context, studying the native flora used by bees is an
essential step towards planning sustainable beekeeping practices that favor pollinator
health and plant conservation in production areas. To this purpose, this study
investigated, by analyzing bee pollen, which native species in a region of the Brazilian
Pampa Biome have the potential to be used in beekeeping areas and how their flowers
are distributed throughout the year. Corbicular pollen was collected every two weeks
from four hives over the course of a year (November 2023 to October 2024), as well
as from fertile plants around the apiary. The reference palynological laminarium was
drawn up from the pollen collected from the flowers. The corbicular pollen was
identified through palynological analysis of slides with acetolyzed material and
molecular analysis using the DNA-metabarcoding technique. In addition, the
abundance and richness of species over the months was assessed. After a year of
collecting, 58 plants foraged by Apis mellifera were detected, of which 46 were
identified to species level, 33 of which were native. The abundance and richness data
showed significant variations throughout the year, with the highest values concentrated
in the months of August to December, followed by a peak in March. The most common
pollen types were Eugenia uniflora, Eucalyptus sp., Senecio brasiliensis and Solidago
chilensis. With regard to the metabarcoding results, there was a greater overlap with
the palynology data when the analysis was carried out against a library prepared from
these results. The results indicate that palynological analysis is still the most reliable
method for detecting the botanical origin of products from regions where the genetic
diversity of the vegetation is not fully represented in databases. The diversity of native

plants from the Brazilian Pampa Biome used by Apis mellifera shows their potential to



supply bee forage. These data contribute both to the palynology of bee species and to
complementing environmental conservation studies, as well as aiding the development

of sustainable beekeeping management strategies in the region.

Keywords: Apis mellifera, beekeeping, palynology, DNA-metabarcoding.
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1 INTRODUCAO

A populacdo mundial enfrenta uma crise socioambiental sem precedentes,
com previsdes catastroficas que exigem grandes intervencdes, tais como o
desenvolvimento de estratégias para mitigar a degradacéo e supressao das areas
de vegetacdo nativa em todo o planeta, diretamente atrelada ao amplo declinio da
biodiversidade mundial (Brondizio et al., 2019).Tal crise €, em grande parte,
decorrente de décadas de uma mercantilizacdo industrial dos multiplos setores
econdmicos que, impulsionada pelo grande capital hegemonico e seus modos de
producdo e consumo vigentes, se desenvolveu de maneira predatéria em relacdo
ao meio ambiente, comprometendo seu equilibrio e oferta de recursos
ecossistémicos essenciais, (Vieira, Junior e Zanon et al., 202; Marques, 2022).

No Brasil, a degradacdo ambiental € um tema recorrente, e 0 Pampa se
destaca como o bioma com a menor proporcao de areas protegidas por unidades
de conservacgéao (Trevisan et al., 2020). Em paralelo, é também o bioma que sofreu
a maior perda proporcional de vegetagdo nativa nos ultimos 36 anos, com a
supressdo de 3,4 milhdes de hectares dessa vegetacdo entre 1985 e 2021,
conforme dados do MapBiomas (2022).

A ampla degradacao e descaracterizacdo das paisagens do Pampa esta
fortemente relacionada ao uso ambientalmente negligente do mesmo, com uma
vasta expansao de grandes areas de monocultura, especialmente de soja e
silvicultura, além da pecuéria extensiva, desenvolvida em pastagens compostas por
espécies exoticas (Trevisan et al, 2020). Neste contexto, destaca-se a urgéncia do
desenvolvimento de estratégias de conservagdo que promovam a transicdo das
préaticas de manejo ostensivo e socioambientalmente degradantes da agropecuaria
vigente, para modelos mais sustentaveis e agroecoldgicos (Aguiar e Werner, 2022).

Dentre as atividades agropecuarias desenvolvidas no referido bioma, a
apicultura, criacéo racional de abelhas meliferas do género Apis, se configura como
uma pratica de grande relevancia, visto que se reconhece um amplo potencial
ecologico, econdmico e de desenvolvimento social atrelado a mesma, por
possibilitar a geracdo de renda em concomitancia com a preservacao da
biodiversidade nas areas de producgéo (Wolff, 2018).

Portanto, este estudo se estruturou dada a importancia da apicultura, e a
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possibilidade de fazer dessa atividade um meio de promocao da preservacao da
biodiversidade vegetal em suas areas de desenvolvimento. O objetivo da pesquisa
foi determinar, por meio da identificacéo do polen coletado pelas abelhas, quais sdo
as espécies vegetais presentes em uma area localizada no dominio fitogeografico
do Pampa brasileiro sédo relevantes para o pasto apicola, bem como entender a
disponibilidade temporal das diferentes fontes de recursos florais. Dessa forma, visa
favorecer o desenvolvimento socioambiental da regido e fornecer ferramentas para

o planejamento de areas de produc¢do agroecoldgicas.

1.1 Apicultura

A criacdo de abelhas para o consumo de seus produtos € uma pratica que
remonta a antiguidade, tendo se iniciado ha, aproximadamente, 2.400 anos a.C.
pelos povos egipcios, em colmeias construidas a partir de uma mistura de barro e
palha (Kritsky, 2017; Pereira et al., 2023). Mesmo antes do desenvolvimento das
primeiras técnicas de manejo de abelhas, os produtos da colmeia ja eram
consumidos quando encontrados, havendo, inclusive, registros de artefatos
construidos a partir da cera com datacdo muito anterior as primeiras evidéncias de
apicultura propriamente dita (Kritsky, 2017).

Os primeiros registros de interacdo dos humanos com as abelhas retratam o
consumo do mel e cera de colmeias encontradas, muitas vezes culminando na
destruicdo das colbnias (Halvaci et al., 2024). O inicio da apicultura propriamente
dita € marcado pelo momento em que as colbnias passaram a ser criadas,
eliminando a necessidade de cacar o mel e evitando a morte da colmeia durante a
coleta de seus produtos. Desde o0 seu inicio até os tempos atuais, essa pratica ja se
desenvolveu isoladamente de multiplas formas distintas e nas mais variadas regioes
do mundo (Kritsky, 2017).

No decorrer do tempo, a prética apicola foi se aprimorando cada vez mais,
com a criacao de colmeias artificiais cada vez mais elaboradas, o desenvolvimento
de técnicas cada vez mais eficientes de extracdo do mel, além do acumulo de
informacgdes acerca do ciclo de vida e do comportamento das abelhas (Gupta et al.,
2014). De acordo com os referidos autores, a criacdo da colmeia com estrutura movel
e autoespacada desenvolvida por L.L. Langstroth por volta de 1850 é considerada

uma das principais invenc¢des ao longo desse percurso, assim como a base de cera
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pré-fabricada que auxilia e poupa energia das abelhas. Além destas, muitas outras
inovacdes surgiram e surgem até hoje com o intuito melhorar as condi¢cdes de
trabalho e otimizar a producéo.

Atualmente, a apicultura € uma pratica global e multifacetada, que vai desde
a extracao dos produtos da colmeia até a polinizacao de culturas agricolas (Martinho
et al., 2022). Embora a comercializacédo dos produtos apicolas ainda seja o seu foco
principal, é crescente o reconhecimento e interesse pelo servico de polizinacédo
desempenhado pelas abelhas (Etxegarai-Legarreta e Sanchez-Famoso, 2022; Papa
et al., 2022), do qual dependem tanto sistemas agricolas quanto ambientes naturais
(Khalifa et al., 2021).

Trata-se de uma atividade amplamente defendida como propulsora de
beneficios multissistémicos, pois gera empregos diretos e indiretos, contribui para o
desenvolvimento rural sustentavel, além de atuar na promocao da sustentabilidade
(Etxegarai-Legarreta e Sanchez-Famoso, 2022). O conjunto de bens e servigos
gerados pela apicultura sdo traduzidos pelos autores acima como um sistema
complexo de trés dimensodes inte-relacionadas e em constante transformacéo, sendo
estas: a dimensao sociocultural, socioambiental e socioeconémica, ndo devendo
esta Ultima se sobrepor as demais em hipotese alguma.

Cabe ressaltar que, apesar dos comprovados beneficios oriundos da
apicultura, essa atividade se desenvolve a partir da criacdo de uma espécie exdbtica
mantida em alta densidade. Neste contexto, estudos evidenciam que a presenca de
Apis mellifera L. pode trazer impactos negativos para espécies de polinizadores
nativos, sobretudo pela competi¢cdo por recursos e locais de nidificacdo, além de
influenciar nas dinamicas de interacdo planta-polinizador em ecossistemas naturais
(Herrera, 2020). Tais efeitos podem ser potencializados ou mitigados a depender do
grau de sobreposicéo de nicho, da densidade populacional das abelhas manejadas
e selvagens, bem como da disponibilidade de recursos (Mallinger, Gaynes-Day e
Grantton,2017). Diante disso, € essencial que a apicultura seja conduzida de forma
consciente, com pleno reconhecimento de seus potenciais impactos ecoldgicos e da
necessidade de adocao de estratégias que conciliem a producdo com a conservacao

da biodiversidade em suas areas de desenvolvimento (Oddie e Dahle, 2024).
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1.1.2 Produtos apicolas

Além do mel, da colmeia também se pode extrair uma gama de outros
produtos, como: a cera, elaborada pelas abelhas por meio de suas glandulas
cerigenas e utilizada na construgdo dos favos; a propolis, elaborada a partir de
resinas coletadas em arvores, acrescidas de cera, polen acidos e gorduras, sendo
utilizada para isolar, proteger e higienizar a colmeia; a geleia real, substancia
secretada pelas glandulas hipofaringeas das abelhas jovens, utilizada para a
nutricdo das larvas das operarias e zangdes até o terceiro dia de vida e da rainha
durante toda a sua existéncia; a apitoxina, veneno natural das abelhas, utilizado em
casos de ameaca; o poélen apicola, que € o polen coletado das flores, acrescido de
néctar e substancias salivares e moldado em alvéolos para ser levado a colmeia; o
pao de abelha, principal fonte proteica das abelhas, elaborada a partir do pdlen
apicola acrescido de mel e armazenado em favos onde é fermentado por bactérias
lacticas (Nordi 2014) .

