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RESUMO

A elevada diversidade biologica observada em areas imidas representa um desafio classico
para a ecologia, uma vez que a persisténcia das comunidades em 4reas temporarias e
espacialmente isoladas depende do fluxo continuo de organismos e propagulos entre habitats na
paisagem. Para microalgas, cuja mobilidade ativa ¢ limitada, a dispersdo passiva exerce papel
central na colonizacao de novos ambientes, na recolonizagao apos disturbios e na manutencao da
conectividade ecoldgica. Entre os mecanismos de dispersao, a zoocoria destaca-se por envolver
o transporte mediado por animais, podendo ocorrer por epizoocoria (transporte externo) e
endozoocoria (transporte via trato digestorio), rotas que impoem filtros seletivos distintos aos
organismos dispersos. Assim, o objetivo desta dissertacdo foi avaliar o papel de vertebrados com
ecologias contrastantes, o gado bovino (Bos faurus) e uma espécie de ave aquatica de grande
porte (Chauna torquata), como vetores de dispersdo zoocorica de microalgas em areas umidas
neotropicais do sul do Brasil, integrando uma abordagem baseada em tragos funcionais para
interpretar padroes de riqueza, composicao e seletividade no transporte. Para o estudo com
bovinos, foram investigados dois sistemas de campo nativo com banhados e lagoas rasas
inseridos em matriz campestre, onde foram amostrados ambientes aquaticos e individuos bovinos
com livre acesso as areas Umidas. As amostras foram processadas em laboratdrio para
identificacdo taxondmica das microalgas e posterior agrupamento em categorias
morfofuncionais. Os resultados evidenciaram que bovinos (Bos taurus) atuam como vetores
eficientes de epizoocoria, transportando parcela expressiva da riqueza de microalgas registrada
nos ambientes. Além disso, a composicao transportada ndo refletiu de forma aleatoria o conjunto
disponivel, sugerindo seletividade funcional, com maior representa¢do de diatomaceas penadas
e algas flageladas, associadas a tragos de resisténcia, tolerdncia ao estresse e aderéncia. De
maneira complementar, o estudo com Chauna torquata demonstrou o potencial de aves aquaticas
como vetores multiescalares de dispersao, integrando rotas epizoocoricas € endozoocoricas, com
implicagdes importantes para a conectividade regional entre areas imidas isoladas. Em conjunto,
os achados reforcam que a zoocoria constitui um mecanismo ecoldgico fundamental para
microalgas, operando ndo apenas como processo de conectividade espacial, mas também como
filtro ecoldgico capaz de modular a estrutura funcional do conjunto disperso. Este trabalho
amplia o conhecimento sobre dispersdao de microalgas em areas imidas neotropicais e oferece
subsidios para compreender como vertebrados associados a paisagens campestres contribuem
para a manutengao da biodiversidade microscopica e para a resiliéncia de ecossistemas aquaticos

fragmentados.

Palavras-chave: areas umidas; epizoocoria; endozoocoria; tragos funcionais; Pampa.



ABSTRACT

The high biological diversity observed in wetlands represents a classic challenge in ecology, as
the persistence of communities in temporary and spatially isolated habitats depends on the
continuous flow of organisms and propagules across the landscape. For microalgae, whose active
mobility is limited, passive dispersal plays a key role in the colonization of new environments,
recolonization after disturbances, and the maintenance of ecological connectivity. Among
dispersal mechanisms, zoochory stands out as it involves transport mediated by animals and may
occur via ectozoochory (external transport) and endozoochory (transport through the digestive
tract), pathways that impose distinct selective filters on dispersed organisms. Therefore, the aim
of this dissertation was to assess the role of vertebrates with contrasting ecologies—cattle (Bos
taurus) and a large waterbird (Chauna torquata)—as vectors of zoochorous microalgal dispersal in
Neotropical wetlands of southern Brazil, integrating a functional trait-based approach to interpret
patterns of richness, composition, and selectivity during transport. Results showed that cattle (Bos
taurus) act as efficient ectozoochorous vectors, carrying a substantial fraction of the microalgal
richness recorded in aquatic environments. In addition, the transported assemblage did not reflect
the available pool at random, suggesting functional selectivity, with a higher representation of
pennate diatoms and flagellated algae associated with traits related to structural resistance, stress
tolerance, and adhesion. Complementarily, the study with Chauna torquata highlighted the
potential of waterbirds as multiscale dispersal vectors by integrating ectozoochorous and
endozoochorous pathways, with important implications for regional connectivity among isolated
wetlands. Overall, the findings reinforce that zoochory constitutes a fundamental ecological
mechanism for microalgae, operating not only as a process of spatial connectivity but also as an
ecological filter capable of shaping the functional structure of the dispersed assemblage. This
dissertation expands current knowledge on microalgal dispersal in Neotropical wetlands and
provides insights into how vertebrates associated with grassland landscapes contribute to the

maintenance of microscopic biodiversity and to the resilience of fragmented aquatic ecosystems.

Keywords: wetlands; ectozoochory; endozoochory; functional traits; Pampa.



APRESENTACAO

A presente dissertacdo, desenvolvida no Programa de P6s-Graduagdo em Biologia de Ambientes
Aquaticos Continentais (PPGBAC) da Universidade Federal do Rio Grande (FURG), esta
organizada em quatro segmentos: 1) Introdu¢ao Geral, com conceitos, contextualizacdo e
caracterizacgao dos vetores; 2) Capitulo 1, sobre a dispersdo epizoocorica de microalgas pelo gado
bovino (Bos taurus) em areas umidas do sul do Brasil; 3) Capitulo 2, abordando o potencial
dispersivo de Chauna torquata (tachd) por rotas epizoocdricas e endozoocoricas; e 4)
Consideracdes finais, com integrag¢do dos resultados e perspectivas futuras. A Introdu¢do Geral
e as Consideragdes finais seguem as normas da ABNT, e o foco central do estudo ¢ compreender
como vertebrados com ecologias contrastantes contribuem para a conectividade entre ambientes
aquaticos por meio da dispersdo zoocdrica de microalgas. Os capitulos 2 e 3 seguem as normas

das revistas para as quais os artigos foram submetidos: Hydrobiologia e Freshwater Biology
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INTRODUCAO GERAL

A dispersao biologica constitui um dos processos ecoldgicos centrais para a organizagao
das comunidades, a manutencao da biodiversidade e a conectividade entre habitats na paisagem
(KRISTIANSEN, 1996). Por meio da dispersdo, organismos sdo capazes de colonizar novos
ambientes, manter o fluxo génico entre populacdes espacialmente isoladas e persistir frente a
disturbios ambientais e variagdes espago-temporais nas condigdes ecologicas (REYNOLDS,
2006). A distribuicao espacial das espécies ndo resulta apenas das condi¢des ambientais locais,
mas também da interagdo entre a capacidade de dispersdo e adaptacdo dos organismos e a
configuracgio espacial dos habitats disponiveis (SANTAMARIA, 2002).

Em ecossistemas continentais, a heterogeneidade ambiental e a fragmentagdo espacial
sdo caracteristicas recorrentes, influenciando diretamente os processos de dispersdo e
colonizagio (SANTAMARIA, 2002). Ecossistemas aquaticos rasos, lagoas isoladas e pogas
temporarias formam mosaicos dinamicos, nos quais periodos de conexao hidrologica alternam-
se com fases de isolamento fisico (REYNOLDS, 2006). Nessas condicdes, a persisténcia das
comunidades aqudticas depende ndo apenas da sobrevivéncia local, mas também da chegada
continua de propagulos provenientes de outras areas, o que torna os mecanismos de dispersao
particularmente relevantes (KRISTIANSEN, 1996).

Historicamente, os estudos sobre dispersdo concentraram-se principalmente em plantas
vasculares e organismos macroscopicos, com énfase nos processos associados a movimentacao
de sementes, propagulos vegetativos e invertebrados entre habitats (SANTAMARIA, 2002;
SOOMERS et al., 2013). Nesse contexto, organismos microscopicos foram por muito tempo
considerados amplamente dispersos, sob a premissa de que seu pequeno tamanho e alta
abundancia permitiriam uma distribui¢do praticamente ilimitada (KRISTIANSEN, 1996). Essa
visdo, entretanto, tem sido progressivamente questionada por estudos que demonstram padrdes
claros de limitagdo dispersiva, estruturacao espacial e endemismo em comunidades microbianas
aquaticas (ELLEGAARD; RIBEIRO, 2018).

Evidéncias recentes indicam que microrganismos aquaticos, incluindo microalgas,
apresentam restrigdes dispersivas significativas, sendo a conectividade entre populacdes
fortemente dependente de vetores fisicos e biologicos (ELLEGAARD; RIBEIRO, 2018). A
colonizagdo de novos corpos d’agua e a recuperacao de comunidades ap6s disturbios ambientais

ndo ocorrem de forma automatica, mas dependem da chegada de propagulos viaveis capazes de
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se estabelecer em condi¢des ambientais adequadas (REYNOLDS, 2006). Assim, a dispersao
assume papel determinante na estruturagdo temporal e espacial das comunidades aquaticas.

Entre os mecanismos de dispersdo biologica, a zoocoria destaca-se por envolver o
transporte passivo de organismos ou de seus propagulos mediado por animais durante seus
deslocamentos na paisagem (SOOMERS et al., 2013). Esse processo ocorre quando propagulos
sdo adquiridos pelo vetor em um ambiente e posteriormente depositados em outro,
possibilitando a conexao entre habitats espacialmente descontinuos (COUGHLAN et al., 2017).
A zoocoria tem sido amplamente documentada em ecossistemas continentais e reconhecida
como mecanismo eficiente de redistribuicdo bioldgica, sobretudo em associacdo a vertebrados
com elevada mobilidade ou contato frequente com multiplos ambientes (GREEN et al., 2023).

Do ponto de vista mecanistico, a zoocoria pode ocorrer por duas vias principais,
epizoocoria e endozoocoria, as quais diferem substancialmente quanto aos filtros impostos aos
propagulos transportados (SOOMERS et al., 2013). A epizoocoria caracteriza-se pelo
transporte externo de propagulos aderidos a superficies corporais do vetor, como penas,
pelagem, patas, cascos ou tegumento. Esse tipo de transporte ¢ favorecido pelo contato direto
do animal com o substrato, a vegetacdo ou superficies imidas, aumentando a probabilidade de
adesdo e retencdo de particulas bioldgicas durante o deslocamento (SOOMERS et al., 2013;
WEHR; SHEATH; KOCIOLEK, 2015).

A epizoocoria tem sido amplamente reconhecida como mecanismo eficiente de
dispersdo em escalas locais e regionais, especialmente quando os vetores realizam movimentos
frequentes entre habitats proximos (COUGHLAN et al., 2017). O sucesso dessa via depende de
fatores como o tempo de retengdo dos propagulos, as caracteristicas fisicas das superficies
corporais do vetor e a resisténcia dos organismos as condi¢des externas, incluindo dessecagdo
e exposi¢do a radiagcdo solar (SOOMERS et al., 2013; GREEN et al., 2023). Dessa forma, a
epizoocoria tende a refletir de maneira mais direta a oferta ambiental disponivel no local de
aquisi¢ao dos propagulos.

A endozoocoria, por sua vez, ocorre quando propagulos sdo ingeridos pelo vetor e
transportados internamente ao longo do trato digestorio, sendo posteriormente eliminados em
novos ambientes, geralmente por meio das fezes (COUGHLAN et al., 2017). Essa via impde
filtros fisiologicos adicionais, associados a variagdes de pH, acdo mecanica, atividade
enzimatica e tempo de transito intestinal, fatores que determinam a viabilidade dos propagulos
apds a passagem pelo sistema digestorio (TESSON et al., 2018). Evidéncias experimentais

indicam que propagulos de diferentes organismos aquaticos podem sobreviver a passagem pelo
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trato digestorio de aves, reforcando o papel da endozoocoria como via efetiva de dispersao entre
corpos d’dgua. Assim, além de representar transporte, a endozoocoria atua como filtro
fisiolégico que seleciona propagulos capazes de resistir as condi¢des digestivas
(CHARALAMBIDOU; SANTAMARIA, 2002). Em comparagio a epizoocoria, a
endozoocoria tende a selecionar subconjuntos mais restritos da comunidade ambiental,
favorecendo organismos dotados de estruturas de resisténcia (ELLEGAARD; RIBEIRO, 2018).
Embora tradicionalmente associada a dispersdo de sementes e invertebrados, a endozoocoria
tem sido reconhecida como via potencial para a dispersdo de microrganismos aquaticos,
incluindo microalgas, especialmente quando ha ingestao incidental de material perifitico ou de
macrofitas associadas a biofilmes (GREEN et al.,, 2023). Estudos experimentais e
observacionais demonstram que estagios resistentes podem sobreviver a passagem pelo trato
digestodrio de vertebrados, evidenciando que essa via pode contribuir de forma relevante para a
redistribuicdo bioldgica em ambientes aquaticos fragmentados (TESSON et al., 2018; VAN
LEEUWEN et al., 2012) Esse mecanismo amplia o potencial de conectividade entre areas
umidas ao incorporar movimentos regulares das aves entre multiplos habitats (VAN
LEEUWEN et al., 2012).

A importancia relativa da epizoocoria e da endozoocoria varia conforme o grupo de
vetores envolvido, seus habitos ecoldgicos e os padrdes de uso do ambiente (REYNOLDS;
CUMMING, 2016). Aves aquaticas sdo frequentemente destacadas como vetores centrais de
zoocoria. Em razdo de sua elevada mobilidade, do uso recorrente de multiplos corpos d’agua e
do contato intenso com sedimentos e vegetacdo aquética durante atividades de forrageio,
repouso € deslocamento (FIGUEROLA; GREEN, 2002; GREEN; FIGUEROLA, 2005;
GREEN et al., 2023). Esses atributos favorecem tanto a aquisi¢ao externa de propagulos quanto
a ingestdo incidental de material bioldgico associado a superficies aquaticas (WEHR;
SHEATH; KOCIOLEK, 2015).

Mamiferos também podem desempenhar papel relevante na zoocoria, especialmente
quando apresentam contato frequente com ambientes aqudticos durante atividades de
dessedentacdo, forrageio ou deslocamento (HOFFMANN et al., 2024). Em paisagens
campestres do sul do Brasil, bovideos tém sido reconhecidos como vetores relevantes de
dispersao biologica, refor¢cando seu potencial de atuar como conectores ecoldgicos em mosaicos
com elevada densidade de areas umidas (PEREIRA et al., 2025). A presenca de pelagem e
superficies corporais capazes de reter particulas imidas favorece o transporte epizoocdrico,

particularmente em ambientes rasos e marginais, onde o contato com sedimentos e biofilmes ¢
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recorrente (ALBERT et al., 2015; HOFFMANN et al., 2024, WEHR; SHEATH; KOCIOLEK,
2015). Assim, a zoocoria deve ser compreendida como um processo multifacetado, no qual
diferentes vertebrados contribuem de maneira complementar para a dispersao biologica,
operando por vias distintas e impondo filtros especificos sobre os propagulos transportados
(REYNOLDS; CUMMING, 2016; GREEN et al., 2023). Além disso, estudos de sintese
demonstram que a dispersdo mediada por ungulados atua como um filtro ecolégico, no qual
tracos dos propagulos e caracteristicas do vetor determinam a probabilidade de transporte e
deposi¢ao, reforcando a natureza seletiva do processo zoocorico (ALBERT et al., 2015).

Em ecossistemas aquaticos continentais, os processos de dispersao assumem
caracteristicas particulares em fun¢do da configuracdo espacial e da dinamica hidrologica
desses ambientes. Areas umidas, lagoas rasas, pogas efémeras, banhados permanentes e
temporarios compdem mosaicos ambientais nos quais a conectividade varia ao longo do tempo,
sendo fortemente influenciada por regimes de inundacdo, evaporacdo e variacdes sazonais do
nivel da agua (JUNK et al., 2014). Essa dindmica impde restrigoes espaciais a dispersao de
organismos aquaticos, tornando a chegada de propagulos provenientes de outros habitats um
fator determinante para a persisténcia e a reestruturacao das comunidades locais (REYNOLDS,
20006).

A fragmentacao inerente as areas iUmidas € frequentemente intensificada por atividades
antropicas, como drenagens, constru¢do de barramentos, compactagdo do solo € mudancas no
uso da terra, especialmente em paisagens agricolas e campestres (MALTCHIK et al., 2024).
Nessas condig¢des, a conectividade hidrologica natural entre corpos d’agua pode ser reduzida
ou interrompida, limitando a dispersdo passiva mediada pela 4gua e aumentando a dependéncia
de vetores alternativos capazes de conectar ambientes aquaticos isolados (SANTAMARIA,
2002). Assim, mecanismos bioldgicos de dispersdo tornam-se particularmente relevantes em
paisagens fragmentadas, onde a redistribuicdo de organismos aquaticos depende menos de
eventos hidroldgicos episddicos e mais de processos continuos mediados por organismos
moveis (SOOMERS et al., 2013).

Estas areas também se caracterizam por elevada heterogeneidade ambiental em escalas
espaciais reduzidas, resultante de gradientes de profundidade, hidroperiodo, disponibilidade de
nutrientes e cobertura vegetal (JUNK et al., 2014). Essa heterogeneidade contribui para a
elevada diversidade biologica desses ecossistemas, mas também impde desafios a dispersao,
uma vez que habitats potencialmente adequados podem permanecer inacessiveis por longos

periodos devido ao isolamento fisico (REYNOLDS, 2006). Nesses contextos, a dispersdo
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zoocorica pode atuar como mecanismo de compensagao, promovendo a conexao funcional
entre ambientes aquaticos que ndo estdo hidrologicamente conectados de forma permanente
(GREEN et al., 2023).

A relevancia da zoocoria em areas umidas torna-se ainda mais evidente quando se
considera a escala espacial dos deslocamentos realizados pelos vetores. Vertebrados que
utilizam areas imidas para alimentacao, descanso ou reprodugdo frequentemente se deslocam
entre multiplos corpos d’agua ao longo de curtos intervalos temporais, criando oportunidades
recorrentes para a aquisi¢ao e deposi¢ao de propagulos (GREEN; FIGUEROLA, 2005). Esses
deslocamentos permitem que organismos aquaticos ultrapassem barreiras fisicas impostas pela
fragmentacdo da paisagem, conectando habitats que, de outra forma, permaneceriam isolados
(SANTAMARIA, 2002).

Em areas umidas rasas, o contato direto dos vetores com a dgua, sedimentos, macrofitas
e biofilmes perifiticos favorece a incorporagdo de organismos microscopicos as superficies
corporais ou ao material ingerido durante a alimentacdo (WEHR; SHEATH; KOCIOLEK,
2015). A alternancia entre ambientes aquaticos e terrestres, caracteristica de muitos vertebrados
associados a areas imidas, amplia ainda mais o potencial de dispersao zoocorica, ao permitir o
transporte de propagulos entre habitats com diferentes condic¢des fisico-quimicas e biologicas.
Dessa forma, a zoocoria contribui ndo apenas para a conectividade espacial, mas também para
a redistribui¢do de organismos ao longo de gradientes ambientais (COUGHLAN et al., 2017).

No contexto da dispersdo, ¢ importante reconhecer que diferentes vetores operam em
escalas distintas e impdem filtros especificos aos propagulos transportados (REYNOLDS;
CUMMING, 2016). Aves aqudticas, por exemplo, podem promover a redistribuicdo de
organismos entre corpos d’agua separados por dezenas ou centenas de quildometros, enquanto
mamiferos terrestres e semi-aquaticos tendem a atuar predominantemente em escalas locais,
conectando ambientes proximos dentro de uma mesma paisagem (GREEN et al., 2023). Essa
complementaridade entre vetores refor¢a a importancia da zoocoria como processo multiescalar
na manutencao da conectividade funcional de areas umidas.

A dispersdao zoocorica em também desempenha papel relevante na dinamica temporal
das comunidades aquéaticas. Eventos de dessecagdo, eutrofizacdo, disturbios fisicos ou
alteracdes abruptas nas condigdes ambientais podem levar a perda local de espécies, tornando
arecolonizagdo dependente da chegada de propagulos viaveis provenientes de outros ambientes

(REYNOLDS, 2006). Nesse sentido, a zoocoria pode atuar como mecanismo de resgate
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ecoldgico, contribuindo para a recuperagao da diversidade e da funcionalidade das comunidades
apos perturbacdes (SANTAMARIA, 2002).

Apesar da crescente atencdo dedicada a zoocoria, muitos estudos permanecem focados
em grupos especificos de organismos ou em vetores isolados, limitando a compreensao
integrada do processo (GREEN et al., 2023). Ainda sdo escassas as abordagens que consideram
simultaneamente a heterogeneidade ambiental das areas umidas, a diversidade de vetores
vertebrados e as diferentes vias de dispersao disponiveis (SOOMERS et al., 2013). Essa lacuna
torna particularmente relevante a investigagdo de mecanismos de dispersdo que integrem
multiplos vetores e escalas espaciais, contribuindo para uma compreensdao mais abrangente da
conectividade ecoldgica em ecossistemas aquaticos continentais.

As microalgas constituem um grupo extremamente diverso de organismos
fotossintetizantes, distribuido amplamente em ambientes aquaticos continentais e responsavel
por parcela significativa da produgao primaria nesses ecossistemas (REYNOLDS, 2006). Esses
organismos desempenham papel central na base das redes tréficas, na ciclagem de nutrientes e
na regulacdo das propriedades fisico-quimicas da agua, além de responderem rapidamente a
variagdes ambientais, o que os torna importantes indicadores ecoldgicos (WEHR; SHEATH;
KOCIOLEK, 2015). A ampla ocorréncia das microalgas em diferentes tipos de habitats
aquaticos reflete ndo apenas sua elevada diversidade taxondmica e funcional, mas também sua
capacidade de persistir e se redistribuir em paisagens altamente heterogéneas (REYNOLDS,
20006).

Embora a locomocgao ativa das microalgas seja limitada a curtas distancias, em fungdo
do pequeno tamanho celular e da auséncia de estruturas locomotoras eficientes para
deslocamentos direcionais em larga escala, esses organismos apresentam elevada eficiéncia em
processos de dispersdao passiva (KRISTIANSEN, 1996). A redistribuicdo espacial das
microalgas ocorre predominantemente por meio de vetores fisicos e bioldgicos, permitindo que
células, colonias ou propagulos resistentes alcancem novos ambientes e colonizem corpos
d’agua recém-formados ou perturbados (REYNOLDS, 2006). Dessa forma, a ampla
distribuicao geografica das microalgas nao deve ser interpretada como resultado de dispersao
ativa, mas sim da eficidcia de mecanismos passivos, que operam de maneira continua e em
multiplas escalas espaciais (ELLEGAARD; RIBEIRO, 2018; FONTANETO, 2019).

A dispersdo das microalgas ocorre predominantemente de forma passiva e ¢ favorecida
por um conjunto de caracteristicas morfologicas, fisioldgicas e ecologicas que aumentam a

probabilidade de transporte e estabelecimento em novos habitats (LITCHMAN;

16



KLAUSMEIER, 2008). A produgdo de mucilagem, a formagdo de colonias ou filamentos, a
presenca de frastulas silicosas e a capacidade de formar estagios de resisténcia sdo exemplos
de atributos que, embora ndo tenham evoluido primariamente para fins dispersivos, conferem
vantagens importantes nesse contexto (KRUK et al., 2010; WEHR; SHEATH; KOCIOLEK,
2015). Esses tragos ampliam a tolerancia a dessecacdo, ao estresse mecanico e as variagdes
ambientais, aumentando a probabilidade de sobrevivéncia durante o transporte.

Diferentes vetores podem mediar esse processo, incluindo o vento (anemocoria), a 4gua
(hidrocoria) e animais (zoocoria), que promovem o deslocamento de propagulos e células entre
habitats por meio de mecanismos fisicos e biologicos (KRISTIANSEN, 1996; PTATSCHECK
et al., 2020). A eficiéncia dessas vias torna-se particularmente evidente em ambientes aquaticos
rasos € temporarios, onde a alternancia entre periodos de inundacdo e dessecacdo impde
desafios a persisténcia local das populagdes (REYNOLDS, 2006). Nessas condi¢des, o
transporte entre habitats permite que microalgas se mantenham presentes na paisagem por meio
da colonizagdo recorrente de novos ambientes, compensando perdas locais e contribuindo para
a estabilidade regional das comunidades (KRISTIANSEN, 1996). Assim, a dispersdo mediada
por vetores fisicos e bioldgicos ndo representa uma limitagdo, mas uma estratégia central na
ecologia das microalgas, sustentando sua ampla distribuicdo e diversidade. Estudos indicam
que organismos microscopicos aquaticos podem apresentar multiplos modos de dispersao, com
predominancia de vias passivas mediadas por vetores fisicos e biologicos, ampliando a
conectividade entre habitats em escalas locais e regionais (PTATSCHECK et al., 2020).

A interacdo entre microalgas e vetores bioldgicos destaca-se como componente-chave
dessa estratégia dispersiva. A adesdo a superficies corporais de vertebrados, a ingestdo
incidental associada a material perifitico e a sobrevivéncia de propagulos durante o transporte
permitem que microalgas ultrapassem barreiras espaciais impostas pela fragmentacdo da
paisagem aquatica (COUGHLAN et al., 2017; GREEN et al., 2023). Esses processos ocorrem
de forma recorrente em areas imidas, onde o contato entre organismos aquaticos e vertebrados
¢ frequente, ampliando o potencial de redistribuicdo biolégica (WEHR; SHEATH;
KOCIOLEK, 2015). Em areas imidas neotropicais, evidéncias empiricas também demonstram
que aves aquaticas atuam como vetores relevantes na redistribuicdo de organismos associados
a ecossistemas aquaticos, reforcando seu papel na conectividade biologica entre habitats
(SILVA et al., 2021).

A eficiéncia da dispersdo passiva das microalgas estd, portanto, diretamente relacionada

a combinacdo entre suas caracteristicas funcionais e os atributos ecologicos dos vetores
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envolvidos (LITCHMAN; KLAUSMEIER, 2008). Diferentes vias de dispersdo e diferentes
grupos de vetores favorecem subconjuntos especificos da comunidade microalgal, contribuindo
para padrdes observados de riqueza, composicdo e estrutura funcional em escalas locais e
regionais (KRUK et al., 2010).

A abordagem baseada em tracos funcionais oferece uma base conceitual robusta para
compreender como microalgas se mantém conectadas em paisagens fragmentadas e como
processos zoocoricos influenciam a organizagdo das comunidades aqudticas, ao permitir a
interpretagdo das respostas ecologicas dos organismos a partir de caracteristicas mensuraveis
relacionadas ao seu desempenho, persisténcia e interacdo com o ambiente (Litchman;
Klausmeier, 2008; Kruk et al., 2010; Coughlan et al., 2017; Green et al., 2023). Diferentemente
de abordagens estritamente taxonOmicas, essa perspectiva enfatiza atributos que influenciam
diretamente processos ecologicos, como aquisicdo de recursos, tolerdncia a estresses e
eficiéncia de dispersdo, possibilitando comparagdes entre comunidades mesmo em contextos
de elevada diversidade especifica (Kruk et al., 2010).

No contexto da dispersdo zoocdrica, determinados tragos funcionais das microalgas
assumem papel central ao mediar a interagdo entre os propagulos e os vetores animais. A
producdo de mucilagem e de capsulas extracelulares, amplamente documentada em diferentes
grupos taxondmicos, aumenta a adesividade celular e favorece a fixacdo a superficies
biologicas, como penas, pelagem e tegumento (LIND et al., 1997). Além de facilitar a adesao,
a mucilagem atua como protecdo contra a dessecacdo e o estresse mecanico, ampliando a
probabilidade de sobrevivéncia durante o transporte passivo fora do meio aquatico (WEHR;
SHEATH; KOCIOLEK, 2015).

A formagdo de coldnias e filamentos representa outro trago funcional fortemente
associado a eficiéncia dispersiva. Organismos coloniais e filamentosos apresentam maior area
de contato com superficies externas, o que aumenta a retengdo mecanica durante o
deslocamento do vetor (REYNOLDS, 2006). Esse efeito é potencializado quando colonias ou
filamentos estdo envolvidos por bainhas mucilaginosas, combinando maior aderéncia com
protecao fisioldgica (KRUK et al., 2010).0 tamanho celular e a morfologia também influenciam
a probabilidade de transporte, embora seus efeitos dependam da via de dispersao considerada.
Células maiores ou alongadas apresentam maior chance de reten¢do externa devido ao aumento
da area de contato, enquanto células muito pequenas podem ser removidas com maior facilidade
por friccdo ou escorrimento (REYNOLDS, 2006). Em contrapartida, em contextos de

endozoocoria, propagulos de pequeno tamanho associados a paredes celulares espessas ou
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estruturas de resisténcia podem apresentar maior probabilidade de sobreviver a passagem pelo
trato digestorio, evidenciando a atuacdo de filtros seletivos distintos entre as duas vias
(TESSON et al., 2018).

Entre os grupos de microalgas, as diatomaceas ilustram de forma clara a importancia
dos tragos funcionais para a dispersdo zoocdrica. A presenca de frustulas silicosas confere
elevada resisténcia mecanica e protecdo contra variagdes ambientais, favorecendo a
sobrevivéncia durante o transporte passivo (WEHR; SHEATH; KOCIOLEK, 2015). Além
disso, muitas diatoméceas produzem polissacarideos extracelulares que aumentam a
adesividade as superficies do vetor, o que explica sua recorrente representacao entre os taxons
dispersos por vertebrados em diferentes estudos (LIND et al., 1997; KRUK et al., 2010).

Embora estudos classicos sobre dispersdao tenham sido amplamente direcionados a
plantas e invertebrados, mecanismos de dispersao também desempenham papel determinante
para organismos microscopicos, como microalgas e outros microrganismos aquaticos
(KRISTIANSEN, 1996; LEWIS; FLECHTNER, 2004). A capacidade de formar estagios de
resisténcia, como cistos e esporos, constitui outro traco funcional de grande relevancia para a
dispersdo passiva. Esses estagios apresentam metabolismo reduzido e elevada tolerancia a
condi¢des extremas, incluindo dessecagdo prolongada, radia¢do solar intensa e condigdes
adversas do trato digestorio de vertebrados (KRISTIANSEN, 1996) A formacao de cistos
permite que microalgas persistam no tempo e no espago, ampliando significativamente o
potencial de dispersdo por vias epizoocoricas e endozoocdricas (ELLEGAARD; RIBEIRO,
2018).

A integragdo desses tragos funcionais sugere que a dispersao zoocorica de microalgas
nao ocorre de maneira aleatdria, mas resulta de um processo seletivo no qual diferentes vetores
e vias de transporte favorecem conjuntos especificos de caracteristicas (LITCHMAN;
KLAUSMEIER, 2008). Enquanto a epizoocoria tende a privilegiar organismos com elevada
capacidade de adesdo e resisténcia a dessecacdo, a endozoocoria seleciona propagulos dotados
de protecao estrutural e fisioldgica capazes de tolerar as condigdes impostas pelo trato
digestorio (TESSON et al., 2018). Essa seletividade funcional contribui para explicar padrdes
recorrentes de composicao e estrutura observados em comunidades dispersas por diferentes
vetores (SOOMERS et al., 2013; GREEN et al., 2023).

Sob essa perspectiva, os tragos funcionais das microalgas constituem o elo conceitual
entre a oferta ambiental, os filtros impostos pelos vetores vertebrados e os padrdes observados

de dispersdo, colonizagdo e reorganizacdo de comunidades em 4areas umidas (LITCHMAN;
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KLAUSMEIER, 2008; REYNOLDS, 2006). A integracao entre tragcos funcionais, vias de
dispersdo zoocdrica e diferentes grupos de vertebrados permite compreender a zoocoria nao
apenas como um processo de transporte, mas como um mecanismo seletivo que estrutura a
redistribuicao de organismos aquaticos na paisagem, favorecendo subconjuntos funcionais em
funcdo do desempenho e da tolerancia a estresses durante o transporte (KRUK et al., 2010;
SOOMERS et al., 2013). Diferentes vetores impdem filtros especificos associados ao modo de
aquisi¢do dos propagulos, ao tempo de retencdo e as condigdes enfrentadas durante o
deslocamento, o que resulta em padrdes contrastantes de riqueza, composi¢do e estrutura
funcional das comunidades dispersas (GREEN et al., 2023). Assim, a analise funcional permite
compreender ndo apenas quais organismos sdo dispersos, mas por que determinados grupos
apresentam maior sucesso dispersivo do que outros, fornecendo base teorica solida para
interpretar os processos zoocoéricos investigados na presente dissertacdo (LITCHMAN;
KLAUSMEIER, 2008; KRUK et al., 2010; TESSON et al., 2018).

Apesar do avango recente no reconhecimento da zoocoria como mecanismo relevante
de dispersao de organismos aquaticos, ainda persistem lacunas importantes na compreensao de
como diferentes vertebrados contribuem para a redistribuicdo de microalgas em paisagens
naturais e antropicas. Grande parte dos estudos concentra-se em vetores especificos ou em uma
unica via de transporte, frequentemente priorizando aves aquaticas € a endozoocoria, 0 que
limita a compreensao integrada do processo e dificulta comparagdes funcionais entre diferentes
grupos de vertebrados (COUGHLAN et al., 2017; GREEN et al., 2023). Em particular, a
epizoocoria mediada por mamiferos herbivoros permanece pouco explorada, especialmente em
regides neotropicais, apesar do contato recorrente desses animais com ambientes aquaticos
rasos € marginais (HOFFMANN et al., 2024).

Adicionalmente, ainda sdo escassos os estudos que incorporam explicitamente a
perspectiva funcional na andlise da dispersdo zoocdrica de microalgas. Embora seja
amplamente reconhecido que diferentes tragos morfofuncionais influenciam a eficiéncia de
dispersdo e sobrevivéncia durante o transporte passivo, poucos trabalhos avaliam de forma
integrada como esses tracos interagem com as caracteristicas ecologicas dos vetores e com as
diferentes vias de zoocoria disponiveis (LITCHMAN; KLAUSMEIER, 2008; KRUK et al.,
2010). Essa limitagdo restringe a compreensdo dos filtros seletivos impostos ao longo do
processo dispersivo e dos mecanismos subjacentes aos padrdes observados de composicao e

estrutura funcional das comunidades dispersas.
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No contexto das areas Umidas neotropicais, essas lacunas tornam-se ainda mais
evidentes. A elevada heterogeneidade ambiental, a fragmentacao espacial e a intensa interagao
entre ambientes aquaticos e terrestres caracterizam esses ecossistemas, criando condigdes nas
quais a dispersao zoocoérica pode desempenhar papel central na manutencao da conectividade
funcional e da diversidade biologica (MALTCHIK et al., 2024). Entretanto, a escassez de
estudos empiricos conduzidos nessa regido dificulta a generalizacdo de padrdes e limita a
incorporagdo desses processos em abordagens mais amplas de manejo e conservacao
(SANTAMARIA, 2002).

Diante desse cenario, torna-se necessario avancar na compreensdo da zoocoria de
microalgas a partir de abordagens integradoras que considerem simultaneamente diferentes
vertebrados, diferentes tegumentos, multiplas vias de dispersdo e a diversidade de tragos
funcionais envolvidos. A analise entre vetores com processos contrastantes permite elucidar
como processos locais e regionais de dispersdo se complementam na estruturagdo das
comunidades aquaticas, contribuindo para a conectividade entre habitats e para a resiliéncia dos
ecossistemas frente a distirbios ambientais (REYNOLDS; CUMMING, 2016; GREEN et al.,
2023).

Mamiferos herbivoros interagem intensamente com ambientes aquaticos rasos durante
dessedentacao, forrageio e deslocamento e, em paisagens campestres do sul do Brasil, bovideos
tém sido reconhecidos como vetores relevantes de transporte de propagulos entre ambientes
aquaticos e terrestres, atuando como conectores ecoldgicos em mosaicos com alta densidade de
areas umidas (Hoffmann et al., 2024; Pereira et al., 2025). Essas interagdes favorecem
predominantemente a epizoocoria, especialmente de microalgas com tragos como produgdo de
mucilagem, formacao colonial ou filamentosa e frustulas resistentes, associados a aderéncia e
a tolerancia a dessecacao (Lind et al., 1997; Kruk et al., 2010; Wehr; Sheath; Kociolek, 2015).
A atuacdo dos bovideos ocorre principalmente em escalas locais, promovendo redistribui¢ao
continua de propagulos e manuten¢do da conectividade funcional onde a conectividade
hidroldgica ¢ limitada ou sazonal (Reynolds; Cumming, 2016; Maltchik et al., 2024). Em
contraste, aves aquaticas como Chauna torquata apresentam elevada mobilidade e ampliam a
escala da dispersdo zoocorica ao combinar epizoocoria e endozoocoria, impondo filtros
funcionais distintos e ampliando a diversidade de propagulos potencialmente dispersos (Green;
Figuerola, 2005; Coughlan et al., 2017; Tesson et al., 2018).