Estes produtos apresentam uma infinidade de aplicacdes e vém ganhando
cada vez mais espaco e notoriedade no mercado global, especialmente em
industrias alimenticias, farmacéuticas e cosméticas (Dantas et al., 2024). Em virtude
do crescente interesse pelo consumo de alimentos naturais e terapias alternativas,
a apiterapia, que consiste no uso terapéutico de produtos apicolas, tem conquistado
espaco e aumentado a busca por estes produtos em diversos paises (Nordi 2014;
Bava et al 2024). Isso se da em razdo da sua composicdo com propriedades
nutracéuticas e farmacoldgicas, rica em compostos bioativos que podem conferir
acOes anti-inflamatodria, antibacteriana, antioxidante, imunomoduladora, proé-
apoptéticas, antiproliferativas, antimetastaticas e cicatrizante (Bava et al., 2024).

Como mencionado anteriormente, sdo multiplos os usos e beneficios gerados
pelos produtos extraidos das colmeias, indo desde a producdo de alimentos e
medicamentos, até a elaboracdo de cosméticos, velas, impermeabilizantes, dentre
outros (Nordi, 2014; Bava et al 2024; Dantas et al., 2024). Essa gama de
possibilidades refor¢a a importancia da apicultura do ponto de vista socioeconémico
e sociocultural, e como tal, é fundamental que seja realizada de modo sustentavel e

ético, com a retirada moderada de produtos, sempre respeitando as necessidades
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das abelhas, seus ciclos naturais de vida, os limites da colmeia e do ambiente onde

estao inseridas (Baumung et al., 2021; Velardi et al., 2021).

1.1.3 Apicultura no Brasil

O inicio da apicultura no Brasil se deu por volta de 1839, quando o padre
Antbnio Carneiro veio ao pais trazendo colbnias de Apis mellifera mellifera de
Portugal, as abelhas européias. Por falta da adaptacéo as condic¢des climéticas e por
ndo serem tao resistentes, a producdo de mel da época era muito baixa e muitas
colénias se perderam para algumas doencas. Por tais razbes, em 1956 rainhas da
subespécie africana Apis mellifera scutellata foram trazidas para o Brasil para fins de
estudos, onde, por acidente, conseguiram escapar e cruzar com as abelhas
europeias presentes na regido, resultando em descendentes poli-hibridos

conhecidos como abelhas africanizadas (Gorroi, 2020; Pereira et al., 2023).

Diversos fatores contribuiram para que a abelha africanizada rapidamente se
expandisse pelo Brasil, como sua facil adaptacdo a diferentes condi¢cdes ambientais,
sua maior resisténcia a doencas, sua alta capacidade reprodutiva, maior frequéncia
de enxameacao e abandono de ninho, além do seu comportamento defensivo, razao
pela qual muitos acidentes ocorreram na época, fazendo com que a apicultura
brasileira entrasse em colapso (Gorroi, 2020). Com o passar do tempo,
pesquisadores em parceria com apicultores desenvolveram diversas estratégias de
adaptacédo das técnicas tradicionais de manejo, para tornar possivel o trabalho com
uma espécie tdo defensiva, e foi entdo que a apicultura voltou a se restabelecer no
pais (Pereira et al., 2023).

Somadas aos atributos das abelhas africanizadas, a diversidade vegetal
encontrada no Brasil e seu clima favoravel garantem ao pais condi¢des ideais para
o desenvolvimento dessa atividade (Almeida, 2024). Como reflexo disso, no ranking
mundial de producdo de mel o Brasil ocupa a 11 posi¢ao, tendo atingido o proprio
recorde em 2023, com mais de 64 mil toneladas produzidas (Silva e Barbalho, 2024).

No territério nacional a atividade apicola é conduzida, em sua maioria, por
pequenos produtores, que veem nela uma oportunidade de complementar a renda
familiar (Silva e Barbalho, 2024). Estima-se que cerca de 350 mil brasileiros tenham
na apicultura uma fonte direta de renda, e quase o triplo de pessoas possua

indiretamente alguma renda ligada a essa cadeia produtiva (Almeida, 2024). Dentre
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os Estados brasileiros, o Rio Grande do Sul se destaca na producéo apicola ha mais
de uma década, com uma pratica essencialmente desenvolvida em pequena e média
escala, complementando a agricultura familiar em pequenas propriedades rurais e
colaborando com o aumento da renda e a fixacdo dessas familias no campo (Wolff,
2018).

Além da venda dos produtos da colmeia, a apicultura no Brasil também esta
fortemente atrelada a producédo agricola, por meio da polinizacdo de culturas.
Diversos animais atuam como polinizadores e sdo essenciais do ponto de vista
dessa producao, de modo que, ao menos 60% de todos os tipos de culturas séo
dependentes desse servico em diferentes niveis (Lopes et al., 2021). Dentre os
polinizadores, as abelhas predominam, sendo as principais responsaveis pela
polinizagcdo de culturas, contribuindo efetivamente para o aumento da producéo e
gualidade de frutos e sementes (Lopes et al., 2021; Santos, Otesbelgue e Blochtein,
2021).

Tratando-se  especificamente de Apis mellifera, estima-se que
aproximadamente R$ 65 bilhdes dos lucros da producdo atual do pais estejam
atrelados ao seu servico de polinizacdo (Pereira, 2023). O reconhecido sucesso
dessa espécie se deve, em grande parte, ao fato de ser a mais utilizada em
processos de polinizagdo dirigida de cultivos comerciais. A preferéncia por essas
abelhas é decorrente de uma série de fatores, tais como sua alta densidade
populacional, seu habito generalista na coleta de recursos, seu facil manejo, e sua
ampla distribuicdo geogréfica (Da Silva e Junior, 2022).

Apesar dos comprovados beneficios econdmicos que apicultores e produtores
rurais podem obter a partir dessa parceria, o Brasil segue inserido em uma cadeia
produtiva marcada pelo uso excessivo de pesticidas, o que ameaca diretamente a
saude dos polinizadores, tornando tais ambientes inimeras vezes inapropriados

para a apicultura (Santos, Otesbelgue e Blochtein, 2021).

1.2 Flora Apicola e polinizagdo

A flora apicola de uma regido, também conhecida como pasto apicola, €
caracterizada pelo conjunto de plantas ali presentes que oferecem recursos atrativos

para as abelhas. As espécies que compdem essa flora podem ser nectariferas,
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guando fornecem exclusivamente néctar, poliniferas, quando fornecem
exclusivamente pélen, ou nectariferas-poliniferas quando fornecem ambos (Almeida
et al., 2003). Tanto o pdlen quanto o néctar sao recursos essenciais para a vida das
abelhas, dos quais obtém seus nutrientes e se derivam todos os alimentos
produzidos na colmeia (Diniz, Régo, Almeida Jr., 2020).

Quando coletam polen, as abelhas o armazenam em suas corbiculas —
estruturas localizadas no terceiro par de pernas — ap0s ser compactado com néctar
e saliva e moldado em alvéolos, formando uma unidade de carga denominada poélen
apicola, pellet ou pelota, que sera levada para a colmeia (Lopes et al., 2022). Exceto
em condicdes de escassez de alimentos, pélen oriundo de diferentes espécies nao
sdo misturados na mesma carga, cuja cor, forma e tamanho vai depender tanto da
espécie de origem, quanto do néctar utilizado no momento da coleta (Barth et al.,
2009). Por se tratar da sua principal fonte proteica, o consumo de poélen é
fundamental para o desenvolvimento, salde e longevidade desses individuos (Di
Pasquale et al, 2016).

Mesmo quando saem para coletar néctar, em suas visitas florais, as abelhas
ficam com o0s seus corpos recobertos com os graos de poélen das flores por onde
passou. Esse processo permite que, ao se deslocarem para outras flores, acabem
transferindo involuntariamente o polen para seus estigmas, facilitando o processo de

fertilizacdo e polinizacdo cruzada em muitas dessas plantas (Papa et al., 2022).

A capacidade de polinizar variadas espécies se deve ao seu habito alimentar
generalista. Sendo assim, para suprir suas necessidades nutricionais, as abelhas da
espécie A. mellifera visitam uma grande diversidade de flores, com as mais variadas
cores e formatos (Tamame e Muifio, 2024). Porém, o grau de importancia de uma
determinada espécie vegetal, do ponto de vista apicola, vai depender da sua
abundancia, da duracdo de sua floracdo, além da quantidade e composi¢cdo do
recurso ofertado (Almeida et al., 2003). J& a producéo de tais recursos € influenciada
por um conjunto de caracteristicas ambientais, tais como radiagdo solar,
temperatura, umidade do solo e do ar, altitude e frequéncia de chuvas. Em razéo
dessas condicdes, a flora apicola vai apresentar caracteristicas muito particulares a
depender da regido em que se encontra e do periodo do ano (Santos, Kill e Araujo,
2006).