Os estudos desenvolvidos nesta dissertacdo investigam se diferentes vertebrados podem

desempenhar papéis complementares na dispersdo zoocorica de microalgas em areas timidas,
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contribuindo para a conectividade ecologica por vias e filtros distintos (REYNOLDS;
CUMMING, 2016; GREEN et al., 2023). No primeiro estudo, foi avaliado o potencial de
mamiferos herbivoros como vetores de dispersdo epizoocodrica de microalgas em ambientes
rasos e marginais, considerando que pelagem, cascos e superficies corporais, que entram em
contato com o meio aquatico, podem atuar como substratos para a reten¢ao de particulas umidas
e propagulos associados a sedimentos e biofilmes (HOFFMANN ET AL., 2024; PEREIRA ET
AL., 2025). J4 o segundo estudo, centrado em Chauna torquata (tachd), explora como aves
aquaticas podem atuar simultaneamente como vetores de epizoocoria e endozoocoria,
combinando aquisi¢do externa e ingestdo incidental de propagulos e, assim, ampliando o
potencial de redistribui¢do entre ambientes conectados ou espacialmente isolados (GREEN;
FIGUEROLA, 2005; COUGHLAN et al., 2017). Como a endozoocoria impde filtros
fisioldgicos associados ao trato digestdrio e pode selecionar propagulos com maior tolerancia
ao estresse quimico € mecanico, essa via tende a influenciar nao apenas o alcance espacial do
transporte, mas também a estrutura funcional do conjunto disperso (CHARALAMBIDOU;
SANTAMARIA, 2002; TESSON et al., 2018).

Sob essa perspectiva integradora, a zoocoria emerge como um processo ecologico
central para a conectividade de ecossistemas aquaticos continentais, especialmente em
paisagens fragmentadas ou com conectividade hidroldgica sazonalmente reduzida, onde vetores
bioldgicos podem conectar habitats aquaticos isolados e favorecer a recoloniza¢do apos
periodos de perturbacdo (SOOMERS et al., 2013; GREEN et al., 2023). Nesse contexto, a
interacdo entre tragos funcionais das microalgas, vias de dispersdo e caracteristicas ecologicas
dos vetores estabelece filtros seletivos que determinam padrdes observados de riqueza,
composi¢do e estrutura funcional das comunidades redistribuidas na paisagem (REYNOLDS,
2006; REYNOLDS; CUMMING, 2016). Assim, a analise conjunta desses elementos fornece o
arcabougo conceitual necessario para interpretar os estudos empiricos apresentados nesta
dissertacdo, os quais investigam, em capitulos independentes, a contribui¢do de bovideos e de
Chauna torquata para a dispersdo de microalgas em areas umidas neotropicais (COUGHLAN
et al., 2017; GREEN et al., 2023).

Nesse contexto, a presente dissertag@o articula dois estudos empiricos que investigam a
dispersdo zoocorica de microalgas por vertebrados em areas imidas neotropicais, integrando
abordagens funcionais das algas. Ao avaliar a epizoocoria mediada por bovideos e a epizoocoria
e endozoocoria associadas a ave Chauna torquata, este trabalho busca ampliar a compreensao

dos mecanismos e filtros envolvidos na dispersdo passiva de microalgas, bem como do papel
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complementar de diferentes vetores na conectividade de ecossistemas aquaticos continentais.
Dessa forma, a dissertacdo contribui para o avango do conhecimento sobre zoocoria de
microalgas e fornece subsidios conceituais relevantes para a compreensdo da dindmica e da

conservagao de areas umidas em paisagens isoladas e fragmentadas.
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Abstract

The role of cattle in the epizoochorous dispersal of microalgae in Neotropical wetlands
remains poorly understood. Here, we assessed the potential of cattle to transport algae
externally in isolated wetlands surrounded by grassland matrices in southern Brazil. We
examined whether the richness and composition of microalgae attached to cattle coats
reflected those found in the environment and whether dispersal patterns were linked to
algal functional traits. Sampling 62 cows from two dairy farms, we identified 105 algal
species in the wetlands, 80 of which also occurred on the animals. Only three cows lacked
algal taxa attached, while, overall, cattle carried approximately 43% of the species present
in the environment. Pennate diatoms and flagellated algae were the most common
morpho-functional groups on cow coats, suggesting that cattle mediate dispersal in a trait-
selective manner. The substantial algal diversity detected on cows’ legs indicates that
livestock can enhance connectivity and gene flow among microalgal populations across
isolated wetlands in grassland landscapes, ultimately supporting essential ecosystem

processes for life on Earth.

Keywords: dairy cow, epizoochorous dispersal, functional traits, grassland, Pampa
region, pond.
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Introduction

Microalgae represent an exceptionally species-rich group of photosynthetic
organisms, occurring in nearly all aquatic ecosystems worldwide—from lakes, rivers, and
temporary ponds to marine environments (Kristiansen, 1996; Reynolds, 2006; Wehr et
al., 2015). They play an essential role in primary production and constitute the base of
aquatic food webs (Wehr et al., 2015). Despite their wide geographic distribution,
microalgae possess very limited active mobility and are therefore dependent on vectors
for colonizing new habitats and maintaining genetic connectivity among populations
(Kristiansen, 1996; Reynolds, 2006).

Passive dispersal occurs when an entire organism or its propagule is transported
by a vector (Green et al., 2023), such as wind (anemochory), water (hydrochory), or
animals (zoochory) (Soomers et al., 2013). This mechanism is particularly important for
species with low motility, including microalgae. In zoochory dispersal, organisms or their
propagules can be transported externally on animals (feathers, paws, beaks - epizoochory)
or internally through the digestive tract (endozoochory — Coughlan et al., 2017a; Silva et
al., 2018, 2019, 2021; Hoffmann et al., 2025).

In wetlands, passive dispersal of seeds and dormant propagules has been
extensively studied in waterbirds, especially Anatidae (Green et al., 2023; Navarro-
Ramos et al., 2024), including in southern Brazil (Silva et al., 2021). More recently,
however, research has revealed that semi-aquatic herbivorous mammals, such as
capybaras and nutria, also disperse a wide range of aquatic plant propagules and seeds in
southern Brazilian wetlands (Hoffmann et al., 2024), as do carnivores (Hoffmann et al.,
2025). Pereira et al. (2025) further demonstrated that cattle disperse not only aquatic

plants but also native and exotic terrestrial species from grassland matrices surrounding
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wetlands. Yet, most of these studies have focused on endozoochory, and few studies
analyze the role of epizoochory in wetland ecosystems.

Epizoochory dispersal has been documented in both wild and domestic animals
(Bartuszevige & Endress, 2008; Eschtruth & Battles, 2009; Albert et al., 2015). Seeds and
plants from temperate grasslands have been reported attached to the coats of deer
(Boulanger et al., 2011), sheep (Manzano & Malo, 2006) and donkeys (Couvreur et al.,
2005a). The dispersal potential of epizoochory is influenced by seed traits, coat structure,
and the body location of attachment (Couvreur et al., 2005b; De Pablos & Peco, 2007,
Schupp et al., 2010).

In the case of algae and microalgae, morpho-functional traits such as mucilage
production, capsules, colony formation, cell size, and resistant cysts may facilitate
colonization of new habitats via epizoochory (Reynolds, 2006; Litchman & Klausmeier,
2008; Kruk et al.,, 2010; Wehr et al., 2015). Colony formation in genera such as
Scenedesmus and Pediastrum can enhance retention on structures like wet feathers or
moist shells (Liirling & Van Donk, 2000; Kruk et al., 2010). The presence of mucilage in
Chlorophyta and Bacillariophyta increases desiccation resistance and adhesion to animals
(Lewis & Flechtner, 2004; Wehr et al., 2015), while cyst and spore formation confers
greater tolerance to extreme environments (Kristiansen, 1996; Reynolds, 2006).

In this study, we investigate the potential for cattle to disperse algae via
epizoochory in isolated wetlands embedded within grassland matrices in southern Brazil.
We compare the richness and composition of microalgae adhered to cattle with those
present in the surrounding environment and evaluate whether dispersal efficiency is
related to algal functional traits. Cattle were chosen as a study model due to their

economic importance in milk and meat production (Embrapa, 2019; IBGE, 2019; FAO,
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2022). In 2020, global beef production reached approximately 50 million tonnes, with
Brazil ranking second only to the United States (FAO, 2022). Livestock production is
highly significant in southern Brazil (around 500,000 head of cattle), relying primarily on
the natural pastures of the Pampa biome (Carvalho et al., 2009). Unlike pigs and poultry,
which are predominantly raised in confinement, 95% of Brazilian cattle are pasture-raised
(Embrapa, 2012), making them potentially important vectors of aquatic organism
dispersal across natural grasslands. Grazing in the Pampa promotes grass dominance,
reduces the diversity of prostrate species (Overbeck et al., 2015), and facilitates the
dispersal of aquatic plants via endozoochory (Pereira et al., 2025), thereby providing key
supporting ecosystem services.

We hypothesize that: (i) because cattle use wetlands in southern grasslands as
resting and feeding areas (Bencke, 2009; Pillar & Lange, 2015), they act as vectors for
microalgae dispersal through epizoochory; and (i) colony-forming, filamentous, and
mucilage-producing microalgae exhibit greater dispersal capacity via cattle than other
algal groups. Ultimately, we expect that cattle contribute to supporting ecosystem services
in wetlands embedded in the grassland matrices of the Pampa biome by functioning as

vectors of aquatic biodiversity dispersal.

Methods

Study Area

The study was conducted in the district of Capdo Seco, municipality of Rio

Grande, Rio Grande do Sul, Brazil, located on the coastal plain of the Pampa biome. This
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region is characterized by extensive native grasslands with isolated permanent and
intermittent ponds. The climate is humid subtropical, with a mean annual temperature of
18 °C, relative humidity around 80%, and annual precipitation ranging between 1000 and
1500 mm, evenly distributed throughout the year (Rio Grande do Sul, 2019). The ponds
range in size from 0.4 to 1 ha, are shallow (maximum depth of ~50 cm), and isolated by
a grassland matrix. Predominant soils are hydromorphic and of alluvial origin, favoring
the formation of seasonal aquatic habitats. The aquatic vegetation includes submerged
species such as Myriophyllum aquaticum (Vell.) Verdc. and Utricularia foliosa L., and
floating species such as Nymphoides indica (L.) Kuntze. , Azolla filiculoides Lam., and
Salvinia minima Baker. These habitats support planktonic and epiphytic microalgal

communities, which play a key role in primary productivity and local biodiversity.

Sampling design

The study was carried out on two nearby dairy farms in the district of Capao Seco.
On these properties, cattle are raised under an extensive system, at low density (fewer
than one animal per hectare), moving freely between grazing areas and ponds for
macrophyte consumption and drinking, thus promoting constant interactions between
grassland and wetland habitats.

At each collection site, three types of samples were obtained: qualitative and
quantitative samples from environment, and quali-quantitative samples from cattle.
Sampling was conducted exclusively on sunny days between April and May of 2025, with
no rainfall in the preceding days, to avoid interference with algal communities and ensure

comparability among collections. Quantitative environment samples consisted of
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subsurface water collected with a 50 mL tube at three points along the cattle’s daily path.
Qualitative environment samples were taken at the same points using a 20 um plankton
net. The concentrate was stored in two 50 mL tubes, one fixed and one live, to improve
identification of taxa sensitive to preservatives. Sampling points were chosen to best
represent the local phytoplankton community. In addition to water sampling, macrophytes
were washed and suspended sediments were collected to include periphytic and benthic
organisms potentially available for dispersal.

The study involved 62 dairy cows distributed across the two farms (n =30 e n =
32). Quali-quantitative microalgae samples adhered to the cow coat were obtained during
milking by washing the coat near the knee, a region with high contact with phytoplankton
during animal movement and feeding. Washing was performed using a gentle jet of
distilled water applied with a wash bottle, and the detached material was concentrated
using an adapted funnel and stored in 50 mL tubes. The adapted funnel was made from
recycled 2 L PET bottles: the upper half was cut and molded into a funnel shape,
functional for animals of different sizes, species, and types of sampling. On the larger
opening, a rounded half-moon cut was made to fit the animal’s leg, ensuring efficient and
comfortable collection. On the opposite side, a larger half- moon cut extended to the
bottle’s upper base, creating a wide opening to facilitate water jet handling during
washing. At the smaller opening, a 50 mL centrifuge tube was attached to collect the
sample without spillage. Between each collection, the funnel was rinsed with distilled
water to prevent contamination. A total of four control samplings were performed. All
samples were preserved with 4% (v/v) formaldehyde.

Quantitative analyses from environment (cells/'mL) were performed in a

sedimentation chamber using an inverted optical microscope (Zeiss Axio Vert. Al),
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following the Utermdhl method (1958). For qualitative environment samples and quali-
quantitative cattle samples, two slides with coverslips were prepared for each sample and
examined under a light optical microscope (Olympus CX21), with taxa identified to the
lowest possible taxonomic level. Species identification was confirmed by consulting the
AlgaeBase database (Guiry & Guiry, 2025), complemented with specialized
identification guides and scientific literature relevant to microalgae observed in the study
region. This integrated approach ensured taxonomic accuracy and standardized
nomenclature, guaranteeing the reliability of results. Fieldwork was conducted in
accordance with current Brazilian legislation, with permission from the Chico Mendes
Institute for Biodiversity Conservation—ICMBio/SISBIO (license no. 100550-1 and
license no: 88630-3) and approval from the Ethics Committee CEUA/FURG (no.

Pq005/2023).

Data Analysis

Microalgae species were grouped into five morpho-functional groups: 1) Pennate
Diatoms (PD), 2) Unicellular Mixotrophic Flagellates (UMF), 3) Unicellular Green Algae
(UG), 4) Filamentous Algae (FA), and 5) Colonial and Mucilaginous Colonial Algae
(CMA), adapted from Salmaso & Padisdk (2007) and Kruk et al. (2010). This
classification was adopted to enhance the clarity of the analyses, thereby allowing the
assessment of potential morphological patterns related to epizoochorous dispersal.
Relative abundances of microalgae species within each morpho-functional group were
calculated for environmental and cow data, based on cell density (cells/mL") and number
of individuals, respectively, divided by the total counts.

Generalized linear models (GLMs) were used to analyze differences in species
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richness between functional groups sampled in the environment and on cow coats. Models
were fitted with the distribution that did not show overdispersion (negative binomial
distribution for richness observed on cows and Poisson distribution for richness observed
in the environment). A chi-square test of association (contingency table) was applied to
assess whether the frequency of species within each functional group differed between
the environment and cows.

The relationship between functional groups and the variation in algal composition
on cows was evaluated using redundancy analysis (RDA). In this analysis, the response
matrix consisted of algal species composition based on presence—absence data for each
sampling unit (cow), whereas the explanatory matrix consisted of functional groups,
considering the species richness of each group in each sampling unit (cow). All analyses
were performed in R version 4.4.0, using the packages vegan, Ime4, corrplot, and ggplot2

(R Development Core Team, 2025).

Results

A total of 105 algal species were recorded in the environment, and 80 species were
on cow coats. Of the 105 species found in the environment, 44 were also adhered to cow
coats, while 61 species were observed exclusively in the environment. Considering the
combined algal richness in both environment and cows, a total of 138 species distributed
across five divisions, and 30 families were recorded (Supplementary Table 1). Among the
62 sampled cows, only three individuals showed no algal taxa adhered to their coats.
The most frequent species on cows were Nitzschia palea (64.5%), Nitzschia filiformis,

(Oscillatoria sp. (27.4%), Diadesmis confervacea (21%), Aulacoseira italica (19.4%),
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Aulacoseira granulata (17.7%), Pinnularia viridis (14.5%), Sellaphora pupula (14.5%),
Euglena viridis (12.9%), and Pinnularia sudetica (11.3%). The remaining 69 algal
species occurred in less than 10% of the sampled cows (six or fewer individuals). Algal
taxonomic richness per cow ranged from zero to 13 species, with eight individuals hosting
between 10 and 13 species.

Regarding morpho-functional groups, species belonging to all five categories
were observed both in the environment and on cow coats: 1) Unicellular Mixotrophic
Flagellates (41 species), 2) Pennate Diatoms (43 species), 3) Unicellular Green Algae (17
species), 4) Colonial and Mucilaginous Colonial Algae (16 species), and 5) Filamentous
Algae (21 species) (Supplementary Table 1). Functional richness (i.e., the number of
functional groups) ranged from zero to five groups. Most cows (86.4%) hosted between
one and three functional groups, while 13.6% hosted four or five groups.

The relative abundance of morpho-functional groups showed contrasting patterns
between environmental and cattle samples. In environmental samples, unicellular
mixotrophic flagellates (36.7%), filamentous algae (33.4%), and pennate diatoms
(25.4%) were the predominant groups (Fig. 1a). In cow samples, pennate diatoms were
dominant (59%), followed by filamentous algae (20.6%) and unicellular mixotrophic

flagellates (14.6%) (Fig. 1b).
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Fig. 1. Relative abundance of morpho-functional groups of microalgae in the environment

(A) and in cattle (B) from Neotropical wetlands.

Species richness differed significantly among the five morpho-functional groups in the
environment (GLM, P = 0.004; Fig. 2). The richness of colonial and mucilaginous
colonial algae was lower than that of pennate diatoms, unicellular mixotrophic flagellates,
and unicellular green algae (P < 0.05), and similar to that of filamentous algae (P > 0.05;
Fig. 2a). Species richness also varied significantly among the five morpho-functional
groups on cows (GLM, P < 0.001; Fig. 2b). Pennate diatoms exhibited greater richness
than all other morpho- functional groups (P < 0.05). The richness of colonial and
mucilaginous colonial algae and unicellular green algae was lower than that of
filamentous algae and unicellular mixotrophic flagellates (P < 0.05). In contrast, richness
did not differ significantly between filamentous algae and unicellular mixotrophic
flagellates, nor between colonial and mucilaginous colonial algae and unicellular green

algae (P > 0.05; Fig. 2b).
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Fig. 2. Species richness of morpho-functional groups of microalgae in the environment
(A) and in cattle (B) from Neotropical wetlands.