Dessa forma, a diversidade de espécies vegetais que compdem a area esta
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diretamente relacionada a qualidade do pasto apicola, uma vez que o perfil
nutricional dos recursos ofertados varia de uma espécie para outra (Malagnini, 2022).
E comprovada a importancia de uma oferta diversificada de flores na garantia de
uma nutricdo equilibrada para as abelhas, refletindo diretamente em diversos
aspectos da sua saude e, consequentemente, na qualidade da sua producéo (Di
Pasquale et al., 2016; Filipiak et al., 2017). Além disso, a diversidade de flores nas
areas de producdo aumenta o volume de alimentos disponiveis, o que prolonga o
calendério floral, tornando prescindivel tanto a alimentacdo artificial quanto a
apicultura migratéria (Oddie; Dahle, 2024).

Além da disponibilidade e qualidade dos recursos alimentares, outros fatores
influenciam na saude das abelhas, afetando diretamente sua capacidade de
producédo e de prestacdo de servicos ecossistémicos, tais como o clima, o0 manejo
do ambiente onde vivem, e a presenca de residuos quimicos em suas areas de
forrageio (Di Pasquale et al., 2013; Olate-Olave et al., 2021). Por tais razbes, as
principais ameacas que 0s polinizadores enfrentam sdo comuns para ambos 0s
grupos, selvagens e geridos, sendo a destruicdo ou fragmentacédo de habitats e o
uso de pesticidas as ameacas mais urgentes, e razdes mais significativas da perda
de biodiversidade (Kovacs-Hostyanszki, 2017; Caro et al., 2022; Oddie e Dahle,
2024).

Nesse contexto, o investimento na diversificagdo vegetal com foco em
espécies nativas € um ponto indispensavel no planejamento de areas de producao
apicola sustentaveis, pois além de auxiliar no desenvolvimento das abelhas
meliferas de interesse, € fundamental do ponto de vista da conservacdo das
espécies de polinizadores nativos, garantindo que suas necessidades nutricionais
também sejam supridas (Oddie e Dahle, 2024; Mramba, 2025).

1.2.1 Identificac&o da Flora Apicola

A partir da identificag&@o do podlen coletado pelas abelhas é possivel determinar
guais espécies da composicéo floristica local sdo forrageadas (Borges, Silva e
Nascimento, 2021), e entender como ocorre sua distribuicdo ao longo das estac¢des.
Tal conhecimento pode ser adquirido tanto por meio de observacgdes diretas
do forrageio (Figura 1), quanto através de investigacdes acerca da origem botanica

dos produtos da colmeia. Atualmente, essas investigacdes podem se valer de
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diferentes métodos, tais como as tradicionais andlises palinolégicas ou mesmo o
sequenciamento do material genético dos graos de pdlen contidos nos produtos

apicolas (Richardson et al., 2015; Borges, Silva e Nascimento, 2021).

Figura 1- Registros fotograficos de Apis mellifera coletando pdlen de diferentes
espécies: (A) Schinus terebinthifolia Raddi. (B) Solidago chilensis Meyen (C)
Raphanus sativus L. (D) Commelina erecta L. (E) Blumenbachia sp. Schrad. (F)
Eugenia uniflora L. (G) P

Fonte: Autoria propria

Independente do método utilizado, o conhecimento da flora apicola de uma
regido é fundamental tanto para otimizar as a¢cées de manejo no apiario, como para
promover a preservacao das espécies nativas de plantas e demais polinizadores que
compdem a area, constituindo, assim, um sistema de producdo de base ecoldgica
(Reis et al., 2023; Singh et al, 2024).

1.2.2 Palinologia

O termo ‘palinologia’ foi inicialmente criado em 1945 pelos pesquisadores
Hyde e Williams para designar um ramo da botéanica que se dedicava ao estudo dos
grdos de podlen e esporos, sua dispersdo e suas aplicacdes. Posteriormente, em
1952, Erdtman definiu a palinologia como a ciéncia que estuda os graos de pdlen e
esporos, baseando-se em sua parede externa e ndo em seu interior vivo (Domingues
e Bitar, 2014). O avanco dessa ciéncia se deu em paralelo ao avanc¢o da microscopia
e ao desenvolvimento de métodos de tratamento polinico para sua melhor
observacéo (Salgado-Labouriau, 1973).

Atualmente a palinologia € uma ciéncia que se dedica ao estudo de
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palinomorfos fésseis e atuais, sendo estes os graos de polen e esporos das plantas
ou cistos de algas, dinoflagelados, foraminiferos, além de outros palinomorfos
encontrados em matéria organica de sedimentos (Correia, Francisco e Peruquetti,
2017) Sao multiplos os seus campos de aplicacdo, abrangendo areas como a
geopalinoligia, no estudo dos sedimentos; a aeropalinologia, nos estudo dos grao de
polen presentes na atmosfera; Melissopalinologia, em estudos do pélen contido no
mel; paleopalinologia, que estuda os palinomorfos fésseis encontrados em rochas;
palinotaxonomia, que consiste na identificacdo e descricdo taxonémica dos graos;
palinologia forense e entomopalinologia. (Lima-Ribeiro e Barbieri, 2005).

No contexto das analises de produtos apicolas, a melissopalinologia € um dos
campos de aplicacdo da palinologia que visa determinar a origem dos gréos de pdélen
contidos em sedimentos de amostra de mel, pois estes constituem um indicador da
origem botanica e geografica do produto (Barth, 2009). Além da analise do mel, a
origem botanica dos demais produtos da colmeia também pode ser igualmente
determinada por meio da identificacdo dos seus graos de polen, que podem passar
por diferentes tratamentos para sua posterior avaliacdo morfolégica (Doreto, 2019).

Os graos de podlen sao estruturas microscopicas complexas que carregam o
gameta masculino das flores, possuindo uma imensa variabilidade morfologica
(Correia, Francisco e peruquetti, 2017). Essas células possuem grande resisténcia
em virtude da composicdo da camada externa de sua parede celular, a exina,
formada por esporopolenina, um polimero altamente estavel, resistente e elastico. A
exina se divide em sexina (geralmente apresenta esculturas) e nexina (nao
esculturada) que, por sua vez, se divide em nexina um e dois. Ja a camada mais
interna da parede do grdo se chama intina e é composta por celulose (Figura 2)
(Domingues e Bitar, 2014).

Figura 2- llustracdo do gréo de pdlen de Phrygilanthus acutifolius (r. & P.) Eichl.
subsp. eugenioides (H.B.K.) Rizz, com destaque para suas estruturas. Em bl se

observa a exina e suas partes: sex. (sexina), nex.1 (nexina 1) e nex.2 (nexina 2).
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Fonte: Barth e Misumi, 2023

As andlises dos graos de polen envolvem, na maioria dos casos, 0 processo

de fossilizacao artificial proposto por Erdtman em 1960, conhecido como acetolise.
Esse método consiste na remogéo do conteudo interno do grdo por meio de uma
hidrélise &cida, o que facilita a visualizacao dos detalhes da exina (Gasparino e Cruz-
Barros, 2006).

Embora a acetélise seja 0 método mais utilizado, alguns gréos nao resistem
a esse tratamento e se desfazem. Nesses casos, geralmente se recorre a métodos
gue utilizam substancias menos agressivas, e que ndo removem completamente a
intina e o conteudo interno dos graos (Domingues e Bitar, 2014). Outra alternativa é
a observacao "in natura" utilizada por Barth (1989) que mantém o podlen intacto,
porém, dificulta a analise mais detalhada das morfologias polinicas.

O conjunto de caracteres morfolégicos encontrados nestas células que
permitem sua identificacéo incluem seus tipos de abertura, sua estrutura, a escultura
da sua parede externa, sua unidade polinica, seu formato e tamanho, além disso é
possivel avaliar se s&o isolados, como na maioria das espécies, ou agrupados. A
depender da quantidade de grédos, € possivel encontrar diades (dois), tétrades
(quatro), poliades (mais de quatro) ou massulas, quando sdo muitos graos fundidos
(Gasparino e Cruz-Barros, 2006; Domingues e Bitar, 2014).

Quanto maior a quantidade de caracteres morfologicos analisados, maior € o
grau de precisdo na identificacdo do poélen, sendo possivel, a depender do conjunto
de informacdes, chegar até o nivel de espécie (Correia, Francisco e Peruquetti,
2017). No entanto, a identificacéo dos graos de polen ocorre, mais facilmente, a nivel

de familia, de modo que nem sempre é possivel determinar a espécie de origem
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(Barth, 1989). Isso pode ocorrer, por exemplo, em virtude da pouca ou nenhuma
variabilidade morfoldégica que grdos de pdlen de grupos estenopolinicos podem
apresentar. Nestes casos, o poélen oriundo de diferentes espécies ou géneros pode
possuir aspectos muito semelhantes, com uma sobreposicdo morfolégica que
dificulta sua diferenciacdo (Gasparino e Cruz-Barros, 2006). Por esta razao,
conhecer a flora de origem é uma estratégia interessante no contexto das analises
palinolégicas de produtos apicolas, sendo possivel correlacionar as informacdes
para a obtenc&o de resultados mais precisos.

Embora a palinologia seja uma ferramenta importantissima para deteccdo da
origem botanica de produtos apicolas, a necessidade de um conhecimento
especializado somada ao tempo necessario para a andlise fez com que novos
meétodos fossem utilizados para tais finalidades, dentre eles, a analise molecular por

meio da técnica de DNA metabarcoding (Richardson et al., 2015).