The proportion of species across the five morpho-functional groups differed between the
environment and cows (y? = 10.571, df =4, P = 0.031). While the proportion of species
belonging to the filamentous algae, unicellular green algae, and colonial and
mucilaginous colonial algae groups was higher in the environment, the proportion of
species belonging to the pennate diatoms and unicellular mixotrophic flagellate groups

was higher on cows (Fig. 3).
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Fig. 3. Bubble plot showing the association between algal functional groups (FA, UMF,
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CMA, UG, PD) in the environment and on cattle. The size of the bubbles represents the
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magnitude of the relationship, while the color gradient (blue to red) indicates the strength

and direction of the values according to the scale on the right.

The first two axes of the Redundancy Analysis were significant (P = 0.001),
representing a significant variation in the composition of algal species adhered to cattle
coats (Fig. 4). Functional groups explained 24.1% of this variation in algal species
composition (R*=0.241), particularly filamentous algae, pennate diatoms, and unicellular
mixotrophic flagellates (Fig. 4). The ordination diagram revealed that these three
functional groups exhibited the greatest variation in richness among cows, contributing
most strongly to the variation in algal species composition dispersed through

epizoochory.

RDA2

RDAT

Fig. 4. Ordination diagram showing the strength of each functional group found during
the epizoochorous dispersal process by cattle. Gray circles represent cows, plus signs

represent microalgal species, and red arrows indicate functional groups.
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Discussion

Epizoochorous dispersal has been studied in domestic animals (Albert et al.,
2015), such as sheep (Freund et al., 2014; Rico et al., 2014), horses (Couvreur et al.,
2005b), mules (Liechrmann et al., 2018), and cattle (Couvreur et al., 2005b; Whitacre &
Call, 2006; De Pablos & Peco, 2007). However, most of these studies focused on the
dispersal of seeds from terrestrial plants in temperate Northern Hemisphere grasslands,
often with specific morphological structures (barbs and hooks) that facilitate attachment
to animal fur. Studies addressing the dispersal of microalgae by wild and domestic
mammals in native grasslands are rare or nonexistent, particularly in the Neotropical
region (Burgin & Renshaw, 2008; Green et al., 2023).

Our results showed that cattle dispersed a wide diversity of wetland microalgae
via epizoochory. This finding supports our first research hypothesis. A total of 70
microalgal species belonging to seven families and five morpho-functional groups were
observed attached to the hind legs of the dairy cows. The cows moving freely between
grazing areas and ponds for macrophyte consumption and drinking, thus promoting
constant interactions between grassland and wetland habitats. Confinement occurred only
in the late afternoon during milking, after which the cows were released back into the
pasture. The high diversity of algae attached to the cow legs demonstrates that, in addition
to providing provisioning services to humans (milk), they also contribute to gene flow
among microalgal populations from different isolated wetlands within grassland matrices.

The dispersal potential of epizoochory is influenced by functional traits of the
dispersed organism, coat structure, and the specific body location of attachment

(Couvreur et al., 2005b; De Pablos & Peco, 2007; Schupp et al., 2010). Our study
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analyzed only the cow hind legs, a body region with frequent contact with the surface
water of wetlands during cattle grazing. Although the snout also makes contact with water
surfaces during aquatic plant consumption and drinking, samples could not be collected
because the dairy cows were fed meal supplements during milking.

Cattle dispersed via epizoochory approximately 43% of the microalgal species
present in the environment. Pennate diatoms and flagellated algae were the most frequent
and abundant morpho-functional groups in cow coat, despite not being the dominant
groups in the environment. Among most frequent species on cows, only Aulacoseira
italica and Aulacoseira granulata are considered planktonic. Euglena viridis, although
not strictly attached to substrates, typically inhabits areas near sediments or organic matter
accumulations. The remaining species, including pennate diatoms and filamentous
cyanobacteria, are generally characterized by a periphytic lifestyle. This indicates that
cow coats act as an environmental filter in microalgal dispersal. This finding contradicts
our second hypothesis, which predicted that colonial mucilaginous microalgae would be
favored in the epizoochorous process, since mucilage production is generally associated
with enhanced adhesion to rough surfaces. The higher adherence of pennate diatoms may
be explained by their siliceous frustules, which provide structural resistance and the
capacity to secrete mucilage, facilitating attachment to substrates, including the rough and
dense surface of cattle coat (Lind et al., 1997; Liehrmann et al., 2018). The greater
adherence of flagellated algae may result from their elongated and mucilaginous sheaths,
which promote adhesion to substrates even after mechanical stress or partial desiccation.
Moreover, unicellular mixotrophic flagellates were the most abundant group in the
environment, a factor that likely promoted their dispersal via cattle.

Despite the wide diversity of microalgae attached to cow coat, dispersal distance
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is constrained by farm fences. This restriction limits the dispersal of aquatic organisms
by cattle compared with birds, capybaras, and otters (Silva et al., 2021; Hoffmann et al.,
2024, 2025). However, the high abundance of cattle in the region makes microalgal
dispersal a frequent and recurrent process between ponds within farms, which may be
advantageous for microalgae sensitive to desiccation. This pattern characterizes cattle as
step-by-step dispersal vectors, gradually transporting microalgae across longer distances
(Coughlan et al., 2017b).

The pattern observed here aligns with well-documented processes in plant
epizoochory, where the animal integument not only transports but also selectively favors
propagules with traits that enhance adhesion and resistance (Couvreur et al., 2005a,
2005b; Manzano & Malo, 2006; Liechrmann et al., 2018). In our analysis, traits such as
siliceous frustules, mucilage secretion, filamentous body, or mixotrophy emerge as key
determinants of persistence and dispersal. Thus, cattle fur is not merely a passive substrate
but a functional filter shaping dispersal potential.

For future research, we suggest investigating other mammals that frequently
interact with wetland systems, such as capybaras (Hydrochoerus hydrochaeris) and
coypus (Myocastor coypus), to assess whether similar functional patterns occur across
different integuments and fur types. Expanding research to broader spatial scales across
different regions will help assess the extent to which wetland microalgal richness and
abundance modulate this process. This will contribute to a better understanding of
ecological connectivity among wetlands and the role of epizoochory in maintaining
microalgal diversity in isolated landscapes.

Finally, our results demonstrate that epizoochorous dispersal success is

determined not only by environmental availability but also by the interplay of species
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richness, functional traits, and integument properties. Groups that combine these factors
such as pennate diatoms and filamentous algae achieve greater dispersal success, whereas
groups with limited diversity, even when possessing favorable traits, tend to be
underrepresented. Thus, epizoochory emerges not as a merely passive transport
mechanism but as a selective process that shapes the functional diversity of microalgae,
thereby contributing to the maintenance and enhancement of ecological connectivity in

1solated wetlands.
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ABSTRACT

1. Dispersal refers to the movement of organisms among habitats across the landscape, and
passive dispersal occurs when organisms or their propagules are transported by external
vectors. Despite this relevance, the contribution of waterbirds to microalgal dispersal via
epizoochory and endozoochory remains poorly documented. Here, we assessed the capacity
of a large-bodied resident Neotropical waterbird, the southern screamer (Chauna torquata),

to disperse microalgae through both epi- and endozoochory in wetland ecosystems.

2. The study was carried out in a Ramsar Site located in the southernmost region of Brazil.
Microalgal samples were collected from a natural wetland as a reference and from two body
regions (toes and feathers) of five adult individuals, as well as from 15 fresh fecal samples

of the species. All samples were obtained in the same locality during the cold season.

3. A total of 92 microalgal taxa were recorded in the wetland, whereas 61 taxa (154
individuals) were detected on the toes, 44 taxa (93 individuals) on feathers, and 18 taxa (194
individuals) in feces. Microalgal richness differed among wetland, toes, feathers, and feces,
with the highest richness observed in the wetland. Richness in toes and feathers exceeded
that found in feces, while richness did not differ between toes and feathers. Pairwise
comparisons indicated that fecal assemblages differed significantly in composition from

those found in the wetland, toes, and feathers.
4. These results demonstrate that the southern screamer has a high potential to disperse
microalgae through both epizoochory and endozoochory, although each pathway appears to

operate under distinct selective filters.

5. Overall, this study underscores the ecological role of waterbirds in sustaining microalgal

connectivity across wetland ecosystems.
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Introduction

Microalgae comprise an extremely diverse group of organisms and play a key
role in the primary production of continental wetlands (Reynolds 2006; Wehr et al. 2015).
Although they are widely distributed geographically (van Gremberghe et al. 2011), the active
mobility of microalgae is limited, and their colonization of new habitats, as well as gene
flow among isolated populations, largely depends on dispersal vectors (Kristiansen 1996;
Sassenhagen et al. 2015; Tesson et al. 2016, 2018).

Dispersal refers to the movement of organisms among habitats across the
landscape, whereas passive dispersal occurs when organisms and/or their propagules are
transported by external vectors. These vectors may be physical or biological, including wind
(anemochory), water (hydrochory), and animals (zoochory) (Soomers et al. 2013; Green et
al. 2022). Animal-mediated dispersal may occur via epizoochory, when propagules adhere
to integument, fur, feathers, or beaks, or via endozoochory, when propagules are transported
through the digestive tract. In South American wetlands, passive dispersal of seeds and
aquatic invertebrates has been documented in waterbirds, capybaras, coypus, and otters
(Coughlan et al. 2017; Silva et al. 2018; Green et al. 2023; Hoffmann et al. 2024, 2025;
Navarro-Ramos et al. 2024).

In waterbirds, the relevance of dispersal through epizoochory and
endozoochory may vary among species and according to propagule characteristics (Wehr et
al. 2015; Mogles et al. 2018; Carbonell et al. 2021; Fernandez et al. 2021; Martin-Vélez et
al. 2022; Almeida et al. 2025). However, comparative studies assessing the efficiency of
higher plant and invertebrate dispersal via epi- and endozoochory have been conducted

mainly in passerines (Brochet et al. 2010; Costa et al. 2014) and wild mammals (Albert et
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al. 2015; Chuong et al. 2016; Martin et al. 2022; Tomowski et al. 2025). For waterbird-
mediated seed dispersal, transport appears more frequent through endozoochory (Green et
al. 2023). Nonetheless, information regarding the role of waterbirds in algal dispersal via
epizoochory and endozoochory remains scarce (Proctor 1959; Schlichting 1960; Atkinson
1971; Green et al. 2023).

In the case of microalgae, morpho-functional traits may act as ecological filters,
indicating which taxa are more likely to be dispersed by animal vectors. The analysis of
Diplosphaera chodatii by Medwed et al. (2021) identified morpho-functional traits
associated with adhesion and retention on biological substrates, as well as high resistance to
desiccation. Traits such as mucilage and capsule production (e.g., Nitzschia,
Trachelomonas), colony formation (e.g., Scenedesmus, Pediastrum), and resistant forms
(cysts/spores) may increase the likelihood of external retention and gut passage, allowing
susceptibility to epizoochory and endozoochory to be inferred (Reynolds 2006; Litchman
and Klausmeier 2008; Kruk et al. 2010; Wehr et al. 2015). Adhesion to feathers and legs/feet
may be enhanced by extracellular proteoglycans in diatoms (Lind et al. 1997), while
mucilage may increase adherence and act as a buffer against desiccation (Lewis and
Flechtner 2004; Wehr et al. 2015).

Here, we evaluated the ability of a Neotropical aquatic bird, the southern
screamer (Chauna torquata), to disperse microalgae through both epizoochory and
endozoochory in Neotropical wetlands. The southern screamer (as well as the three species
of Anhimidae) is a South American endemic, abundant in the subtropical grasslands of
southern Brazil (Fontana et al. 1994; Fernandez et al. 2021). Although belonging to the order

Anseriformes, screamers lack interdigital membranes, but are capable of swimming when
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under threat. Nests are constructed as floating platforms over water, usually within dense
macrophyte stands, and chicks are nidifugous (Brady 2020). The southern screamer
(hereafter screamer) exhibits a predominantly herbivorous diet, feeding largely on aquatic
macrophytes such as Eichhornia crassipes, Egeria densa, Hydrocotyle ranunculoides, and
Myriophyllum aquaticum, as well as on associated periphytic material (Pereyra 1942; Valle
1991). Foraging commonly occurs by grazing on macrophyte stands and along wetland
margins, increasing contact of feet and plumage with biofilms and periphyton (Valle 1991,
Fernandez et al. 2021). The species also makes extensive use of terrestrial habitats, often
with water-clogged soils, where it grazes alongside cattle and sheep (Fernandez et al. 2021).
In addition, screamers perform daily movements between roosting and foraging areas (Valle
1991).

The ecology and lifestyle of screamers suggest a strong potential for microalgal
dispersal through both epi- and endozoochory. Frequent contact of feet and feathers with
surface biofilms and with submerged and floating macrophytes may facilitate external
transport of colonial, filamentous, and diatomaceous forms capable of adhesion and
resistance to short periods of desiccation (Lind et al. 1997; Lewis and Flechtner 2004; Wehr
et al. 2015). Likewise, ingestion of macrophytes hosting dense epiphytic communities
(epiphyton) may promote the indirect intake of microalgae and resistant forms into the
digestive tract, which can later be transported to other water bodies via excreta (Reynolds
2006; Brochet et al. 2010; Wehr et al. 2015). In this context, we tested the following
hypotheses: 1. screamers disperse microalgae through both endozoochory and epizoochory;
2. microalgal richness dispersed by screamers is greater via epizoochory than via

endozoochory; and 3. the taxonomic and functional composition of microalgae dispersed by
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screamers differs between epi- and endozoochory.

Methods

Study area

The study was conducted at the Taim Ecological Station (ESEC Taim), a
Ramsar Site located in the southernmost region of Brazil. ESEC Taim lies within the Pampas
biome, approximately 500 km from Uruguay, and covers an area of 32,797 ha. The Pampas
biome is a vast grassland formation extending across southern Brazil, Uruguay, and
Argentina, historically exploited for cattle grazing and more recently for agriculture, which
makes it a biome under severe threat. ESEC Taim encompasses a mosaic of isolated wetlands
of varying sizes and hydrological regimes (permanent and intermittent). These habitats hold
high ecological and hydrological importance, functioning as water retention zones,
regulators of hydrological flows, providers of aquatic biodiversity support, and maintainers
of regional ecological connectivity (Convention on Wetlands 2025). The climate is humid
subtropical, with a mean annual temperature of 18 °C and annual precipitation ranging from
1,000 to 1,500 mm, evenly distributed throughout the year (Tomazelli et al. 2000). The
vegetation is dominated by natural grasslands of the Pampas biome, associated with aquatic

macrophyte communities.

Sampling design

Qualitative samples of microalgae were collected at three equidistant sampling
points (300 m apart) within a permanent wetland inside ESEC Taim. At each sampling point,
microalgae were collected using a 20 um plankton net, manually towed at the subsurface
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layer of the water column for 15 m. In addition, macrophytes were washed and the detached
sediments were collected to include periphytic and benthic algae. All concentrated material
was transferred into 50 mL tubes.

Quantitative samples of microalgae adhered to the body surface and contained
in the feces of screamers were collected from different individuals during the cold season
(between May and August 2025). Algae adhered to the birds’ bodies were collected from
two body regions of five different adult individuals: (i) the toes, which remain in direct
contact with water and sediment during locomotion, and (ii) the ventral plumage (feathers),
which frequently contacts the water surface and aquatic vegetation during resting and
foraging activities. Microalgae were collected by gentle directed washing with distilled
water jets applied using a wash bottle directly over the selected regions. The washing water
was collected using adapted funnels made from 2 L PET bottles cut and molded into
semicircular shapes to fit the anatomical contour of each sampled region. A 50 mL centrifuge
tube was attached to the lower end of each funnel to collect the detached material. After each
washing, all equipment was carefully rinsed with distilled water to avoid cross-
contamination between individuals. Control samples (open 50 mL centrifuge tubes with
distilled water) collected near each bird showed no microalgae, confirming that windborne
contamination did not occur during sampling.

A total of 15 fresh fecal samples were collected along the wetland margin
(within 30 m from the shore), at least 4 m apart from each other, to reduce the likelihood of
sampling feces from the same individual, in places used as foraging or roosting sites by
screamers. From each fecal sample, a subsample of approximately 1 g was taken, from which

0.1 g was diluted in 10 mL of water. From the initial 10 mL, a 1 mL aliquot was removed,
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leaving 9 mL of sample. To this, 1 mL of neutral red solution (400 png/L) was added, totaling
10 mL for viable cell staining.

Cell viability was assessed based on the integrity of the main structural
components. Cells displaying an intact cell wall, well-preserved organelles, particularly the
chloroplast, and cytoplasm were considered viable. Additionally, the cellular viability of
microalgae in feces was assessed using the neutral red staining technique, which allows
discrimination between live and dead cells based on cytoplasmic coloration (da Luz et al.
2016). This approach enabled the detection of potentially viable structures with colonization
capacity after passage through the avian digestive tract. All samples were fixed in 4% (v/v)
formaldehyde and stored at room temperature until analysis. The samples stained with
neutral red were fixed two hours after exposure.

Microalgal richness was assessed in the wetland samples, and two slides (for
qualitative and quantitative analysis) were prepared from the zoochorous samples (epi- and
endozoochory) under an optical microscope (Olympus CX21). Taxonomic identification
was carried out to the lowest possible level, based on specialized literature and the
AlgaeBase database (Guiry and Guiry 2025). Fieldwork was conducted in accordance with
current Brazilian legislation, with permission from the Chico Mendes Institute for
Biodiversity Conservation—ICMBio/SISBIO (License no. 88630-5) and approval from the

Ethics Committee CEUA/FURG (No. Pq031/2024).

Data analysis

Microalgal taxa were grouped into five morpho-functional groups: 1) Pennate

Diatoms (PD), 2) Unicellular Mixotrophic Flagellates (UMF), 3) Unicellular Green Algae

58



(UG), 4) Filamentous Algae (FA), and 5) Colonial and Mucilaginous Colonial Algae

(CMA), adapted from Salmaso and Padisak (2007) and Kruk et al. (2010).

We used a generalized linear model (GLM) to evaluate the effect of treatment
(wetland, toes, feathers, and feces) on total microalgal richness. Because algae from toes and
feathers were sampled from the same individual, sample ID was included as a random effect
in an additional generalized linear mixed-effects model (GLMM). As richness is a discrete
variable, models were fitted using a negative binomial distribution with a log link function,
after diagnostic tests indicated no overdispersion under this distribution. The full model
(GLMM) was compared with the reduced model (GLM without the random effect) using a
likelihood ratio test (LRT). When the test indicated a significant improvement in model fit
(p <0.05), the model including the random effect was retained; otherwise, the simpler GLM
was preferred. Significant differences among treatment groups were examined using
Tukey’s post hoc test. In addition, a chi-square test of association (contingency table) was
performed to assess whether the frequency of microalgal taxa within each functional group

differed among the wetland, toes, feathers, and feces.

To assess variation in the microalgal composition among wetland, toes,
feathers, and feces of screamers, we used principal coordinate analysis (PCoA) and
permutational multivariate analysis of variance (PERMANOVA) using the Jaccard distance
matrix (presence—absence) and 999 permutations to validate the model significance.
Permutations were constrained within individuals to account for the non-independence of
paired samples (toes and feathers from the same bird), whereas independent samples
(wetland and feces) were permuted freely within a common stratum. Homogeneity of

multivariate dispersion among treatments was evaluated with the betadisper method from
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the vegan package (Oksanen et al. 2024). Additionally, a multi-level pattern analysis (De
Caceres and Legendre 2009) was performed to identify associations between taxa occurrence
and specific combinations of study groups. The statistical significance of each association
was tested with 999 permutations, and taxa with p < 0.05 were considered significant
indicators of a particular group or combinations of groups (wetland, toes, feathers, and
feces). All statistical analyses were conducted in R v 4.4.0 (R Development Core Team

2024).

Results

Community structure and function

A total of 139 microalgal taxa were found in the study, of which 103 were
identified to the species level and 36 to the genus level. The genera with the highest number
of species were Nitzschia (17 species) and Cosmarium (11 species), followed by Closterium,
Navicula, Scenedesmus, Staurastrum, Staurodesmus, and Trachelomonas, each represented
by four species (Supplementary Table S1). Regarding morpho-functional groups, 38 taxa
were classified as pennate diatoms (PD), 31 taxa as filamentous algae (FA), 30 taxa as
colonial and mucilaginous colonial algae (CMA), 29 taxa as unicellular green algae (UG),

and 11 taxa as unicellular mixotrophic flagellates (UMF) (Supplementary Table S1).

Wetland, epizoochory and endozoochory

From the total of 139 microalgal taxa recorded in this study, 92 were found in
the wetland, 61 taxa and 154 individuals on the toes, 44 taxa and 93 individuals on the

feathers, and 18 taxa and 194 individuals in the feces, totaling 441 viable individuals overall.
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Among these, 44 taxa were exclusive to the wetland, 22 occurred only on the toes, 11 only
on the feathers, and five were shared between toes and feathers. Of the 92 taxa recorded in
the wetland, 16 taxa (17.4%) were also found on the toes, nine taxa (9.8%) on the feathers,
and 14 taxa (15.2%) on both toes and feathers. Regarding endozoochory, six taxa were found
exclusively in feces (Coleochaete sp., Synechocystis sp., Gomphosphaeria sp., Microspora
sp., Leptolyngbya sp., and Trachelomonas volvocina), and three taxa were shared between
feces and feathers (Eutetramorus sp., Scenedesmus bijugatus, and Cosmarium laeve).
Among the taxa recorded in the wetland, five taxa (5.4%) were detected in feces, and four
taxa (4.3%) occurred in both feces and feathers and/or toes. Two taxa accounted for 75.8%
of all microalgal found in feces (Pleurocapsa fuliginosa and Oedogonium sp.). Three algal

cysts were recorded, one of which belonged to Oedogonium sp.

Microalgal richness, and taxonomic and functional composition among wetland and

waterbirds

Since the random effect did not significantly improve model fit (> = 1.125, p
= (.288), the simpler GLM was selected. Microalgal richness differed among the wetland,
toes, feathers, and feces, with the highest richness observed in the wetland (GLM, ¥* =
120.59, df =3, p <0.001). Richness on the toes and feathers was significantly higher than in
the feces (p < 0.05), whereas no significant difference was found between toes and feathers

of screamers (p > 0.05; Figure 1).
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Figure 1. Microalgal richness variation among wetland (W), feathers (F) and toes (T) (n =5
birds sampled) and feces (Endo) (n = 15) of southern screamers (Chauna torquata) in a

southern Brazilian wetland.

The taxonomic composition of microalgal differed significantly among the
wetland, toes, feathers, and feces (R* = 0.358, Fs,2a = 4.469, p < 0.001) (Figure 2). This
variation was not influenced by differences in within-group dispersion of beta diversity, as
indicated by the Betadisper analysis (Fs,2« = 1.175, p = 0.334). Pairwise comparisons
revealed that the composition of microalgal found in feces differed significantly from that
found in the wetland, toes, and feathers (p <0.05). In contrast, the composition of microalgal
observed on the toes and feathers was similar to each other and did not differ from that of
the wetland (p > 0.05; Figure 2). Although 18 microalgal taxa were associated with a single
group (wetland, toes, or feces), 11 taxa were linked to two groups (wetland + feathers,
wetland + toes, or feathers + toes), and five taxa were associated with three groups (wetland

+ feathers + toes), as identified by the multilevel pattern analysis (Table 1).
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Figure 2. PCoA plot showing the microalgal composition variation among wetland (W),
feathers (F) and toes (T) (n = 5 birds sampled) and feces (Endo) (n = 15) of southern

screamers (Chauna torquata) at Taim Ecological Station, in southern Brazil

Table 1. Summary of the Multilevel Pattern Analysis showing the associations between
microalgal taxa occurrence and specific combinations of study groups (wetland, feathers,
toes and feces) of southern screamers (Chauna torquata) sampled in southern Brazil in 2025.

Significance levels: p <0.05%, p <0.01**, p <0.001***
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The proportion of microalgal taxa across the five morpho-functional groups
differed among wetland, toes, feathers and feces of screamers (y*> = 26.488, df = 12, p =
0.009). While the proportion of taxa belonging to the colonial and mucilaginous colonial
algae was higher in the feces, the proportion of taxa belonging to the pennate diatoms was
higher on the toes. The proportion of unicellular mixotrophic flagellates and unicellular

green algae taxa was higher in the wetland (Figure 3).

CMA
FA
PD
UG
UMF

W

T
0.25
= 026
076
=127
Endo 17T
-2 28

Figure 3. Proportion of microalgal taxa of five morpho-functional groups among wetland
(W), feathers (F) and toes (T) (n = 5 birds sampled) and feces (Endo) (n = 15) of southern

screamers (Chauna torquata) in a southern Brazilian wetland.
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Discussion

Our study demonstrated that southern screamer has a strong potential to
disperse microalgal via both epizoochory and endozoochory, although each pathway
involves distinct selective filters. Moreover, this study showed that waterbirds disperse
diverse morpho-functional groups of microalgal, such as pennate diatoms, filamentous algae,
colonial and mucilaginous colonial algae, unicellular green algae, and mixotrophic
flagellates. Green et al. (2023) emphasized the limited number of studies investigating
microalgal dispersal by waterbirds, referencing early contributions by Proctor (1959),
Schlichting (1960) and Atkinson (1971). Our results contribute to expanding the list of viable
microorganisms known to be dispersed by these organisms. This study may be considered
one of the first records of microalgal dispersal by aquatic birds through two distinct
mechanisms: epi- and endozoochory. Moreover, the study demonstrated an intense and
regular mechanism for a vast range of microalgae species, mediated for a bird living in the
aquatic and terrestrial ecotone, rather than an occasional event. However, there are still no
data from other studies corroborating the potential of aquatic birds to disperse microalgal,
including whether the genera Nitzschia and Cosmarium indeed have the highest dispersal
potential among them. These findings may serve as hypotheses to be tested in future

research.

This high dispersal ability reinforces the non-classical dispersal syndrome,
suggesting that zoochory is an important vector for aquatic organisms in wetlands (Green et

al. 2023). Studies on aquatic bird-mediated dispersal mark an important step in ecological
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research, as they go beyond the classical concept of frugivorous birds dispersing fleshy and
colorful fruits (Green et al. 2023; Messeder et al. 2025). Thus, aquatic birds could disperse
seeds of angiosperms with fleshy and colorful fruits (Orlowski et al. 2016), but also
microalgal (Ellegaard and Ribeiro 2018), seeds of plants without colorful fruits (Silva et al.
2021; Lovas-Kiss et al. 2023), whole plants (Lovas-Kiss et al. 2018; Silva et al. 2018),
invertebrates (Robertson et al. 2021), and fish eggs (Silva et al. 2019; Lovas-Kiss et al.

2020).

Our results showed that the richness of microalgal dispersed by southern
screamers was higher via epizoochory than via endozoochory (unlike the dispersal of
angiosperm seeds, Green and Wilkinson 2024), and that the dispersed assemblages differed
between these two mechanisms. This species remains closely associated with surface water
in wetlands, and the likelihood of algae adhering to its toes and dorsal feathers is high.
Pennate diatoms predominated on the toes, reflecting their epiphytic habit and the adhesive
capacity conferred by their siliceous frustules and mucilage secretion (Letdkova et al. 2018).
The similarity between microalgal dispersed through epizoochory and those present in the
wetland environment indicates that adhered taxa mainly originate from direct contact with
the water surface and macrophyte biofilms. In contrast, the differences in composition
between microalgal dispersed via the digestive tract and those dispersed externally suggest
that the endozoochorous taxa largely correspond to epiphytic species ingested along with the
macrophytes used as food. These findings reveal two complementary filters in microalgal
dispersal by aquatic birds: while epizoochory favors taxa with adhesive traits and desiccation
resistance (Tesson et al. 2018), endozoochory selects for protected forms and resistant stages
capable of enduring adverse conditions derived from internal gut transit and digestive
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processes of birds.

The lower richness and distinct composition of microalgal dispersed through
the digestive tract compared to external transport may result from the low resistance of many
species to gut passage (Atkinson 1972; Tesson et al. 2016). Colonial/mucilaginous (CMA)
and filamentous (FA) algae, as well as microalgal forming cysts (e.g., Oedogonium sp.),
possess capsules, sheaths, or segmented thalli that provide mechanical and physiological
protection during intestinal transit and temporary exposure to outside water (Atkinson 1972;
Souffreau et al. 2013; Tesson et al. 2016). Cyst formation is considered an adaptation to
adverse conditions (Anderson and Wall 1978), and microalgal with thick, mechanically
resistant cell walls (Kokinos et al. 1998) have greater chances of surviving gut passage than

vegetative cells (Kremp et al. 2003; Tesson et al. 2018).

Information on population size and flight distances of screamers is scarce in
the literature; however, field observations in southern Brazil indicate that this species is
abundant and performs short flights restricted to foraging areas, staying year-round at the
same places, with fixed territories during breeding. Our results show that screamers act as
an important vector for short-distance dispersal of microalgal, potentially promoting
progressive transport of propagules among isolated wetlands. This mechanism, known as
step-by-step dispersal (Coughlan et al. 2015, 2017), may enhance connectivity among
microalgal populations and sustain gene flow and colonization processes at a local scale
(Rengefors et al. 2012; Sassenhagen et al. 2015). Despite its limited movement range, the
high abundance of screamers in the study area suggests that microalgal dispersal mediated
by this waterbird species, and potentially many others, may occur frequently and in multiple

directions, forming a regional dispersal network.
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CONSIDERACOES FINAIS E PERSPECTIVAS

A presente dissertacao contribui de forma relevante para a compreensao da zoocoria
como um mecanismo ecologico central para a conectividade biologica em areas umidas
rasas, temporarias e frequentemente isoladas na paisagem. Ao investigar a dispersao de
microalgas por vertebrados com ecologias contrastantes, este trabalho evidencia que a
distribuicdo e reorganiza¢do de comunidades de microalgas ndo dependem exclusivamente
da conectividade hidrologica, mas também da movimentacdo animal que conecta habitats
aquaticos ao longo do tempo. Nesse contexto, a zoocoria nao se apresenta como um processo
secundario, mas como um componente estruturante da persisténcia e da resiliéncia regional
dessas comunidades, especialmente em ambientes sujeitos a variacdes hidrologicas e
distarbios locais.

Os resultados demonstram que diferentes vertebrados exercem papéis
complementares nesse processo, operando por vias distintas € em escalas espaciais
contrastantes. Mamiferos herbivoros, particularmente bovinos, tendem a atuar como vetores
de dispersdo epizoocoérica em escala local, favorecendo o transporte frequente de propagulos
entre ambientes proximos durante rotinas de deslocamento, forrageio e dessedentacdo. Esse
padrdo reforca a ideia de que, em paisagens campestres com mosaico de areas Uimidas
mamiferos podem contribuir para reduzir o isolamento funcional entre pogas e lagoas
temporarias, potencialmente facilitando a recoloniza¢do apos periodos de dessecacao.

Por outro lado, aves aquaticas ampliam a compreensdo do processo ao reunir duas
rotas de dispersdo com implicagdes ecoldgicas distintas: além do transporte externo, através
das penas e patas, a passagem pelo trato digestorio introduz uma via adicional, resultando
em filtros ecoldgicos distintos no processo de dispersdo. Essa caracteristica ressalta que aves
podem atuar como conectores regionais, deslocando organismos entre areas Umidas
pertencentes a diferentes contextos hidrologicos e promovendo redistribuicdo bioldgica em
escalas superiores. Ao integrar essas evidéncias, o trabalho sustenta uma légica de
complementacdo: enquanto bovinos reforcam fluxos didrios em curtas distancias, aves
aquaticas podem ampliar o alcance espacial e integrar ambientes mais distantes ou
desconectados hidrologicamente.

Um avanco importante desta dissertacdo estd em demonstrar que a dispersdo ndo

ocorre ao acaso. Os resultados indicam seletividade, compativel com a ideia de filtragem
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funcional: nem todos os organismos disponiveis no ambiente apresentam a mesma
probabilidade de serem transportados. Nesse sentido, a zoocoria atua simultaneamente como
mecanismo de conectividade e como filtro ecologico que pode influenciar na composi¢ao
das comunidades. A associagdo observada entre o transporte e tragcos morfofuncionais sugere
que caracteristicas como resisténcia ao estresse, tolerancia a dessecacdo, formacao
colonial/filamentosa, producdo de mucilagem e robustez estrutural aumentam a
compatibilidade com as rotas de dispersdo. A endozoocoria, em particular, representa um
cenario ainda mais seletivo, favorecendo subconjuntos funcionalmente resistentes as
condigdes impostas durante a passagem interna.

A superficie corporal dos vetores emerge como outro elemento importante para
interpretar o processo dispersivo. Além disso, a superficie corporal dos vetores influencia
diretamente a eficiéncia epizoocorica, pois funciona como uma interface fisica seletiva. A
textura do tegumento, sua rugosidade, densidade de estruturas de reteng¢do (pelos/penas),
além da capacidade de manter umidade e material particulado, controlam a aderéncia e a
persisténcia dos propagulos durante o deslocamento, modulando quais grupos sdo mais
frequentemente transportados. Assim, este trabalho aponta que a eficiéncia epizoocoérica
pode ser modulada pela intera¢do entre o tipo de tegumento e os tracos funcionais das
microalgas, oferecendo uma base conceitual promissora para avangar na compreensao
mecanica da dispersao.

Além de fortalecer implicacdes ecologicas, os resultados também possuem
relevancia aplicada. Ao indicar que vertebrados podem atuar como agentes naturais de
conectividade bioldgica em areas imidas, a dissertacao refor¢a a necessidade de considerar
a manutencdo de processos ecoldgicos em estratégias de manejo e conservagdo. Em
paisagens produtivas, esse entendimento pode contribuir para alinhar conservagao e uso do
territorio, valorizando mosaicos imidos e reduzindo a fragmentagao funcional.

Como perspectivas futuras, destaca-se a necessidade de testar de maneira mais
robusta a relagdo entre tegumento e selecdo funcional, o que exigird delineamentos
comparativos com amostragens em multiplas areas para cada grupo de vertebrado, reduzindo
o efeito do pool ambiental local. Também se recomenda expandir o conjunto de vetores
avaliados, incorporando vertebrados com tegumentos contrastantes e diferentes padroes de

movimentagdo, como quelonios, anfibios e outros grupos de aves e mamiferos
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semiaquaticos. Estudos experimentais voltados ao tempo de retencdo, sobrevivéncia poOs-
transporte e capacidade real de colonizacdo apds deposicdo sdo igualmente essenciais para
transformar inferéncias ecoldgicas em evidéncias diretas de eficiéncia dispersiva. Por fim,
os achados desta dissertagao abrem espaco para discussdes no campo das solugdes baseadas
na natureza, nas quais incentivos e subsidios possam estimular praticas compativeis com a
conservagdo de areas umidas e com a manutencao de conectividade biologica, reconhecendo

tais processos como parte do funcionamento e da resiliéncia ecossistémica.
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ANEXOS
CAPITULO 1

SERVICO PUBLICO FEDERAL MINISTERIO DA
EDUCACAO
UNIVERSIDADE FEDERAL DO RIO GRANDE - FURG
PROPESP - COMISSAO DE ETICA EM USO ANIMAL

PARECER N° 89, DE 03 DE AGOSTO DE 2023

Certificamos que o projeto intitulado “Epizoocoria em areas umidas do extremo Sul do Brasil:

0 gado bovino como vetor de dispersdo de organismos aquaticos’,

protocolo n°

23116.012536/2023-71, sob a responsabilidade de Cristina Stenert Maltchik Garcia - que envolve
a produg¢do, manutengao e/ou utilizacdo de animais pertencentes ao Filo Chordata, subfilo

Vertebrata (exceto o homem), para fins de pesquisa — encontra-se de acordo com os preceitos

da Lei n°® 11.794, de 8 de outubro de 2008, do Decreto n°® 8.899, de 15 de julho de 2009, e com
as normas editadas pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA),
e foi APROVADO pela COMISSAO DE ETICA EM USO ANIMAL DA UNIVERSIDADE FEDERAL

DO RIO GRANDE (CEUA-FURG), em reunido de 02 de agosto de 2023 (Ata 008/2023).