1.2.3 DNA-metabarcoding

DNA metabarcoding é um termo que se refere a técnica molecular de
identificacdo de diferentes espécies contidas em uma amostra a partir da
amplificacdo e sequenciamento de regides especificas do DNA desses organismos
(Siméo, 2016). Trata-se de uma ferramenta poderosa cuja aplicacdo se da em
diferentes campos, como estudos de conservacdo e avaliacdo da biodiversidade,
monitoramento de dindmicas ecoldgicas, ou mesmo para detectar a origem vegetal
e a procedéncia de determinados produtos (Liu et al., 2019; Oliveira et al., 2023,
Daugaliyeva et al., 2024)

Quando aplicada no contexto de identificacdo da origem botanica dos
produtos apicolas, diferente das analises palinoldgicas cujo contetdo interno do gréo
€ dispensado e o resultado se da através do exame visual da morfologia polinica, as
analises por meio de DNA metabarcoding dependem justamente do contetdo interno
destas células.

A técnica utiliza marcadores universais presentes em regidées conservadas do
genoma dos organismos de interesse que possuem pouca variacdo dentro da
mesma espécie e muita variacdo em individuos de espécies diferentes (Wizenberg
et al., 2023). No caso das plantas, a regido geralmente utilizada como marcador
genético é a ITS2 (internal transcribed spacer 2) do DNA ribossémico, em razdo da

sua comprovada variabilidade interespecifica (Chiara et al., 2021; Wizenberg et al.,
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2023).

De modo geral, o processo se inicia com a extracdo do DNA da amostra,
seguida pela amplificacdo de regides de interesse especificas por meio da técnica
de PCR, ap0s a qual se realiza o sequenciamento genético, e as sequéncias obtidas
sdo analisadas com o auxilio de ferramentas de bioinformatica (Bell et al., 2016).
Deste modo, ao comparar as sequéncias resultantes do sequenciamento, com
bancos de dados contendo sequéncias de referéncia que foram geradas a partir da
mesma regido gendmica de diversas espécies, € possivel identificar quais destas
estavam contidas na amostra inicial (Chiara et al., 2021).

A principal vantagem atribuida ao seu uso se deve ao curto periodo de tempo
em que se pode identificar multiplas espécies de uma amostra, o que otimiza
trabalhos de identificacdo em larga escala (Daugaliyeva et al., 2024). Por outro lado,
o maior desafio diz respeito a auséncia de bancos de dados contendo a diversidade
genética da vegetacao de diferentes regides, o que impossibilita identificacdes mais
precisas, gerando, por vezes, resultados contendo falsos negativos ou falsos
positivos (Smart, 2017; Bell et al., 2019; Ullah et al., 2024).

Devido as limitagdes ainda presentes nas analises de produtos apicolas por
meio do DNA metabarcoding, Daugaliyeva e colaboradores (2024) recomendam que
esses estudos sejam realizados paralelamente as andlises palinolégicas, enquanto
novas pesquisas devem se desenvolver com foco na expansao e criagdo de bancos
de dados genéticos cada vez mais completos, visando preencher essa lacuna

existente na analise molecular de gréaos de pélen.
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2 OBJETIVOS

2.1 Objetivo Geral

Identificar quais espécies vegetais do Pampa brasileiro, localizado no
municipio de Sdo Gabriel- RS, contribuem para o pasto apicola, bem como entender

a disponibilidade temporal dessas diferentes fontes de recursos florais.

2.2 Objetivos especificos

1. Identificar o pdlen corbicular coletado ao longo de um ano por meio de
andlises palinologicas

2. ldentificar o podlen coletado por meio do DNA metabarcoding, para
complementar as analises palinolégicas e comparar os métodos.

3. Analisar a variacdo temporal da flora apicola ao longo do ano, identificando
os padrdes sazonais de oferta floral.

4. Elaborar um laminéario palinolégico de referéncia das espécies coletadas na

area de estudo.
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3 MANUSCRITO

Os resultados obtidos a partir desta pesquisa serao apresentados sob a forma
de manuscrito. O manuscrito esti disposto em formado de artigo cientifico e foi
submetido no periodico “Applied Vegetation Science” (ISSN: 1654-109X).
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ABSTRACT

Aims: This study investigates, through the identification of bee pollen, which species
native of the Brazilian Pampa Biome have the potential to form beekeeping areas,
how flowering patterns are distributed throughout the year and assess the maturity
level of the metabarcoding technique for evaluating the Pampa’s beekeeping

products.

Location: Pampa Biome, Brazil

Methods: Corbicular pollen was collected biweekly from four hives over the course
of a year, as well as from fertile plants around the apiary. The pollen from the flowers
collected was used to create a reference palynological laminarium. The corbicular
pollen was identified through palynological analysis of acetolyzed slides and
molecular analysis using the DNA-metabarcoding technique. In addition, the

abundance and richness of species over the months was as well analysed.

Results: We detected 58 plants foraged by Apis mellifera, 46 identified at the species
level, being 33 native species. The abundance and richness data showed significant
variations throughout the year, with the highest values concentrated in the months of
August to December, followed by a peak in March. The most common pollen types
were Eugenia uniflora, Eucalyptus sp., Senecio brasiliensis and Solidago chilensis.
In the metabarcoding analysis, a greater overlap with palynology data was observed

when using a reference library derived from palynological results.

Conclusions: The results indicate that palynological analysis is still the most reliable
method for detecting the botanical origin of bee products from regions where the
genetic diversity of the vegetation is not fully represented in databases. The diversity
of native plants from the Brazilian Pampa Biome used by Apis mellifera shows their
potential to supply bee forage. These data contribute both to the palynology of bee
species and to complementing environmental conservation studies, as well as

helping to develop sustainable beekeeping management strategies in the region.
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Introduction

In Brazil, apiculture has steadily expanded, with Rio Grande do Sul State being
a pioneering state and the national leader in honey production for more than a
decade, primarily undertaken as a complementary activity to family farming. This
activity is recognized as a highly pertinent practice due to its ecological, economic,
and social development potential. It facilitates income generation while
simultaneously contributing to the conservation of biodiversity in production areas
(Silva & Barbalho, 2024).

In addition to the production of honey and various nutraceutical products of
human interest, bees play a fundamental role in maintaining and promoting
biodiversity through their pollination activities (Papa et al., 2022). Both agricultural
and natural ecosystems are reliant on this essential ecosystem service, which is
predominantly provided by bees (Barbosa et al., 2017). It is estimated that out of the
USD 77.82 billion generated by major agricultural crops in Latin American countries
from 2013 to 2018, approximately USD 22.95 billion can be directly attributed to the
pollination services rendered by bees (Basualdo et al., 2022).

Given the importance of these pollinators, the annual losses of colonies
recorded on a global scale have emerged as a pressing concern (Hristov et al., 2020).
In Brazil, data suggests that the annual loss of colonies exceeds 30% (Requier et al.,
2024). The primary threats confronting pollinators, both wild and managed, include
habitat destruction, as well as the use of pesticides—two of the most urgent
challenges and significant contributors to biodiversity loss (Oddie & Dahle, 2024).
These threats are closely tied to environmental changes, particularly in regions where
habitat degradation is intensifying, such as in Brazil’s biomes.

From Brazilian biomes, the Pampa notably exhibiting the lowest proportion of
protected areas designated as conservation units Furthermore, the biome has
experienced the most significant proportional loss of native vegetation over the past
36 years, highlighting a suppression of approximately 3.4 million hectares between
1985 and 2021, as reviewed by Michel and Overbeck, 2024.

In this context, the investment in the restoration of plant diversity focused on
native species is an essential strategy for planning sustainable beekeeping
production areas, supporting both managed and wild pollinators (Kassa Degu &

Regasa Megerssa, 2020). In general, a diverse supply of flowers provides a more
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balanced nutrition, increases the volume of available food, strengthens resistance to
diseases, and extends the floral calendar, thus making artificial feeding and migratory
beekeeping unnecessary (Oddie; Dahle, 2024).

The identification of bee pollen is one way to determine which species of the
local floral composition are foraged by bees and how their distribution occurs
throughout the seasons (Borges, Silva, and Nascimento, 2022). Although palynology
is an important tool for determining the botanical origin of beekeeping products, some
factors limit its use, such as the need for specialized knowledge, and the time required
for analysis. These challenges have driven the search for new investigative methods,
such as molecular analysis through the DNA metabarcoding technique (Richardson
et al., 2015). It is a faster method that does not require specialized knowledge in
pollen grain taxonomy; however, it also has limitations, such as the need for reference
libraries containing data on species present in the original flora of the evaluated
product (Richardson et al., 2015).

Despite the historical importance of beekeeping in the Brazilian Pampa biome,
particularly in relation to honey production, scientific research focused on the
apicultural flora of this region remains limited. This study aims to compile a
comprehensive inventory of plant species with apicultural relevance within the
Brazilian Pampa biome by identifying bee-collected pollen. Additionally, it seeks to
analyze the temporal distribution of these species throughout the year and to evaluate
the adequacy of existing databases in determining native species of the biome, by
comparing metabarcoding results with those obtained through classical palynological
methods. The results aim to enhance the socio-environmental development of the
region and to provide strategic tools for the planning of agroecological production

areas.

Materials and Methods

Study Area

The research was undertaken over a one-year period, spanning from
November 2023 to October 2024, at the experimental apiary of the Universidade
Federal do Pampa (UNIPAMPA), located in the S&o Gabriel campus in the
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southwestern region of the state of Rio Grande do Sul, Brazil, with geographic
coordinates of 30°20'09"S and 54°19'12"W. This region is situated within the Pampa
Biome and is characterized by a humid subtropical climate, as evidenced by an
average maximum temperature exceeding 22°C and minimum temperatures ranging
from —3°C to 18°C, pursuant to the Képpen classification as modified by Alvares et
al. (2014). The area identified as having foraging potential for the bees at the
experimental apiary encompasses both managed spaces and regions consisting of

native vegetation.
Collection of Corbicular Pollen

Biweekly collections of bee pollen were conducted, with the exception of April
and May, during which only a single monthly collection occurred due to substantial
rainfall in the region. Pollen traps were strategically positioned at the entrances of
four Langstroth hive models, thereby facilitating the collection and storage of
corbicular pollen (pollen baskets) over a one-hour period (08:00—09:00). Throughout
the duration of the study, the hives were not actively managed; only honey supers
were introduced to afford the bees additional space for honey storage. The collected
material was sorted while fresh by pollen type. To count the pollen, the pellets were
first separated based on color, size and texture. Each group was then analyzed under
a microscope with the material still fresh, in order to confirm the distinction between
pollen types. After this verification, the identified types were quantified, considering
single pollen pellet as a unit.

The pollen has been apportioned for two distinct analytical procedures:
palynological analysis utilizing slides with acetolyzed material and molecular analysis

through DNA metabarcoding, as delineated below.
Bee floral resource survey

To assist in identifying the corbicular pollen, a survey of fertile plant species
surrounding the apiary was conducted throughout the study year. The adopted
methodology followed the walking survey approach (Filgueiras et al., 1994), which
involved weekly observations and annotations of plant species visited by Apis
mellifera within the apiary region. Photographic records and collections of fertile plant

branches were also made during these walks.
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Following collection, plant species were identified using taxonomic keys from
specialized literature, as well as data and images from virtual collections. Anthers
from the flowers were removed and stored in tubes for the preparation of a reference
palynological slide library. Herbarium specimens were prepared according to
standard methodology and deposited in the institutional herbarium (HBEI) for
conservation and reference purposes (The registration numbers are available in the

Supplementary Material (Supplementary Table 1).
Pollen Sample Preparation

Pollen sample preparation for slide mounting followed the acetolysis method
proposed by Erdtman (1960). After 24 hours in tubes containing 1 mL of pure glacial
acetic acid, the suspension was centrifuged for 5 minutes at 380 xG, the acid was
removed, and the pollen grains were subjected to 5 mL of an acetolysis mixture
(acetic anhydride and sulfuric acid 9:1), incubated in a water bath at 100°C, stirring
with a glass rod for three minutes. The material was then centrifuged for 3 minutes at
850 xG and subsequently washed with 10 mL of distilled water. After washing, the
material was resuspended in 2 mL of glycerinated water (1:1) and left for at least 30
minutes to allow pollen grain hydration. Finally, three permanent slides were prepared
for each pollen type.

Taxonomic analysis of the pollen was performed by comparison with the
reference slide library assembled from collected plant specimens, as well as with the
aid of specialized literature (Punt et al., 2007; Barth & Melhem, 1988; Salgado-
Labouriau, 1973). lllustrations were made using acetolyzed pollen grains under an

Axio Scope A2 optical microscope equipped with an AxioCam MRc (Zeiss, Germany).
High-Throughput PCR Survey

The extraction of DNA was performed utilizing the PureLink Genomic DNA
Mini Kit (Thermo Fisher Scientific), with the samples consisting of a composite of one
pollen pellet from each type of pollen. The extracted DNA was quantitatively assessed
and evaluated using the NanoVue spectrophotometer (GE Healthcare Life Sciences).
A total of 100 ng of DNA was utilized as a template for amplifying the ITS2 region,
employing the primers ITS-u3 (CAWCGATGAAGAACGYAGC) and ITS-p4
(CCGCTTAKTGATATGCTTAAA), in accordance with the protocol delineated by
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Cheng et al. (2016).

Amplicon sequencing was conducted on the GridION platform (Oxford
Nanopore Technologies, UK) at the Bioinformatics Laboratory of the Antarctic
Vegetation Studies Center, situated at the S&o Gabriel campus of the Universidade
Federal do Pampa. The amplicon library was constructed from genomic DNA
employing the Ligation Kit (SQK-LSK110), meticulously conforming to the
manufacturer's directives. This process encompassed end-preparation, adapter
ligation, and clean-up procedures prior to being loaded onto an R9.4.1 Flow Cell for

sequencing

Metabarcoding Analyses

The reads generated from the previous step were basecalled using the Dorado
version 0.7.1 (https://github.com/nanoporetech/dorado). The raw sequences
underwent processing through Porechop to eliminate artefacts and ONT adapters,
subsequently followed by alignment utilising BLASTN against the PLANITS database
(Banchi et al., 2020), which consists of curated ITS2 sequences for the identification
of plant species. The taxonomy assessment identification process was substantiated
by species ITS access, manually obtained from GenBank, using insights derived from
palynological morphology as outlined in this study. The resultant read-mapped XML
file was visualized employing Kraken software to verify the acquired OTU
(Operational Taxonomic Units) universe (Lu et al., 2022). The Kraken2 pipeline was
specifically configured to incorporate a customized database containing sequences
from both GenBank and PLANITS, thereby achieving a more precise and context-
specific classification pertinent to this investigation. The application of Kraken2
enabled a comprehensive assessment of putative species, yielding detailed and
reliable taxonomic classifications validated through supplementary analyses. This
methodology was essential in ensuring the precision of taxonomic identifications and

supporting the conclusions drawn from this research.

Taxonomical assignment

Furthermore, the taxonomic assigning was enhanced through MEGANG
software, facilitating the integration of OTU identifications via palynological
morphology identification. The OTU visualization was conducted utilizing MEGAN
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Community Edition (CE) (Huson et al., 2016), facilitating the interactive exploration
and examination of extensive microbiome sequencing data. Taxonomic and
functional analyses of the reads were executed using the LCA (Lowest Common
Ancestor) algorithm, which assigns reads to nodes in the NCBI taxonomy based on

their alignments with a designated reference database
Results and Discussion
Morphological analysis results

Through morphological analysis of the pollen grains collected by Apis mellifera
throughout the study year, 51 pollen types were identified, belonging to 27 botanical
families and 34 genera; in addition, one pollen type could not be identified, even at
the family level. Among the observed families, Asteraceae stood out with 12 species,
followed by Myrtaceae with four species, and Euphorbiaceae, Fabaceae, and
Rubiaceae with three species each. The remaining families were represented by only
one or two species (Table 1). These findings support the generalist foraging behavior
of A. mellifera in the search for floral resources, as reviewed by (Silva & Barbalho,
2024). On the other hand, the data also highlight the floral richness that the Pampa
biome provides to the region's beekeeping activity.

Table 1 — Pollen types found in bee pollen collected in the Brazilian Pampa Biome

between November 2023 and October 2024, along with their respective life forms and

origins.

Family/Species Life form Origin
Amaranthaceae

Alternanthera philoxeroides (Mart.) Griseb. Herb native
Amaranthus hybridus L. Herb exotic

Anacardiaceae

Schinus terebinthifolia Raddi Tree native
Apiaceae

Eryngium horridum Malme Herb native
Arecaceae

Butia odorata (Barb.Rodr.) Noblick Palm tree native



Asparagaceae
Agave sp. L.
Asteraceae
Indeterminate type
Indeterminate type

Aspilia montevidensis (Spreng.) Kuntze
Austroeupatorium inulaefolium (Kunth) R.M.King &

H.Rob.

Chromolaena hirsuta (Hook. & Arn.) R.M.King &

H.Rob.
Mikania cordifolia (L.f.) Willd.
Mikania micrantha Kunth

Pluchea sagittalis (Lam.) Cabrera
Pterocaulon polystachyum DC.
Senecio brasiliensis (Spreng.) Less.

Solidago chilensis Meyen

Taraxacum officinale F.H. Wigg.

Begoniaceae

Begonia cucullata Willd.
Boraginaceae

Echium plantagineum L.
Brassicaceae

Brassica juncea (L.) Czern.
Raphanus sativus L.
Calyceraceae

Acicarpha tribuloides Juss.
Caprifoliaceae

Lonicera japonica Thumb.
Commelinaceae
Commelina erecta L.
Convolvulaceae

Ipomoea purpurea (L.) Roth
Euphorbiaceae

Acalypha gracilis Spreng.

Ricinus communis L.

Arborescent

Herb

Subshrub

Subshrub
Vine
Vine
Subshrub
Subshrub
Herb
Herb
Herb

Herb

Herb

Herb
Herb

Herb

Vine

Herb

Vine

Subshrub
Shrub

native

native

native
native
native
native
native
native
native

naturalized

native

exotic

exotic
exotic

native

exotic

native

native

native

exotic



Sapium haematospermum Mull.Arg.
Fabaceae

Erythrina crista-galli L.

Trifolium repens L.

Vachellia caven (Molina) Seigler & Ebinger

Iridaceae

Babiana angustifolia Sweet
Lamiaceae

Plectranthus sp. L'Hér.

Loranthaceae

Tripodanthus acutifolius (Ruiz & Pav.) Tiegh.

Lythraceae

Cuphea glutinosa Cham. & Schitdl.
Heimia salicifolia Link
Moraceae

Morus nigra L.

Myrtaceae

Indeterminate type

Eucalyptus sp. L'Hér. (1)
Eucalyptus sp. L'Hér. (2)
Eugenia uniflora L.
Onagraceae

Ludwigia peruviana (L.) H.Hara
Oxalidaceae

Oxalis brasiliensis G.Lodd.
Oxalis sellowiana Zucc.
Pinaceae

Pinus sp. L

Poaceae

Paspalum notatum Fliggé
Rubiaceae

Borreria sp. G.Mey.

Borreria verticillata (L.) G.Mey.

Guettarda uruguensis Cham. & Schitdl.