A CEUA lembra aos pesquisadores que qualquer alteracdo no protocolo experimental ou
na equipe deve ser encaminhada a comissao para avaliagao e aprovacao. Um relatério final

deve ser enviado a CEUA no término da vigéncia do seu projeto.

MANIPULAR OS ANIMAIS

CEUA N° Pg005/2023

COLABORADORES Leonardo Maltchik Garcia,' Milena
AUTORIZAD Rosa Pereira, Pedro Henrique de

oS A Oliveira Hoffmann, Andressa Adolfo

VIGENCIA DO PROJETO

30/06/2026
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ESPECIE/ LINHAGEM / RAGA Bos Taurus (gado bovino) / Angus

NUMERO DE ANIMAIS 48
PESO/ IDADE 700 Kg / Adulto
SEXO Indiferente
ORIGEM Estancia Santa Maria & Isabella,
Reflgio da Vida Silvestre Banhado
do Magarico, Rio Grande, RS
ENVIO RELATORIOS PARCIAIS Janeiro de 2024; Janeiro de 2025;
Janeiro de 2026
ENVIO DO RELATORIO FINAL Julho de 2026

1
Sel o
assinatura
eletronica

ocumento assinado eletronicamente por Marcio de
zevedo igueiredo, Servidor, em 03/08/2023, as 09:13,
conforme horario oficial de Brasilia, com fundamento no
art. 62, § 12, do Decreto n2 8.539, de 8 de outubro de 2015.

A autenticidade do documento pode ser conferida no site
https://sei.furg.br/sei/controlador_externo.php?
acao=documento_conferir&acao_origem=documento_conferir&lang=pt B
R&id orgao_acesso_externo=0 nformando o cddigo verificador 0094577 ¢
o codigo CRC 70F8500D.
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gripe avidria. Informe-se na pagina do CEMAVE na Internet: https://www.gov.br/icmbio/pt-br/assuntos/centros-de-pesquisa/cemave/destaques/gripe-aviaria/gripe-
aviaria-1.

2 |Esta autorizagio NAO exime o pesquisador titular e os membros de sua equipe da necessidade de atender as exigéncias e obter as autorizagdes previstas em outros
instrumentos

legais relativos ao registro de agrotdxicos (Lei n2 7.802, de 11 de julho de 1989, Decreto n2 4.074, de 4 de janeiro de 2002, entre outros).

3 |Esta autorizagio NAO exime o pesquisador titular e os membros de sua equipe da necessidade de atender as exigéncias e obter as autorizacdes previstas em outros
instrumentos

legais relativos ao registro de agrotdxicos (Lei n2 7.802, de 11 de julho de 1989, Decreto n2 4.074, de 4 de janeiro de 2002, entre outros).

4 [Este documento ndo dispensa o cumprimento da Lei n2 13.123/2015, que dispde sobre o acesso ao patriménio genético, sobre a protegio e o acesso ao conhecimento
tradicional

associado e sobre a reparti¢do de beneficios para conservagdo e uso sustentavel da biodiversidade.
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5 |As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territério nacional, que impliquem o deslocamento de recursos humanos e
materiais, tendo por objeto coletar dados, materiais, espécimes bioldgicos e minerais, pegas integrantes da cultura nativa e cultura popular, presente e passada,
obtidos por meio de recursos e técnicas que se

destinem ao estudo, a difusdo ou a pesquisa, estdo sujeitas a autorizagdo do Ministério de Ciéncia e Tecnologia (Decreto n2 98.830, de 15/01/90).

6 |Esta autorizagdo NAO exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos
legais, bem como do consentimento do responsavel pela drea, publica ou privada, onde sera realizada a atividade, inclusive do drgéo gestor de terra
indigena, da unidade de conservagdo estadual, distrital ou municipal, ou do proprietario, arrendatario, posseiro ou morador de area dentro dos limites
de unidade de conservagdo federal cujo processo de regularizagdo fundiaria

lencontra-se em curso.

7  |Este documento somente poderd ser utilizado para os fins previstos na Portaria N°748/2022, no que especifica esta Autorizagdo, ndo podendo ser utilizado para fins
comerciais,

industriais ou esportivos. O material bioldgico coletado deverad ser utilizado para atividades cientificas ou didaticas no ambito do ensino superior.

Autorizacio para atividades com finalidade cientifica

Numero: 88630-2 Data da Emissdo: 09/10/2023 19:51:54 Data da Revalidacdo*: 20/07/2024

De acordo com o art. 31 da Portaria ICMBio n2 748/2022, esta autorizagdo possui vigéncia equivalente ao previsto no

cronograma de atividades do projeto e validade de um ano, devendo ser revalidada anualmente, através da apresentacdo
do relatdrio anual de

atividades, no prazo de até 30 dias apds o aniversario de sua emissao.

Dados do titular

Nome: Cristina Stenert |CPF: 934.646.570-00

Titulo do Projeto: Zoocoria em areas Umidas do ext re m o Sul do Brasil: ogado bovino como vetor de dispersdo de organismos
aquaticos

Nome da Instituicdo: UNIVERSIDADE FEDERAL DO RIO GRANDE ? FURG |CNPJ: 94.877.586/0001-10

Observagoes e ressalvas

8 [0 titular de licenga ou autorizagdo e os membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre que possivel,
ao grupo taxondmico de interesse, evitando a morte ou dano significativo a outros grupos; e empregar esforco de coleta ou captura que ndo comprometa a
viabilidade de populagdes do grupo

taxondmico de interesse em condi¢do in situ.

9 |Otitular de autorizagdo ou de licenga permanente, assim como os membros de sua equipe, quando da violagdo do disposto nesta portaria ou em legislagdo
vigente, ou quando da inadequagdo, omissdo ou falsa descri¢do de informagdes relevantes que subsidiaram a expedigdo do ato, pode, mediante decisdo
motivada, ter a autorizagdo ou licenga

suspensa ou cassada pelo Instituto Chico Mendes, por meio da Coordenagdo Gestora do Sisbio, e esta sujeito as sanc¢des previstas na legislacdo vigente.

1 |Em caso de pesquisa em UNIDADE DE CONSERVAGAOQ, o pesquisador titular desta autorizagdo devera contactar a administragdo da unidade a fim de CONFIRMAR AS DATAS|
0 [das

expedicdes, as condigdes para realizagdo das coletas e de uso da infraestrutura da unidade.

1 |Casoseja identificada a ocorréncia de espécie exdtica dentro ou no entorno de UNIDADE DE CONSERVAGAO FEDERAL, além de descrever no relatério de atividades, o
1 |pesquisador

deve informar a equipe gestora com maior brevidade possivel.

QOutras ressalvas

1 CEPTA Pirassununga-SP
2 CGPEQ
3 |Aautorizagdo do Sisbio ndo dispensa a obtengdo de autorizagdo do drgdo gestor da unidade de conservagdo COINF

estadual para acesso e realizagdo das atividades com finalidade cientifica.

4 |A coleta do material bioldgico nas UC Estaduais (ou Municipais) que constam entre as localidades assinaladas nesta CBC Brasilia-DF

autorizagdo, ndo podem ser realizadas sem a competente autorizagdo do drgdo gestor dessas areas.

Locais onde as atividades de campo serdo executadas
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# [Descri¢do do local Municipio-UF Bioma Caverna? | Tipo
1 [Sentinelado Sul Sentinela do Sul-RS Pampa Nado Fora de UC Federal
2 |Rio Grande Rio Grande-RS Pampa Nado Fora de UC Federal
3 |Reflgio de Vida Silvestre Banhado do Rio Grande-RS Pampa Nado Dentro de UC Estadual
Magarico
4 |Tapes Tapes-RS Pampa Nado Fora de UC Federal
5 |Camaqua Camaqua-RS Pampa Nado Fora de UC Federal
6 |Cristal Cristal-RS Pampa Nado Fora de UC Federal
7 [Turugu Turugu-RS Pampa Nado Fora de UC Federal
8 |Capdo do Ledo Capdo do Ledo-RS Pampa Nado Fora de UC Federal
9 |Sdo Lourencgo do Sul Sdo Lourengo do Sul-RS Pampa Nado Fora de UC Federal
10 [Pelotas Pelotas-RS Pampa Nado Fora de UC Federal
Atividades
# |Atividade Grupo de Atividade
1 |Coleta/transporte de material botanico, fingico ou Fora de UC Federal
microbioldgico
2 [Coleta/transporte de espécimes da fauna silvestre in situ Fora de UC Federal

Atividades X Taxons

# |Atividade Taxon Qtde.

1 |Coleta/transporte de material botanico, fungico ou Ranunculaceae -
microbioldgico

2 [Coleta/transporte de material botanico, fungico ou Poaceae -
microbioldgico

3 [Coleta/transporte de material botanico, fungico ou Menyanthaceae -
microbioldgico

4 |Coleta/transporte de material boténico, fingico ou Polygonaceae -
microbioldgico

5 [Coleta/transporte de material botanico, fungico ou Potamogetonaceae -
microbioldgico

6 [Coleta/transporte de material boténico, fungico ou Rubiaceae -
microbioldgico

7 |[Coleta/transporte de material boténico, fungico ou Hydrocharitaceae -
microbioldgico

8 [Coleta/transporte de material botanico, fungico ou Pontederiaceae -
microbioldgico

9 [Coleta/transporte de material boténico, fungico ou Alismataceae -
microbioldgico

10 |Coleta/transporte de material botanico, fingico ou Juncaceae -
microbioldgico

11 |Coleta/transporte de material botanico, fingico ou Ruppiaceae -

microbioldgico
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12 |Coleta/transporte de material botanico, fungico ou Salviniaceae -
microbioldgico

13 |Coleta/transporte de material botanico, fungico ou Onagraceae -
microbioldgico

14 |Coleta/transporte de material botanico, fungico ou Cyperaceae -
microbioldgico

15 |Coleta/transporte de espécimes da fauna silvestre in situ  [Cyclopoida 300

Numero: 88630-2

Data da Emissdo: 09/10/2023 19:51:54

Data da Revalidagdo*: 20/07/2024

De acordo com o art. 31 da Portaria ICMBio n2 748/2022, esta autorizagdo possui vigéncia equivalente ao previsto no
cronograma de atividades do projeto e validade de um ano, devendo ser revalidada anualmente, através da apresentacdo

do relatério anual de

atividades, no prazo de até 30 dias apds o aniversario de sua emissao.

Dados do titular

Nome: Cristina Stenert

|CPF: 934.646.570-00

Titulo do Projeto: Zoocoria em areas Umidas do ext re m o Sul do Brasil: ogado bovino como vetor de dispersdo de organismos aquaticos

Nome da Instituicdo: UNIVERSIDADE FEDERAL DO RIO GRANDE ? FURG

|CNPJ: 94.877.586/0001-10

Atividades X Taxons

# [Atividade Taxon Qtde.

16 |Coleta/transporte de espécimes da fauna silvestre in Rotifera 500
situ

17 |Coleta/transporte de espécimes da fauna silvestre in Ostracoda 200
situ

18 |Coleta/transporte de espécimes da fauna silvestre in Hyalellidae 300
situ

19 |Coleta/transporte de espécimes da fauna silvestre in Trichodactylidae 50
situ

20 |Coleta/transporte de espécimes da fauna silvestre in Calanoida 300
situ

21 |Coleta/transporte de espécimes da fauna silvestre in Bivalvia 100
situ

22 |Coleta/transporte de espécimes da fauna silvestre in Aeglidae 20
situ

23 |Coleta/transporte de espécimes da fauna silvestre in Anomopoda 500
situ

24 |Coleta/transporte de espécimes da fauna silvestre in Parastacidae 50
situ

25 |Coleta/transporte de espécimes da fauna silvestre in [Arachnida 50
situ

26 |Coleta/transporte de espécimes da fauna silvestre in Turbellaria 100
situ

27 |Coleta/transporte de espécimes da fauna silvestre in Nematoda 300
situ

28 |Coleta/transporte de espécimes da fauna silvestre in Gastropoda 100
situ

29 |Coleta/transporte de espécimes da fauna silvestre in Annelida 300
situ

30 |Coleta/transporte de espécimes da fauna silvestre in Belostomatidae 50
situ

31 |Coleta/transporte de espécimes da fauna silvestre in Dytiscidae 100
situ
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32 |Coleta/transporte de espécimes da fauna silvestre in Nepidae 50
situ

33 |Coleta/transporte de espécimes da fauna silvestre in Baetidae 50
situ

34 |Coleta/transporte de espécimes da fauna silvestre in Scirtidae 100
situ

35 |Coleta/transporte de espécimes da fauna silvestre in Hydroptilidae 50
situ

36 |Coleta/transporte de espécimes da fauna silvestre in Leptoceridae 100
situ

37 |Coleta/transporte de espécimes da fauna silvestre in Coenagrionidae 100
situ

38 |Coleta/transporte de espécimes da fauna silvestre in Veliidae 50
situ

39 |Coleta/transporte de espécimes da fauna silvestre in Curculionidae 50
situ

40 [Coleta/transporte de espécimes da fauna silvestre in Noteridae 100
situ

41 [Coleta/transporte de espécimes da fauna silvestre in Hydrophilidae 100
situ

42 [Coleta/transporte de espécimes da fauna silvestre in Caenidae 100
situ

43 [Coleta/transporte de espécimes da fauna silvestre in Aeshnidae 50
situ

44 [Coleta/transporte de espécimes da fauna silvestre in Libellulidae 100
situ

45 [Coleta/transporte de espécimes da fauna silvestre in Pleidae 50
situ

46 [Coleta/transporte de espécimes da fauna silvestre in Notonectidae 100
situ

47 [Coleta/transporte de espécimes da fauna silvestre in Corixidae 100
situ

48 [Coleta/transporte de espécimes da fauna silvestre in Staphylinidae 50
situ

49 [Coleta/transporte de espécimes da fauna silvestre in Ephydridae 100
situ

50 |Coleta/transporte de espécimes da fauna silvestre in Stratiomyidae 100
situ

Nimero: 88630-2 Data da Emissdo: 09/10/2023 19:51:54 Data da Revalidagdo*: 20/07/2024

De acordo com o art. 31 da Portaria ICMBio n2 748/2022, esta autorizacdo possui vigéncia equivalente ao previsto no

cronograma de atividades do projeto e validade de um ano, devendo ser revalidada anualmente, através da

apresentacdo do relatério anual de

atividades, no prazo de até 30 dias apds o aniversario de sua emissdo.

Dados do titular

Nome: Cristina Stenert

|ch: 934.646.570-00

Titulo do Projeto: Zoocoria em areas Umidas do ext re m o Sul do Brasil: ogado bovino como vetor de dispersdo de organismos
aquaticos

Nome da Instituicdo: UNIVERSIDADE FEDERAL DO RIO GRANDE ? FURG

|CNPJ: 94.877.586/0001-10

Registro de coleta imprevista de material biolégico

De acordo com Portaria ICMBIO N° 748, Art. 24. A coleta imprevista de amostras bioldgicas, espécimes ou de material abidtico em
unidades de conservacdo e cavernas, ndo contemplados na autorizagdo ou na licenga permanente, deve ser imediatamente
anotada em campo especifico do documento.

Taxon*

| Qtde.

| Tipo de Amostra

| Qtde. | Data
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CAPITULO 2

Mmsnires do Mo Ambiesee - MM
Instituhe Chico Memdes dis Corservagho da Bisdiversidade - ICMBio
Sistema S Auborizac bo & Infomalso em Biodiversidode - SISBI0

ICMBic

HHMA

Autorizagao para atividades com finalidade cientifica

Ndrmars: DEH1EN Dl i Ermies e (20132024 11:32:02 | i bt DEATNRINRS

D dceds cam & ail 31 da Portania ICMBis 6° TB2022, el i i i ruisabeiile a0 Predls fo Erovo g s
i alivididi S projelo @ validede di wm ans, dmdummuﬂ-uhmnnuﬁ;pwurdm il che
ilivid s, 1o prafo & alb 5 S apic & andvaraiio & GUE smiEes
Dadoes do titular

Hoeri: LEARNDRD BUCOMN

B

Tiusbes ey Pinjat: i, Wpa0 o omisani, €icks vl & @ geniis [l oo ni 60 G0 modulado s da MG & irss apeilicas

Mo i Irciiugies LIMYERSIDADE FEDERAL 0D RED GRANDE 7 PURG

J e 94670 Sa800E1- 10

Cronograma de atividades
# | Derkeracio de slistdads Imiein (s sl wnl Firmn [mirstanc)
1 Al s m o) P EE Y
Equipe
* | Wame Fungiio CiF N o ldadu
1 | Clrdbua Ao Fore s Warnlne di i 051 204 HGD-5 Hrasdama
2| VildiE Muisino Al Er da Casp DRk 8 D81 BODHD Hrasdama
1 | TALITA DE ALCAN TARA CARMNE TR AL O Gl TELATHAIET D Hrasdama
BACHKHALIS
A | LIVIG LEROS WERELGARL Ao e (e cAFp T ATE HID-41 Hrasdena
§ | WARIARA LOPES GORCALVES Aupdliar e i B8 AET 55004 Hraslaia
T | R ALS SLTEIRE GULAATE Aibdlr i S I 2 25H D4D-ES Hra slaia
7 |FERKSMOD AZEVEDO FAIA Auer e caspE [0 3 Q6 93010 Hrasdamu
| VIHECL G SOl RIRG UE S P er U AT AT A0 T8 Hrasdana
% | FERRARDA ChbdiN s, LEAL WALLS AL O Gl 0110081 B B8 D-B0 Hrasdamm
10 | e Fopsinnmg ALl e de carpE T RRER TN Hrasdanu

Esle cocerisndo b ksl com bise a0 bslagsa Moo n® Dasacks iCUSo " F? Alsas do cishos o subniliogio

e, ouikaer Sokasin pashivd v Jﬂﬂm‘mﬂ“ﬂkﬂmﬂwmﬂmwmmm

Pl e Ly bl

Cadigo die seericagho: IES81 50020041009

Fdgina 146
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Mgl o 30 Maio Ambisnee - MMA
Instiiite Chico Memdes di Conservacho do Bisdwarsidade - (OB
Sistemi o Aubor 2acho & Infomaiio am Biodiversidede - SISEI0

HHA

Autorizacao para atividades com finalidade cientifica

Mdrmrae SEELE-T I Chirlin di Ernsiiies: 153034 11:32:08 | i bt DELMLRFINIZS

D aeards com @ ark. 31 da Portaris ICW8io n® T4E200T, esli aslonisedis posssl vigings squivalanle o grovisls fo crom e s
e athididis S projelo @ validei da wm ans, devends s revaldeds anualmenln, sk da aprasenlecls do relabdng enual &

atividsdics, o praco g alib 30 S apics o ol varsinio e S0 embaes.