Solanaceae

Tree
Tree
Herb

Shrub

Herb

Herb

Subshrub
Subshrub

Shrub

Tree

Tree

Tree

Subshrub

Herb
Herb

Tree

Herb

Herb

Tree

native
native
exotic

native

exotic

native

native
native

exotic

exotic

exotic

native

native

native
native

exotic

native

native

native

39
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Solanum sp. L.
Indeterminate type (1)

The Asteraceae family is present across various vegetation formations,
particularly notable within grassland physiognomies, thus establishing it as one of the
most representative families of the Pampa Biome (Liesenfeld et al., 2019). The
significance of this family in the exploration of apicultural flora in southern Brazil has
been previously emphasized (Radaeski et al., 2019), underlining its essential
contribution to bee foraging habitats by supplying pollen and nectar, and by aiding in
the planning and restoration of native vegetation areas associated with beekeeping.

Regarding the origin of the identified pollen types, a predominance of native
species (70.45%) was observed, confirming the significant potential of local
vegetation to meet the needs of apicultural pastures. These findings reinforce not
only the possibility but, more importantly, the necessity for beekeeping to develop in
a strategic and sustainable manner within the current environmental scenario. As
noted by Ferreira et al. (2021), it is possible to intertwine income generation with the
conservation and even restoration of degraded areas through the reestablishment of
native vegetation, facilitated by the pollination of economically important bees. By
embracing such values, not only can environmentally responsible production be
ensured, but the final product can also be characterized and enhanced in value, as it
will possess unique attributes derived from the local flora. This aligns with the
increasing consumer demand for traceable food products, given the growing interest
in food origins and the environmental impacts associated with their production
(Klosowski, Kuasoski and Bonetti, 2020).

Among the exotic pollen types identified, Eucalyptus sp. and Pinus sp. pollen
stand out as species widely used in the Pampa for forestry. Alongside other extensive
monoculture areas in the state, these plantations are now regarded as one of the
major threats to the biome, resulting in the suppression of native vegetation, loss of
biodiversity, and severe impacts on soil and water resources (Baietto et al., 2024).
There is a strong relationship between beekeeping and Eucalyptus sp. forestry in Rio
Grande do Sul, due to the stability and density of its flowering, which helps to
compensate for periods of floral resource scarcity for many beekeepers, including
through migratory beekeeping (Wolff, Schnell & Schuhli, 2021).



41

The additional exotic species identified include Amaranthus hybridus L.,
commonly referred to as “caruru,” which is characterized as an invasive weed
typically linked to economic losses in monoculture farming (Witter et al., 2023).
Furthermore, Echium plantagineum L. is utilized in ornamental gardens and is
regarded as a species with a high dispersal potential and challenging control
measures (Minuzzi, 2022). The species Brassica juncea and Morus nigra are
cultivated for food purposes, while Raphanus sativus L. and Trifolium repens L. are
cultivated as forage species, with the latter having naturalized in the environment.
Ricinus communis L. is grown for both food and pharmaceutical purposes (Franke,
Scholl & Aigner, 2019). Babiana angustifélia Sweet and Lonicera japonica Thumb
have been introduced as ornamental species, with the latter classified as an invasive
exotic plant that adversely affects native flora (Stumpf, 2009).

Concerning the vegetational strata foraged by Apis mellifera for pollen
collection, the herbaceous stratum is predominant (44.44%), followed by the shrub
(24.44%) and tree strata (22.22%). Climbing plants comprise a minor proportion at
8.89%. These findings not only represent the composition of the Pampa Biome, which
is primarily characterized by grasslands abundant in herbaceous vegetation (Marchi
et al.,, 2018), but also underscore the significance of this plant group from an
apicultural perspective, as previously documented in floristic surveys conducted
across various regions of Brazil (Vasconcelos et al., 2021).

Bees of the Apis genus exhibit a preference for foraging in more open areas,
which explains the predominance of herbaceous species in multiple apicultural flora
surveys. This tendency is considerably advantageous for honey production, as
evidence indicates that these plants typically yield a higher nectar flow with a greater
sugar concentration in comparison to tree species. Furthermore, they contribute to
the production of honey with attributes that are more appealing to consumers,
including a lighter coloration (Wolff 2018a).

The presence of native herbaceous plants in beekeeping areas of the Pampa
represents an effective strategy for the development of sustainable apicultural
practices. Not only do these plants offer a rich and diverse diet for bee colonies, but
they also play a crucial role in maintaining ecological balance and preserving local
biodiversity. The ecological role of this plant stratum is fundamental, contributing to

soil moisture retention, erosion prevention, and resilience in highly disturbed
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environments. These attributes make herbaceous vegetation a key ally in the early
stages of succession and the regeneration of degraded areas (Maraschin-Silva,
Scherer & Baptista, 2009). Unfortunately, the suppression of native grassland
vegetation is one of the major environmental challenges faced by Brazil, particularly
in the Pampa biome, which has suffered the highest proportional loss of natural non-
forest areas in the past 38 years, amounting to 2.85 million hectares of devastated
land (Michel & Overbeck, 2024).

Regarding the collected material, with the exception of Babiana angustifolia,
all identified pollen types belong to genera previously documented in the literature as
being visited by A. mellifera for pollen and/or nectar collection in various regions of
Brazil. This reinforces the importance of these plants as essential food sources for
these bees (Brugnerotto et al., 2021; Camara et al., 2021).

The abundance and richness of apicultural pollen showed significant variations
throughout the study year. The highest values for both variables were concentrated
between late winter and early summer (August to December), indicating greater
species diversity supplying pollen during these months. A sharp decline in abundance
was observed in January and February, followed by a peak in March. The lowest
values for both variables were recorded in mid-autumn and early winter (April to July).
It is worth noting that collections in April and May were conducted only once per
month, which, regardless of other factors, was already expected to yield lower results

for these months (Figures 1 and 2).
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Among the factors influencing the obtained results, seasonal variations and
the time of collection stand out, as they not only affect the availability of floral
resources but also alter the foraging activity dynamics of the bees (Silveira et al.
2015). Although the species A. mellifera has effective thermoregulation mechanisms,
extreme temperature conditions inevitably compromise their behaviors (Mota et al.
2023). In the case of October, the highest pollen richness was observed, but the
abundance was relatively low. In this month, a large number of bees were seen
passing through the holes with pollen loads, possibly carrying smaller corbicular
pollen pellets due to undetermined environmental factors that hindered the proper
functioning of the collection system.

The pollen types with the highest abundance throughout the study year were:
Eugenia uniflora, the most abundant in two months, July and September; Eucalyptus
sp., which stood out as the most abundant type in spring, in November, and then in
winter, in August; Senecio brasiliensis in December; Solidago chilensis in March, a
month with a peak in richness and abundance after two months of low results. The
other types were more homogeneous in terms of abundance. Regarding occurrence,
Eucalyptus sp. was the most present type throughout the months, absent only in
December and January, in contrast to 18 other types, which appeared only once, with

Ludwigia peruviana being the least frequent and abundant type (Figure 3).
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Figure 3 - Distribution chart of pollen types over the months, with variation in color

and size according to abundance. (The unit of count corresponds to a single pollen

pellet)

It is noted that, even though the occurrence of Eucalyptus spans from February

to November (10 months per year), its sampling in March and September was

minimal compared to the abundance of pollen from Solidago chilensis and Eugenia
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uniflora. This fact may be influenced by multiple factors, such as: the bees' preference
for floral resources offered by these species; greater abundance of these flowers in
the foraging area; the presence of these plants in areas closer to the apiary; or even
the reduced flowering of Eucalyptus compared to other periods of the same year.

The apicultural role of Solidago chilensis has already been highlighted by
Matiello, Granzotto, and Rovedder (2022), but its importance extends beyond
apiculture, as it provides resources for a diverse entomofauna, making it a strong ally
in the recovery stages of degraded areas, given its easy propagation and ability to
establish in such environments. Eugenia uniflora, on the other hand, is a tree species
with abundant flowering, offering pollen as the sole floral reward to its visitors (Silva
and Pinheiro, 2007). These species are fundamental in the composition of the
apicultural forage, as they tend to have a longer-lasting bloom, often filling food
scarcity periods, and, although it is visited by a variety of insects, its pollination is
carried out by bees, especially A. mellifera (Wolff, 2018b).

The type Senecio brasiliensis has been recorded as predominant in pollen
analyses of honey from southern Brazil (Barth, 2004). In this study, S. brasiliensis
was identified as the most abundant pollen in the December collection. Commonly
known as "Maria-mole," plants of this genus are strongly associated with the
poisoning and death of cattle due to ingestion, especially of S. brasiliensis, because
of the presence of toxic pyrrolizidine alkaloids (PAs) (Sandini et al. 2013). It is a
species with massive and attractive flowering for A. mellifera, although toxic alkaloids
have been detected in honey produced from these flowers. Although found in
insufficient levels to cause intoxication, the presence of PAs in honey is one of the
means of ingestion of these alkaloids by humans, which makes S. brasiliensis a
species that should preferably not be kept near apiaries (Valese et al., 2021).

During walking survey to observe the behavior of A. mellifera and collect fertile
plants around the apiary, some plant species were observed being foraged for pollen,
but the corresponding pollen types were not found in the samples collected from the
hive-installed collectors. These species include: Sonchus oleraceus L. (exotic,
established in RS), Eryngium nudicaule Lam. (native), Centaurium erythraea Rafn.
(naturalized), Blumenbachia sp. Schrad., Cunila microcephala Benth. (native),
Lantana camara L. (exotic), and Phyla nodiflora (L.) Greene (exotic). Therefore, this

study reports the occurrence of 58 species in the study area that are foraged by A.
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mellifera, with 52 identified pollen types through corbicular pollen (Figures 4 to 8),
and 6 species observed in the field.

The time of pollen collection influences which species will be found, as both
the attractiveness and abundance of floral resources may vary throughout the day in
some cases (Vidal, Santana, and Vidal, 2008). Due to the restricted collection period,
it is possible that other species from the native vegetation of the region, which
potentially contribute floral resources to the bees, may be absent from the results
presented. Thus, plants that offer resources or are more attractive to bees at different
times, or those that were fertile on days when no collection occurred, were not
recorded, indicating that an even greater variety of species contributes to maintaining
the apicultural forage in the Brazilian Pampa biome. These data highlights the need
to expand such research to gain a comprehensive understanding of the full spectrum

of plant species that constitute the beekeeping flora of this biome.
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Figure 4 - Photomicrographs of the pollen types found in the apicultural pollen collected in the Brazilian
Pampa Biome: a-b. Amaranthaceae, Polar view: a. Alternanthera philoxeroides, b. Amaranthus sp.; c-
d. Anacardiaceae: Schinus terebinthifolia, c. Polar view, d. Equatorial view; e. Apiaceae: Eryngium
horridum, equatorial view; f-g. Arecaceae: Butia odorata, f. Polar view, g. Equatorial view; h.
Asparagaceae: Agave sp.; i-t. Asteraceae: i-j. Asteraceae sp.1, i. Polar view, j. Equatorial view; k-I.
Asteraceae sp.2, k. Polar view, |. Equatorial view; m-n. Aspilia montevidensis, m. Polar view, n.
Equatorial view; o-p. Austroeupatorium inulaefolium, o. Polar view, p. Equatorial view; g-r.
Chromolaena hirsuta, g. Polar view, r. Equatorial view; s-t. Mikania cordifolia, s. Polar view, t.

Equatorial view. Scale = 10 um.
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Figure 5 - Photomicrographs of the pollen types found in the apicultural pollen collected in the Brazilian
Pampa Biome: a-l. Asteraceae: a-b. Mikania micrantha, a. Polar view, b. Equatorial view; c-d. Pluchea
sagittalis, c. Polar view, d. Equatorial view; e-f. Pterocaulon polystachyum, e. Polar view, f. Equatorial
view; g-h. Senecio brasiliensis, g. Polar view, h. Equatorial view; i-j. Solidago chilensis, i. Polar view,
j- Equatorial view; k-I. Taraxacum officinale, k. Polar view, |. Equatorial view; m-n. Begoniaceae:
Begonia cucullata, m. Polar view, n. Equatorial view; o. Boraginaceae: Echium plantagineum,
equatorial view; p-s. Brassicaceae, p-g. Brassica juncea, p. Polar view, g. Equatorial view; r-s.

Raphanus sativus, r. Polar view, s. Equatorial view; t. Calyceraceae: Acicarpha tribuloides, Polar view.

Scale = 10 pm.
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Figure 6 - Photomicrographs of the pollen types found in the apicultural pollen collected in the Brazilian
Pampa Biome region: a. Calyceraceae: Acicarpha tribuloides, equatorial view; b-c. Caprifoliaceae:
Lonicera japonica, b. Polar view, c. Equatorial view; d. Commelinaceae: Commelina erecta, polar view;
e. Convolvulaceae: Ipomoea purpurea, polar view; f-k. Euphorbiaceae: f-g. Acalypha gracilis, f. Polar
view, g. Equatorial view; h-i. Ricinus communis, h. Polar view, i. Equatorial view; j-k. Sapium
haematospermum, j. Polar view, k. Equatorial view; I-gq. Fabaceae: I-m. Erythrina crista-galli, |. Polar
view, m. Equatorial view; n-o. Trifolium repens, n. Polar view, 0. Equatorial view; p-q. Vachellia caven,

p. Polar view, g. Equatorial view; r. Iridaceae: Babiana angustifolia; s-t. Lamiaceae: Plectranthus sp.,
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s. Polar view, t. Equatorial view. Scale = 10 pm.

Figure 7 - Photomicrographs of the pollen types found in the apicultural pollen collected in the Brazilian
Pampa Biome region: a-b. Loranthaceae: Tripodanthus acutifolius, a. Polar view, b. Equatorial view;
c-e. Lythraceae: c. Cuphea glutinosa; d-e. Heimia salicifolia, d. Polar view, e. Equatorial view; f.
Moraceae: Morus nigra; g-n. Myrtaceae: g-h. Myrtaceae sp.1, g. Polar view, h. Equatorial view; i-j.
Eucalyptus sp.1, i. Polar view, j. Equatorial view; k-l. Eucalyptus sp.2, k. Polar view, |. Equatorial view;

m-n. Eugenia uniflora, m. Polar view, n. Equatorial view; o. Onagraceae: Ludwigia peruviana; p-s.
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Oxalidaceae: p-q. Oxalis sp., p. Polar view, q. Equatorial view; r-s. Oxalis sellowiana, r. Polar view, s.

Equatorial view; t. Pinaceae: Pinus sp., polar view. Scale = 10 um.

Figure 8 - Photomicrographs of the pollen types found in the apicultural pollen collected in the Brazilian
Pampa Biome: a. Poaceae: Paspalum notatum, b-g. Rubiaceae: b-c. Borreria sp., b. Polar view, c.
Equatorial view; d-e. Borreria verticillata, d. Polar view, e. Equatorial view; f-g. Guettarda uruguensis,
f. Polar view, g. Equatorial view; h-i. Solanaceae: Solanum sp., h. Polar view, i. Equatorial view; j.

Indeterminate type. Scale = 10 um.

Pollen metabarcoding analysis

The use of metabarcoding to identify the botanical origin of honey and
corbicular pollen garners significant interest, both from the perspective of beekeeping
management and for understanding the flora of a given region (Hawkins et al., 2015).
Compared to the classical method of palynological evaluation by microscopy, this
approach necessitates less time and does not require expertise in the local flora
(Chiara et al., 2021). However, published data indicate that methodologies, from DNA
extraction to OTU generation, do not exhibit 100% congruence with microscopic

observations and still require optimization, both in processes leading to amplicon
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production and in constructing databases that encompass the local flora.

To assess the feasibility of employing metabarcoding to study the apicultural
flora of the Brazilian Pampa Biome, the set of collected pollens was evaluated using
the metabarcoding technique. Following the sequencing of DNA extracted from a
mixture of 52 corbiculae loads, the data were analyzed in two distinct ways. In the
first analysis, the standard method was employed, where the analyzer was unaware
of the species present in the mixture (Supplementary Figure 1). This analysis
produced an output comprising 41 taxa, distributed across 23 families, with 22
identified at the species level, 16 at the genus level, and three at the tribe level
(Supplementary Figure 2). When comparing these results with those obtained
through microscopic identification of the pollen loads, an overlap of 69% was
observed for the families, 54% for genera, and only 27% for species. Additionally, 7
false positives and 12 false negatives were identified at the family level,
corresponding to 13 genera and 11 species identified through palynology.

The second analysis was performed following a manual adjustment of the
database, considering the results from the palynology. This approach resulted in 50
taxa distributed across 19 families, with 29 at the genus level and 41 at the species
level. The adjustment resulted in a higher number of species per genus. When
compared to the palynological data, a overlap of 100% was achieved at the family
level, 93% at genus level, but only 29% of the species corresponded to the results of
palynology (Figure 9). Despite the higher number of taxa, compared to the first
sequencing result, many of the pollen types identified by palynology did not appear
in the current results, with 8 families absent, corresponding to 10 genera and 8

species.
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Figure 9 — Taxonomy Assignment of Corbicular Pollen from an Apiary in the Brazilian Pampa Biome
Using Metabarcoding Analysis. This cladogram illustrates the OTU diversity of pollen collected by Apis
mellifera in the Brazilian Pampa Biome, grouped into major clades (e.g., Asterids, Rosids, Fabids, Malvids,
Commelinids, Pentapetalae, Mesangiospermae). The level of box filling in blue indicates the relative frequency
of each operational taxonomic unit (OTU), with more filled boxes representing higher frequency. The most
frequent OTUs, indicated by the most filled boxes, include Acicarpha tribuloides, Solidago chilensis,
Chromolaena odorata, Pterocaulon polystachyum, and Taraxacum officinale (all Asteraceae), reflecting the
dominance of this family in the pollen profile and the diverse floral resources available to honeybees in the

Pampa Biome.

It is noteworthy that the families identified in the sequencing results correspond
to those represented by a greater number of species in the palynological analysis.
Consequently, the corbicular pollen mixture contained an elevated quantity of pollen
from these families. Conversely, the families that are absent in the sequencing
correspond to those associated with only one or two pollen types identified through
microscopy. This inconsistency between the morphological analysis data and the
metabarcoding data, both at the genus and family levels, has been previously
described by Wirta et al. (2021) in their analysis of DNA extracted from pollen found
in honey samples. The authors discovered false negatives, similar to those in the
present study, although they did not report the occurrence of false positives when
examining the ITS2 region of plants. In a separate investigation analyzing Australian
honeys, Milla et al. (2021) noted an overlap of 67.7% in the identified taxa at the
family level and 44.4% at the genus level. These results bear resemblance to those
of the present study when utilizing available databases without considering the
palynological context data.

Pollen DNA metabarcoding has revealed a complex network characterised by
a variety of species and interactions, indicating a lower degree of specialisation
compared to morphology observed surveys (Bansch et al., 2020). These results pose
a challenge to microscopy-based studies of pollen transport that reported similar
species counts (Souza et al. 2021). Employing DNA metabarcoding to analyse pollen
movement necessitates an understanding of local plant diversity as well as a robust
genetic reference database (Arstingstall et al. 2021; Richardson et al. 2021).