Dados da titular

Mo LEANDRG BUICON [ CoPF: S i - o

it gl Prope: Dhedi. bpo da amSanie, ik ancal & gl plloganieos comes modulaones da micioerk S s agealias
it £ Iieituigies: UMVERSIDADE FEDERAL D0 PRI GRANDE 7 PURE [ CHPu 94870 Sa8i000 - 10

Observagoes o ressalvas

1| b s sl S I (R i i ol il A L ) i O s, o R i o A S . Wil T i .

A il O R A B T S0 U i Al i O e Bl i i i e B A O ) e i
dribed ok O W AL A i Kok B A I T i L P, ekl i e B, O o A
S o i Bl il e e i RS 1) 0 L I, e, el o e b s, S A, A, W
o Pl 5 P Bl i WP iR o o e . el i e S s, v o il B e T . AL, | O e O

o i 0 g e, (IR L e i, W eIl

| e e e PN sl <0 e i ik R il ALl i bl i et e o e Wl O L LS AR, i i e L o ekl
i i i Ak Rl R S ok O et LR i A R O B il AR

B | Tk ool A i el O S el i Dl (B, ARG, B n ey B G AL & I e
o el e i b L WS B W BT v ey BT i D e T N e e B T |

A | AR R PRLLY oo 5 o i Bl " o G, oA, i i e 0 i ALl e e B P, o e i O B ey
el A e B i RO L Y T, B 0T i e i T, RO A BT, e o i i e DRI, R W

B | AR A PRLLY oo 5 o i Bl o O, oA, i i e 0 i ALl S R B P, o i i ) B ey
el A e B i RO L Y T, B 0T i e i T, RO A BT, e o i i e DRI, R W

B | R 2 e L s Lo R B L B 101 2RI e Rl i, A o L i A i Wl

iy i Rl e o e R e i v e o i Rl ol . Bl

T | i T £y e . s el o . i B O il Ty e ' i R B e O L W ! Ol
" R e, L AR, L A e L CT e B Ll el TR b A ST e O LR, o L i
AT e e e D i L A o RN (O I s i (e o | R (L e B KD, TR PR

B | Ak s PRELLY oo 5 o i Bl o O, o', i i gl 0 i AL S ol L i, T ol A, L R, B e, Do T
2 s 03 el el o e e e e (RAMO B el e B O T e M B il e i e B el
B - T W i Sl bl e v B el e i el A b
- o L

W | A b i e ekt el ol o S L Rl T PO T PR, e i L A L P e i R e G B,
e, i oI, 13 il Do T il A T (' 0 TR i L e IR B i L

18 | el B Dt o ol o i e A i e T el WA, i T A, O Ll i, B i A . i i

Tl e TR el B L 0 e e o, 7 B0, ol R o e L A i ol R e . il B S Ve B
i i e T AR T K i

17 [0 el B R o T i o LA e L B, Wl R o e il 1 e R M L [ e R [Ep————
i L BOA i R [ Ju il B ', . B i i Wl e, T L o

Rk i ey I ' LT WAl P s 0 2 e B S o o g L o B ol i i e s e

17 | o o O e A ML D SRR AL § e Nk R O I il Sl e e i i & B e T R A AT
e e ummmmmt-.&um A e

11 | Sk g LA it el it e D i RS O VI L S IR AL PO L e e e 1 e i i, § e

B Rl o S e OO T Dbt A

Eiby s ke popedihy com uise s Lmlagsa oomiva n® Podada DU A" TAUQIDD. Al o cilshns o suliveliigis
st ik Sk padhird wvinilicir § dstiniicelngl i Aulinalndl dith dEvumacs, e ek SN g b SRbaiCEE e e
b e e L.

Codigo de aaemicacho: eS8 8420041004 Paiging 20
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EErdsidro do Meio &mblerne - MRA
Iinsgiuie Chico Memdes di Corservacbo da Biodvarsl dade - ICEBin
" Sisiema e Auborracho ¢ Informacko em Blodiversidade - 515810

MM A

Autorizacao para atividades com finalidade cientifica

Fldrmiroe DEH1E-T I Duals di Emsiis: D308 11:02:02 Wil DAMNRTINIRS

D aeards cain & il 31 di Podtaris ICMES f° T4RR2022, esla slonitedles poissl viginda squivileile 4o predsls fo crono(iasa
i livididics S projelo @ vl da wm ans, devends ser rev il o menle, @i S apratmlegies do relaldng el &

alividades, no praso e gl 510 o B © aniversino S sus emivaao.

Dadoe dao titular

Wiz LEAR DD BUSION II:F'F: A 10 S0
Titubs ekt Pixptin: Dl Topa o0 oo i, @ il o paviliey Pul | e B Covtes ol ulaeksiich ol ACIGBANED 0 ireds, puediei s
W d |ieati s LI RIVE RS IDADE FEDERAL O63 D GRANDE 7 FURD |I:IIIP'J: Q4 BT SHEI0001 - 10

Gukras ressalas

1| 0 P i e Bl . s Gl oL el T oL’ 0 LA e ) naT () e 1 ok o it [T
il o P il B S s T e e R o s G O i oL, (T
I, i, e

o ke i e e N P S O T T el (N |, ol e i . i,
el Mo I R, 4, T, Iyl o T, oL S i G WA e i B,
i " T IO, OB e e e, L R I e e oL W
S, ol B M e T T

T A o A, e B T e A T [ ol L O s T

[ FR LIPS S PR S L S Y

TR, it G Ll Al i i i, Tl e e e L el |
TN, iy G D i i i i il D0l

Tl e o Db e e bl o L el o e e Tl g LA, < b i o il
v

Bl Wl L D ekt el e el il A e i i O e e B S b ki FeaTe's

| e s i e, i e B i I i AL e R e, R B (s i I e el e L BN Ll M
B el el PO, B i ST A D T LU Rt I e i e LB

" o A T i T e e i e o O R WL Rl F il i 4 LTEET
il Pyl T 0 Y e T e s i I
s i s S ol i ol T e i, el S, 8 G i i il A
[RETE

s il ' - ol D o . e o ol 8l e P il
e I S E AT Y

"8 Al el ol s TR 3 T | O A 0 R et R 0 Ll o it
SRR T B LS T B N il el o S L [ 0 - L O

Locais onde as atividades de campo serdo exeoutadas

# | Derseracio do locsl Musicipis- UF Hicma Cawimna? Tips
Fiinr R P eEs @ Eskgi0 RS Lo HS Parfp [XTF Fiora da LIC Fintatal
Ecaldgus da Tam

2 | Enlagia Ecoligpcn &0 1am Parmg Pl Uaniin de UL Fadiral

Esbd ahinaridii b popddd fov Dvihd S0 Valagad S n® Madich DR q° PRARIET. Alsvi O Gldoe o sulaliagid

sbited, ko Sk pxidird winiloar & dclirdicedin oy diublincnds disk doruteetis, por ek S g b SRbeatTIADED Gl Milaied

i s e v bl

Codigo die sanemiicagho: 05381 50020241.3204 Paging 306
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WSndsbErio do Maeio Ambienne - MAA
linstiivie Chico Mendes de Comservagbo da Bicdiversidade - ICEBio

Im. Sisiema de Auvtonzacho ¢ informacks em Blodiversidade - SISBIO
HHA

Autorizagao para atividades com finalidade cientifica

T | Dl dla Epniscsies: L3024 11: 1203 | Wl DAMLATHIZE

D crds o3 & aik. 31 da Portasie ICMEie ° THRZ02D, adls idonitesls poissl viginda equivalinin ao previals fo erono griasa
i lividiades g projele @ vl et da um ans, devends ser revalideda anoaimenls, abevis S apresenlagies do relsbdng snual g
abividaedics, no praco o alb 30 Sec apdes © v sinio g S0 amk s

Dados dio titular
Woea: LEANDRD BUGOH . F = T e enm s
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Material Suplementar

CAPITULO 1

Supplementary Table 1. Composition of microalgae species dispersed by cattle and found in wetlands (environment) of southern Brazil. MFG = Morpho-functional group.

Species Author MFG  Division Family Environment Cattle
Anabaena sp Bory ex Bornet & Flahault, 1886, nom. contras. FA Cyanobacteria Nostocaceae 1 0
Aulacoseira ambigua (Grunow) Simonsen 1979 FA Heterokontophyta Aulacoseiraceae 0 1
Aulacoseira granulata (Ehrenberg) Simonsen 1979 FA Heterokontophyta Aulacoseiraceae 1 1
Aulacoseira islandica (O.Miiller) Simonsen 1979 FA Heterokontophyta Aulacoseiraceae 1 1
Aulacoseira itdlica (Ehrenberg) Simonsen 1979 FA Heterokontophyta Aulacoseiraceae 1 1
Desmidium swartzii C.Agardh ex Ralfs 1848 FA Streptophyta Desmidiaceae 1 0
Diadesmis confervaceae Kiitzing 1844 FA Heterokontophyta Bacillariaceae 1 1
Dolichospermum sp (Bornet & Flahault) P.Wacklin, L.Hoffmann & Komarek, 2009 FA Cyanobacteria Zygnemataceae 1 0
Melosira varians C.Agardh 1827 FA Heterokontophyta Aulacoseiraceae 1 0
Mougeotia cf. C.Agardh, 1824, nom. contras. FA Streptophyta Zygnemataceae 0 1
Nostoc sp. Vaucher ex Bornet & Flahault, 1886 FA Cyanobacteria Nostocaceae 1 0
Oedogonium sp. Link ex Hirn, 1900 FA Chlorophyta Oedogoniaceae 1 1
Onychonema filiforme (Ralfs) J.Roy & Bisset 1886 FA Heterokontophyta Desmidiaceae 1 1
Onychonema laeve Nordstedt 1870 FA Heterokontophyta Desmidiaceae 1 0
Oscillatoria cf. limosa C.Agardh ex Gomont 1892 FA Heterokontophyta Oscillatoriaceae 1 1
Pseudanabaena catenata Lauterborn 1915 FA Cyanobacteria Pseudanabaenaceae 1 0
Scchizomeris cf. sp. Kiitzing, 1843 FA Chlorophyta Schizomeridaceae 1 1
Spirogyra sp. Link, 1820, nom. contras. FA Streptophyta Desmidiaceae 1 0
Spondylosium panduriforme (Heimerl) Teiling 1957 FA Streptophyta Desmidiaceae 1 0
Spondylosium tetragonum West & GSWest 1892 FA Streptophyta Desmidiaceae 1 0
Uronema sp. Lagerheim, 1887 FA Chlorophyta Uronemataceae | 0
Ankistrodesmus densus Korshikov 1953 CMA  Chlorophyta Selenastraceae 1 1
Aphanocapsa sp Négeli, 1849 CMA  Cyanobacteria Chroococcaceae 0 1
Species Author MFG  Division Family Environment Cattle
Chroococcus turgidus Nageli, 1849 CMA  Cyanobacteria Chroococcaceae 0 1
Coelastrum astroideum De Notaris 1867 CMA  Chlorophyta Scenedesmaceae 1 0
Dictyosphaerium granulatum Hindak 1977 CMA  Chlorophyta Scenedesmaceae 1 0
Dimorphococcus lunatus A.Braun 1855 CMA  Chlorophyta Scenedesmaceae 1 0
Eudorina elegans Ehrenberg 1832 CMA  Chlorophyta Volvocaceae 1 0
Microcrocis sp. P.G.Richter, 1892 CMA  Cyanobacteria Geminocystaceae 1 0
QOocystis cf. eliptica West 1892 CMA  Chlorophyta Oocystaceae 0 1
QOocystis naegelli A.Braun 1855 CMA  Chlorophyta Oocystaceae 1 1
Pandorina morum (O.F.Miiller) Bory 1826 CMA  Chlorophyta Volvocaceae 1 0
Pediastrum duplex Meyen 1829 CMA  Chlorophyta Hydrodictyaceae 1 0
Pleurocapsa sp Thuret, 1885 CMA  Cyanobacteria Pleurocapsaceae 1 0
Scenedesmus ecornis (Ehrenberg) Chodat 1926 CMA  Chlorophyta Scenedesmaceae 1 0
Selenastrum bibraianum Reinsch 1866 CMA  Chlorophyta Selenastraceae 1 1
Volvox aureus Ehrenberg 1832 CMA  Chlorophyta Volvocaceae 1 0
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Cymbella cistula (Ehrenberg) O.Kirchner 1878 PD Heterokontophyta Cymbellaceae 0 1
Encyonema silesiaca (Bleisch) D.G.Mann 1990 PD Heterokontophyta Cymbellaceae 1 1
Fragillaria cf. capucina Ehrenberg, 1837 PD Heterokontophyta Eunotiaceae 1 0
Fallacia cf. hudsonis (Grunow ex Cleve) Stickle & D.G.Mann 1990 PD Heterokontophyta Cymbellaceae 0 1
Fallacia cf. pygmea (Kiitzing) Stickle & D.G.Mann 1990 PD Heterokontophyta Cymbellaceae 0 1
Fragillariforma sp D.M.Williams & Round, 1988 PD Heterokontophyta Fragillariaceae 0 1
Gomphonema parvulum (Kiitzing) Kiitzing 1849 PD Heterokontophyta Gomphonemataceae 1 0
Gyrosigma acuminatum (Kiitzing) Rabenhorst 1853 PD Heterokontophyta Gyrosigmaceae 1 1
Hantzschia cf- amphioxys (Ehrenberg) Grunow 1880 PD Heterokontophyta Bacillariaceae 0 1
Navicula cf. rostellata Kiitzing 1844 PD Heterokontophyta Naviculaceae 1 1
Navicula decusis @strup 1910 PD Heterokontophyta Naviculaceae 1 1
Navicula rhynchocephala Kiitzing 1844 PD Heterokontophyta Naviculaceae 1 0
Navicula sp Bory, 1822 PD Heterokontophyta Naviculaceae 0 1
Species Author MFG  Division Family Environment Cattle
Neidium productum (W.Smith) Cleve 1894 PD Heterokontophyta Desmidiaceae 1 1
Nitzscha cf. heufleriana Grunow 1862 PD Heterokontophyta Bacillariaceae 1 1
Nitzscha cf. umbonata (Ehrenberg) Lange-Bertalot 1978 PD Heterokontophyta Bacillariaceae 0 1
Nitzscha cf. vermicularis (Kiitzing) Hantzsch 1860 PD Heterokontophyta Bacillariaceae 0 1
Nitzscha reversa W.Smith 1853 PD Heterokontophyta Bacillariaceae 1 1
Nitzscha subacicularis Hustedt 1938 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia filiformis (W.Smith) Van Heurck 1896 PD Heterokontophyta Bacillariaceae 1 1
Nitzschia cf. brachygramma D.G.Mann & Trobajo 2014 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia clausi Hantzsch 1860 PD Heterokontophyta Bacillariaceae | 1
Nitzschia dissipata var. media (Hantzsch) Grunow 1881 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia graciliformis Lange-Bertalot & Simonsen 1978 PD Heterokontophyta Bacillariaceae 1 0
Nitzschia gracilis Hantzsch 1860 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia haloserbica Vidakovic, Ector, C.E.Wetzel & Krismanic 2022 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia palea (Kiitzing) W.Smith 1856 PD Heterokontophyta Bacillariaceae 1 1
Nitzschia recta Lange-Bertalot & Simonsen 1978 PD Heterokontophyta Bacillariaceae 1 0
Nitzschia scapeliformis Grunow 1880 PD Heterokontophyta Bacillariaceae 0 1
Nitzschia sigmoidea (Nitzsch) W.Smith 1853 PD Heterokontophyta Bacillariaceae 1 0
Pinnularia gibba (Ehrenberg) Ehrenberg 1843 PD Heterokontophyta Bacillariaceae 1 1
Pinnularia mesolepta (Ehrenberg) W.Smith 1853 PD Heterokontophyta Bacillariaceae 1 0
Pinnularia microstauron (Ehrenberg) Cleve 1891 PD Heterokontophyta Bacillariaceae 1 1
Pinnularia sudetica (Ehrenberg) Ehrenberg 1843 PD Heterokontophyta Bacillariaceae 0 1
Pinnularia viridis (Nitzsch) Ehrenberg 1843 PD Heterokontophyta Bacillariaceae 1 1
Pinularia nobilis (Ehrenberg) Ehrenberg 1843 PD Heterokontophyta Bacillariaceae 1 0
Sellaphora pupula (Kiitzing) Mereschkovsky 1902 PD Heterokontophyta Cocconeidaceae 1 1
Stauroneis anceps Ehrenberg 1843 PD Heterokontophyta Stauroneidaceae 1 1
Stenopterobia sigmatella (W.Gregory) R.Ross 1986 PD Heterokontophyta Bacillariaceae 0 1
Surirella caproni Brébisson & Kitton 1869 PD Heterokontophyta Surirellaceae 1 1
Species Author MFG  Division Family Environment Cattle
Surirella linearis W.Smith 1853 PD Heterokontophyta Surirellaceae 1 1
Tryblionella acuminata W.Smith 1853 PD Heterokontophyta Tryblionellaceae 1 1
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Tryblionella sp W.Smith, 1853 PD Heterokontophyta Tryblionellaceae 1 1
Cryptoglena skujae Marin & Melkonian 2003 UMF  Euglenophyta Euglenaceae 1 0
Euglena deses (O.F.Miiller) Ehrenberg 1834 UMF  Euglenophyta Euglenaceae 0 1
Euglena ehrenbergii (O.F Miiller) Ehrenberg 1834 UMF  Euglenophyta Euglenaceae 1 1
Euglena sanguinea Ehrenberg 1832 UMF  Euglenophyta Euglenaceae 1 1
Euglena texta (Dujardin) Hiibner 1886 UMF  Euglenophyta Euglenaceae 0 1
Euglena cf incurva Matvienko 1938 UMF  Euglenophyta Euglenaceae 1 0
Euglena viridis (O.F Miiller) Ehrenberg 1830 UMF  Euglenophyta Euglenaceae 1 1
Euglenaria anabaena (Mainx) Karnkowska-Ishikawa & E.W.Linton 2010 UMF  Euglenophyta Euglenaceae 1 1
Euglenaria caudata (E.F.W.Hiibner) Karkowska-Ishikawa & E.W.Linton 2010 UMF  Euglenophyta Euglenaceae 0 1
Euglenaria clavata (Skuja) Karnkowska & E.W.Linton 2010 UMF  Euglenophyta Euglenaceae 1 1
Lepocinclis acus (O.F Miiller) B.Marin & Melkonian 2003 UMF  Euglenophyta Phacaceae 1 1
Lepocinclis fusca (G.A Klebs) Kosmala & Zakry$ 2005 UMF  Euglenophyta Phacaceae 1 0
Lepocinclis fusiformis (H.J.Carter) Lemmermann 1901 UMF  Euglenophyta Phacaceae 1 0
Lepocinclis oxiurys (Schmarda) B.Marin & Melkonian 2003 UMF  Euglenophyta Phacaceae 1 1
Lepocinclis pseudospiroides (Svirenko) Zakry$ & Chaber 2022 UMF  Euglenophyta Phacaceae 1 0
Lepocinclis tripteris (Dujardin) B.Marin & M.Melkonian 2003 UMF  Euglenophyta Phacaceae 0 1
Monomorphina pyrum (Ehrenberg) Mereschkowsky 1877 UMF  Euglenophyta Euglenaceae 1 0
Phacus sp. Dujardin, 1841, nom. et typ. cons. UMF  Euglenophyta Phacaceae 1 0
Phacus cf. onyx var. symmetricus Tell & Domitrovic UMF  Euglenophyta Phacaceae 1 1
Phacus cf. onyx Pochmann 1942 UMF  Euglenophyta Phacaceae 1 0
Phacus curvicauda Svirenko 1915 UMF  Euglenophyta Phacaceae | 1
Phacus gigas A.M.Cunha 1913 UMF  Euglenophyta Phacaceae 1 0
Phacus lismorensis Playfair 1921 UMF  Euglenophyta Phacaceae 0 1
Phacus longicauda (Ehrenberg) Dujardin 1841 UMF  Euglenophyta Phacaceae 1 0
Species Author MFG  Division Family Environment Cattle
Phacus orbicularis Hiibner 1886 UMF  Euglenophyta Phacaceae | 1
Phacus pleuronectes (O.F Miiller) Nitzsch ex Dujardin 1841 UMF  Euglenophyta Phacaceae 1 0
Phacus salinus (F.E.Fritsch) E.W.Linton & Karnkowska UMF  Euglenophyta Phacaceae | 1
Phacus suecius Lemmermann 1913 UMF  Euglenophyta Phacaceae 1 0
Phacus tortus (Lemmermann) Skvortsov 1928 UMF  Euglenophyta Phacaceae 1 1
Phacus undulatus (Skvortsov) Pochmann 1942 UMF  Euglenophyta Phacaceae 0 1
Strombomonas sp. Deflandre, 1930 UMF  Euglenophyta Euglenaceae 1 0
Strombomonas fluviatilis (Lemmermann) Deflandre 1930 UMF  Euglenophyta Euglenaceae 1 0
Trachelomonas armata (Ehrenberg) F.Stein 1878 UMF  Euglenophyta Euglenaceae 1 0
Trachelomonas cervicula A.Stokes 1890 UMF  Euglenophyta Euglenaceae 0 1
Trachelomonas cf. klebsii Deflandre 1926 UMF  Euglenophyta Euglenaceae 0 1
Trachelomonas cf. rotunda Svirenko 1914 UMF  Euglenophyta Euglenaceae 1 0
Trachelomonas hispida (Perty) F.Stein 1878 UMF  Euglenophyta Euglenaceae 1 0
Trachelomonas raciborskii Woloszyniska 1912 UMF  Euglenophyta Euglenaceae 1 0
Trachelomonas robusta Svirenko 1914 UMF  Euglenophyta Euglenaceae 0 1
Trachelomonas verrucosa A.Stokes 1887 UMF  Euglenophyta Euglenaceae 0 1
Trachelomonas volvocinopsis Svirenko 1914 UMF  Euglenophyta Euglenaceae 0 1
Closterium dianae Ehrenberg ex Ralfs 1848 uG Streptophyta Desmidiaceae 1 0
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Closterium ehrenbergii Meneghini ex Ralfs 1848 UG Streptophyta Desmidiaceae 1 0
Closterium cf. macilentum Brébisson 1856 UG Streptophyta Desmidiaceae 1 0
Closterium gracile Brébisson ex Ralfs 1848 UG Streptophyta Desmidiaceae 1 0
Closterium parvulum Nigeli 1849 UG Streptophyta Desmidiaceae 1 1
Closterium setaceum Ehrenberg ex Ralfs 1848 UG Streptophyta Desmidiaceae 1 1
Cosmarium impressulum Elfving 1881 UG Streptophyta Desmidiaceae 1 1
Cosmarium ochthodes Nordstedt 1875 UG Streptophyta Desmidiaceae 1 0
Cosmarium subtumidum Nordstedt 1878 UG Streptophyta Desmidiaceae 1 1
Euastrum cf. validum West & G.S.West 1896 UG Streptophyta Desmidiaceae 0 1
Species Author MFG  Division Family Environment Cattle
Euastrum elegans Ralfs 1848 UG Streptophyta Desmidiaceae 1 0
Euastrum evolutum (Nordstedt) West & G.S.West 1896 UG Streptophyta Desmidiaceae 1 1
Euastrum jhonsoni West & G.S.West 1898 UG Streptophyta Desmidiaceae 1 0
Pleurotaenium trabecula Nigeli 1849 UG Streptophyta Desmidiaceae 1 0
Staurastrum manfeldtii Delponte 1878 UG Streptophyta Desmidiaceae 1 0
Staurastrum paradoxum Meyen ex Ralfs 1848 UG Streptophyta Desmidiaceae 1 0
Staurastrum polymorphum Brébisson 1848 UG Streptophyta Desmidiaceae 1 0