The ITS2 marker exhibits superior taxonomic resolution compared to other markers
typically applied to plant metabarcoding, particularly when multiple sequences per

species are involved (Kolter et al. 2021). The ITS2 marker achieves a higher species-
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level resolution (approximately 86.1%) even with shorter amplicons (Moorhouse-
Gann et al. 2018). However, the use of additional markers, with a preference for ITS2
over rbcL, is recommended to attain even higher resolution (Bell et al., 2020). This
could potentially change our interpretation in this paper. Previous research indicates
that ITS2 reads do not necessarily correlate with the number of pollen grains, as
noted by Baksay et al. (2020) and Pornon et al. (2016), as this can be influenced by
sample contamination, extraction methods, and inherent biases.

Although the precise quantity of pollen grains analysed for metabarcoding
remains unclear, it is anticipated to exceed that utilized for microscopy, where the
detection rate of rare taxa is linked with the number of grains analysed (Bertrand et
al. 2019). However, assessing rare species may require examining at least 500
grains, as suggested by Lau et al. (2018). In summary, when employing this
technique, it is crucial to consider the DNA extraction method and the choice of
marker to enrich and enhance the resolution of the results, ensuring accurate
taxonomical assignments.

It is essential to emphasise that, although the pollen mixture contained only
one load of each pollen type, some taxa were overrepresented in relation to others,
such as Acicarpha tribuloides and Brassica sp. In this context, it is important to
highlight that, in addition to potential differences in pollen grain fertility (the presence
of DNA within them) or the efficiency of their DNA extraction, one must also consider
the number of repetitions of the ITS sequences in the genomes of each species and
the specific sequence of each (Alvarez et al., 2003). When evaluating these data
collectively, it becomes evident that there is a need to improve the databases used,
tailoring them to each research region. Furthermore, it is necessary to assess the
behaviour of each pollen type from DNA extraction to sequencing to obtain
guantitative data that accurately represent the reality observed in palynological
studies analyses.

Our findings derived from the assessment of corbicular pollen, utilizing both
palynological methodologies and metabarcoding techniques, illustrate the floral
diversity that significantly contributes to the region, which has historically been
notable for its beekeeping activities in Brazil. Through the implementation of
corbicular pollen collection and walking methodologies, a total of 58 species were

identified, with 46 pollen types successfully classified at the species level, 8 at the
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genus level, 3 at the family level, and one type remaining indeterminate. The
metabarcoding analysis, conducted via the standard Oxford Nanopore protocol,
revealed a lower degree of concordance with the palynological data. However, the
percentage of overlap increased when the analysis was carried out against a library
constructed from data gathered through the microscopic identification of pollen types.
These findings do not undermine the significance of metagenomic analyses in pollen
evaluation for the study of beekeeping products or services. Rather, they underscore
the necessity for further investigative efforts aimed at enhancing our understanding
of the species constituting the flora of interest, as well as the importance of
incorporating these species into existing databases, thereby ensuring that results

obtained through this technique attain greater reliability.
Conclusion

The diversity of native plants used by Apis mellifera found in this study reflects the
richness of the flora in the Brazilian Pampa Biome and its potential to supply the
region's apicultural forage. These data contribute both to the palynology of the
species visited by bees and to complement environmental conservation studies to be
developed in the Pampa region. Furthermore, they enable the development of
management strategies that can enhance the growth of sustainable beekeeping in
the area. The results obtained from the sequencing indicate that palynological
analyses remain the most reliable method for detecting the botanical origin of
apicultural products, especially those from regions whose vegetation genetic diversity
is not fully represented in databases. Consequently, research focused on
comprehending the genetic diversity of the Brazilian Pampa biome is essential. This
research aims to associate more than a single marker with complementary databases
that encompass this information, thereby ensuring that its biodiversity is adequately
acknowledged and preserved.
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Durante as caminhadas destinadas a observacdo de campo e coleta de
material botanico, foram realizados registros fotograficos das flores visitadas por Apis
mellifera. Esses registros servirdo de base para a elaboragcdo de um catalogo
ilustrado de plantas apicolas do bioma Pampa, o qual reunira imagens das flores
acompanhadas de seus respectivos graos de polen. Com o objetivo de ilustrar parte

desse material, algumas dessas fotografias serdo apresentadas a seguir (Figura 3).

Figura 3- Imagens de algumas das espécies visitadas por Apis melifera na area de estudo: (A)
Alternanthera philoxeroides; (B) Schinus terebinthifolia; (C) Eryngium horridum; (D) Aspilia
montevidensis; (E) Chromolaena hirsuta; (F) Mikania micranta; (G) Pluchea sagittalis; (H) Pterocaulon
polystachyum; (1) Senecio brasiliensis; (J) Taraxacum officinale; (K) Begonia cucullata; (L) Echium
plantagineum; (M) Commelina erecta; (N) Ipomoea purpurea; (O) Ricinus communis; (P) Trifolium

repens; (Q) Vachellia caven; (R) Babiana angustifolia; (S) Eugenia uniflora; (T) Ludwigia peruviana.



Fonte: Autoria prépria
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5. CONSIDERACOES FINAIS

Os resultados encontrados neste estudo foram muito satisfatorios, pois
enfatizam a riqueza vegetal presente no Bioma Pampa brasileiro e seu potencial de
suprir o pasto apicola; além disso, refor¢ca o papel ecoldégico das plantas nativas. A
partir da divulgacdo dos dados obtidos, € possivel que apicultores explorem
racionalmente suas areas de producdo, desenvolvendo estratégias para a
construcdo de sistemas cada vez mais agroecoldgicos, que integrem abelhas e meio
ambiente para beneficios muatuos.

Os recursos utilizados por Apis mellifera também séo fonte de alimento para
espécies de polinizadores nativos e, desse modo, investir na diversificagdo vegetal
das areas de apicultura é uma responsabilidade ambiental que nao apenas favorece
0s apicultores, pela oferta nutricional de qualidade para suas abelhas manejadas,
como também garante recursos para outras espécies.

Para que isso seja possivel, € essencial o conhecimento acerca das
particularidades do ecossistema em que tais atividades se desenvolvem e o
compartilhamento dessas informacdes com as partes interessadas. Desse modo, é
necessario que cada vez mais estudos como este sejam realizados, visando
conhecer a vegetacao nativa do Bioma Pampa e como se dao as dinamicas de uso
dos recursos pelos polinizadores.

Com relacdo aos métodos utilizados, a partir da comparacdo das analises
feitas, constatou-se a forca combinada da palinologia e das analises moleculares no
avanco da apicultura sustentavel e das estratégias de conservacdo ambiental. Fica
clara a necessidade de desenvolvimento de pesquisas com foco em ampliar bancos
de dados gendmicos para a inclusdo da diversidade genética de biomas da América
Latina, como o bioma Pampa.

Com os dados obtidos esta sendo desenvolvido um catalogo polinico que
inclui imagens das plantas visitadas por Apis mellifera e seus respectivos gréos de
polen. Deste modo, se almeja que o conhecimento gerado seja compartilhado de
forma clara e acessivel, especialmente para os apicultores locais. Além disso, as
laminas permanentes de gréo de polen, produzidas para as analises palinoldgicas,
serdo depositadas no herbario da UNIPAMPA (HBEI), onde estardo disponiveis para

consulta, constituindo um valioso acervo que poderda contribuir para o
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desenvolvimento de pesquisas futuras.
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7. MATERIAL SUPLEMENTAR
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Supplementary Figure 1 — KRONA Diagrams lllustrating Taxonomy Assignments of ITS Reads
from Corbicular Pollen Metabarcoding in a Pampa Biome Apiary. This figure comprises four
KRONA diagrams showing the taxonomic distribution of ITS reads from pollen collected by Apis
mellifera in the Brazilian Pampa Biome. (A) Displays all taxonomy assignments, revealing a high
proportion of unassigned reads (50%), with Viridiplantae (30%) as the dominant assigned group,
followed by Fungi (10%) and Bryophyta (5%). (B) Zooms into Viridiplantae, highlighting Streptophyta
(90%) as the primary subgroup, with Chlorophyta contributing 5%. (C) Focuses on Streptophyta, where
Magnoliopsida (angiosperms) dominate at 85%, followed by Bryophyta (10%). (D) Details
Magnoliopsida, showing Asterales (30%) as the most abundant order, primarily driven by Asteraceae,

alongside Myrtales (20%) and Gentianales (15%). These diagrams illustrate the progressive
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taxonomic refinement from broad assignments to angiosperm-specific profiles, emphasizing the
prevalence of Asteraceae in the pollen collected by A. mellifera and the significant presence of

unassigned reads in the initial analysis.
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Supplementary Figure 2 — Cladogram Based on taxonomical assigns of ITS Regions Showing
OTUs ldentified by Kraken from a Preliminary Corbicular Pollen Metabarcoding Analysis in a
Pampa Biome Apiary. This cladogram illustrates a preliminary taxonomic analysis of pollen collected
by Apis mellifera in the Brazilian Pampa Biome, grouped into major clades (e.g., Asterids, Rosids,
Fabids, Malvids, Commelinids, Pentapetalae, Mesangiospermae, and others Spermatophyta). The
level of box filling in green indicates the relative frequency of each operational taxonomic unit (OTU),
with more filled boxes representing higher frequency. The most frequent OTUs, indicated by the most
filled boxes, include Acicarpha tribuloides Apium spp., Brassica spp., Eucalyptus spp. and Eugenia
spp. However, this preliminary analysis using Kraken identified several OTUs as noise, reflecting
potential contamination or misclassification, which underscores the need for further refinement in the
metabarcoding pipeline to accurately characterize the floral resources available to honeybees in the
Pampa Biome.