Filamentous Algae (FA), Colonial and Mucilaginous Colonial Algaec (CMA), Pennate Diatoms (PD), Unicellular Mixotrophic Flagellates (UMF), and Unicellular Green Algae (UG).

CAPITULO 2

Supplementary Table S1. Microalgae taxa classified by Functional Group, Division, and Family. The table indicates each taxon's occurrence in the wetland (1 = present, O = absent) and its abundance (number of viable individuals) found on the toes, feathers, and feces of Chauna torquata.

Taxa Funcional group Division Family Wetland Toes Feather Feces

Cist Cist - - 0 0 0 3
Ankistrodesmus sp. Corda, 1838 CMA Chlorophyta Selenastraceae 0 1 0 0
Aphanocapsa sp. Nageli, 1849 CMA Cyanobacteria Chroococcaceae 1 0 0 5
Chroococcus turgidus (Kutzing) Nageli 1849 CMA Cyanobacteria Chroococcaceae 1 1 0 1

Coelastrum indicum W.B.Turner 1892 CMA Chlorophyta Scenedesmaceae 1 0 0 0
Coleochaete sp. Brébisson, 1844, nom. cons. CMA Streptophyta Coleochaetaceae 0 0 0 1

Desmodesmus comunnis (E.Hegewald) E.Hegewald 2000 CMA Chlorophyta Scenedesmaceae 1 3 0 0
Dictyosphaerium sp. Nageli, 1849 CMA Chlorophyta Scenedesmaceae 1 0 0 0
Eudorina elegans Ehrenberg 1832 CMA Chlorophyta Volvocaceae 1 0 0 0
Eutetramorus sp. Walton, 1918 CMA Chlorophyta Radiococcaceae 0 0 1 1

Gloeobotrys bichlorus Ettl 1968 CMA Chlorophyta Botryococcaceae 1 0 0 0
Gomphosphaeria sp. Kutzing, 1836 CMA Cyanobacteria Microcystaceae 0 0 0 2
Gonium pectorale O.F.Mller 1773 CMA Chlorophyta Volvocaceae 1 0 0 0
Merismopedia glauca (Ehrenberg) Katzing 1845 CMA Cyanobacteria Merismopediaceae 1 0 0 0
Microcrocis pulchella (Buell) Geitler 1942 CMA Cyanobacteria Geminocystaceae 1 0 0 1

Pandorina morum (O.F.Muller) Bory 1826 CMA Chlorophyta Volvocaceae 1 2 0 0
Pediastrum duplex Meyen 1829 CMA Chlorophyta Hydrodictyaceae 1 1 0 0
Pleurocapsa sp. Thuret, 1885 CMA Cyanobacteria Pleurocapsaceae 1 1 1 95
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Pseudopediastrum boryanum
Radiococcus planktonicus
Scenedesmus acuminatus
Scenedesmus bijugatus
Scenedesmus ecornis
Scenedesmus ellipticus
Stauridium tetras
Synechocystis sp.
Thorakochloris sp.
Verrucodesmus sp.
Westella botryoides
Woronichinia fremyi
Yamagishiella unicocca
Anabaena sp.

Aulacoseira granulata
Aulacoseira italica

Cladophora sp.

Diadesmis confervacea
Geitlerinema sp.
Gomphonema augur
Gomphonema duplipunctatum

Gonatozygon monotaenium

Gonatozygon pilosum
Hyalotheca sp.
Leptolyngbia sp.
Melosira sp.
Microspora sp.
Mougeotia sp.
Oedogonium sp.
Onychonema sp.
Oscilatoria sp.
Oscillatoria princeps
Pseudanabaena sp.
Rhizoclonium sp.
Sirogonium sp.
Sphaerozosma aubertianum
Sphaerozosma laeve
Spirogyra sp.
Spondylosium planum
Tribonema sp.

(Turpin) E.Hegewald 2005
JW.G.Lund 1956

(Lagerheim) Chodat 1902

Kdtzing, nom. illeg. 1834
(Ehrenberg) Chodat 1926

Corda 1835

(Ehrenberg) E.Hegewald 2005
Sauvageau, 1892

Pascher, 1932

Hegewald, 2013

(West) De Wildeman 1897
(Komarek) Komarek & Hindak 1988
(W.R.Rayburn & R.C.Starr)

Bory ex Bornet & Flahault, 1886, nom. cons.
(Ehrenberg) Simonsen 1979
(Ehrenberg) Simonsen 1979

Kutzing, 1843, nom. cons

Kitzing 1844

(Anagnostidis & Komarek) Anagnostidis, 1989
Ehrenberg 1841

Lange-Bertalot & E.Reichardt 1996

De Bary 1856

Wolle 1882
Ehrenberg ex Ralfs, 1848

Anagnostidis & Komarek, 1988, nom. et typ. cons.

C.Agardh, 1824, nom. cons
Thuret, 1850, nom. cons.
De Bary, 1858, nom. illeg.
Link ex Hirn, 1900
G.C.Wallich, 1860

Engler, 1892, nom. inval.
Vaucher ex Gomont 1892
Lauterborn, 1915

Kutzing, 1843

Pascher, 1927

West 1889

Nordstedt 1870

Link, 1820, nom. cons.
(Wolle) West & G.S.West 1912
Derbés & Solier, 1851

CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
CMA
FA
FA
FA

FA

FA

FA

FA

FA

FA

FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA

Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Chlorophyta
Cyanobacteria
Chlorophyta
Chlorophyta
Chlorophyta
Cyanobacteria
Chlorophyta
Cyanobacteria
Heterokontophyta
Heterokontophyta

Chlorophyta
Heterokontophyta
Cyanobacteria
Heterokontophyta
Bacillariophyta

Streptophyta

Streptophyta
Streptophyta
Cyanobacteria
Heterokontophyta
Chlorophyta
Streptophyta
Chlorophyta
Streptophyta
Cyanobacteria
Cyanobacteria
Cyanobacteria
Chlorophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Heterokontophyta

Hydrodictyaceae
Radiococcaceae
Scenedesmaceae
Scenedesmaceae
Scenedesmaceae
Scenedesmaceae
Scenedesmaceae
Synechocystaceae
Thorakochloridaceae
Scenedesmaceae
Oocystaceae
Microcystaceae
Volvocaceae
Nostocaceae
Aulacoseiraceae
Aulacoseiraceae

Cladophoraceae
Diadesmidaceae

Geitlerinemataceae

Gomphonemataceae

Gomphonemataceae

Gonatozygaceae

Gonatozygaceae
Desmidiaceae

Leptolyngbyaceae

Melosiraceae
Microsporaceae
Zygnemataceae
Oedogoniaceae
Desmidiaceae
Oscillatoriaceae
Oscillatoriaceae

Pseudanabaenaceae

Cladophoraceae
Zygnemataceae
Desmidiaceae
Desmidiaceae
Zygnemataceae
Desmidiaceae
Tribonemataceae
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Uronema sp.
Xanthonema sp.
Zygnema sp.
Zygnemopsis sp.
Craticula cuspidata
Cymbella cistula
Eunotia incisa

Eunotia lunaris

Eunotia sp.

Fallacia sp.

Gyrosigma acuminatum
Gyrosigma attenuatum
Hantzschia amphioxys
Navicula cryptocephala
Navicula rhynchocephala
Navicula sp.

Nitzschia acicularis
Nitzschia agnita
Nitzschia clausi
Nitzschia diversa
Nitzschia filiformis
Nitzschia filiformis

Nitzschia graciliformis
Nitzschia gracilis
Nitzschia heufleriana
Nitzschia intermedia
Nitzschia linearis

Nitzschia palea

Nitzschia recta
Nitzschia reversa
Nitzschia scalpelliformis
Nitzschia sigmoidea
Nitzschia subacicularis
Pinnularia gibba
Pinnularia sp.

Pinnularia sudetica
Prestauroneis protracta
Sellaphora pupula
Stenopterobia sigmatella
Surirella caproni

Lagerheim, 1887
Lagerheim, 1887

C.Agardh, 1817, nom. et typ. cons.
(Skuja) Transeau, 1934
(Kdatzing) D.G.Mann 1990
(Ehrenberg) O.Kirchner 1878
W.Smith ex W.Gregory 1854
(Ehrenberg) Grunow 1877
Ehrenberg, 1837

Stickle & D.G.Mann, 1990
(Kdatzing) Rabenhorst 1853
(Kdatzing) Rabenhorst 1853
(Ehrenberg) Grunow 1880
Kutzing 1844

Kutzing 1844

Bory, 1822

(Kdtzing) W.Smith 1853
Hustedt 1957

Hantzsch 1860

Hustedt 1959

(W.Smith) Van Heurck 1896
(W.Smith) Van Heurck 1896

Lange-Bertalot & Simonsen 1978
Hantzsch 1860

Grunow 1862

Hantzsch ex Cleve & Grunow 1880
W.Smith 1853

(Katzing) W.Smith 1856

Hantzsch 1862

W.Smith 1853

Grunow 1880

(Nitzsch) W.Smith 1853

Hustedt 1938

(Ehrenberg) Ehrenberg 1843
Ehrenberg, 1843, nom. et typ. cons.
Hilse 1861

(Grunow) Kulikovskiy & Glushchenko 2016

(Katzing) Mereschkovsky 1902
(W.Gregory) R.Ross 1986
Brébisson & Kitton 1869

FA
FA
FA
FA
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD

PD

PD

PD

PD

PD

PD

PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD

Chlorophyta
Ochrophyta
Streptophyta
Streptophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta

Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta

Heterokontophyta

Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta
Heterokontophyta

Chaetophoraceae
Tribonemataceae
Zygnemataceae
Zygnemataceae
Bacillariaceae
Cymbellaceae
Eunotiaceae
Eunotiaceae
Eunotiaceae
Naviculaceae
Pleurosigmataceae
Pleurosigmataceae
Bacillariaceae
Naviculaceae
Naviculaceae
Naviculaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae

Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae

Bacillariaceae

Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Bacillariaceae
Pinnulariaceae
Pinnulariaceae
Pinnulariaceae
Pinnulariaceae
Sellaphoraceae

Stenopterobiaceae

Surirellaceae
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Synedra sp.

Ulnaria ulna
Closteriopsis sp.
Closterium dianae
Closterium kuetzingii
Closterium parvulum
Closterium setaceum
Cosmarium hammeri
Cosmarium laeve
Cosmarium ochthodes
Cosmarium ornatum
Cosmarium polygonum
Cosmarium sp.
Cosmarium subcostatum
Cosmarium subtumidum
Cosmarium trilobatum
Cosmarium turpinii
Cosmarium venustum
Euastrum occidentale
Euastrum sp.
Monoraphidium sp.
Pleurotaenium trabecula
Raphidocelis subcapitata
Staurastrum dilatatum
Staurastrum disputatum
Staurastrum manfeldtii

Staurastrum quadrangulare

Staurodesmus dejectus

Staurodesmus lobatus

Staurodesmus pachyrhynchus

Staurodesmus triangularis
Ceratium hirundinella
Euglena deses

Euglena ehrenbergii

Ehrenberg, 1830

(Nitzsch) Compere 2001
Lemmermann, 1899
Ehrenberg ex Ralfs 1848
Brébisson 1856

Nageli 1849

Ehrenberg ex Ralfs 1848
Reinsch 1866

Rabenhorst 1868
Nordstedt 1875

Ralfs ex Ralfs 1848
(Nageli) W.Archer 1861
Corda ex Ralfs, 1848
Nordstedt 1876
Nordstedt 1878

Reinsch 1866

Brébisson 1856
(Brébisson) W.Archer 1861
West & G.S.West 1898
Ehrenberg ex Ralfs, 1848
Komarkova-Legnerova, 1969
Nageli 1849

(Korshikov) Nygaard, Komarek, J.Kristiansen & O.M.Skulber
Ehrenberg ex Ralfs 1848
West & G.S.West 1912
Delponte 1878

Brébisson 1848
(Brébisson) Teiling 1954

(Bargesen) Bourrelly 1966
(Nordstedt) Teiling 1967
(Lagerheim) Teiling 1948
(O.F.Muller) Dujardin 1841
(O.F.Muller) Ehrenberg 1834

G.A.Klebs 1883

PD
PD
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG
uG

uG

uG

uG

UMF

UMF

UMF

Heterokontophyta
Heterokontophyta

Chlorophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Chlorophyta
Streptophyta
Chlorophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta
Streptophyta

Streptophyta
Streptophyta
Streptophyta
Dinoflagellata
Euglenophyta

Euglenophyta

Ulnariaceae
Ulnariaceae
Chlorellaceae
Closteriaceae
Closteriaceae
Closteriaceae
Closteriaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Selenastraceae
Desmidiaceae
Selenastraceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae
Desmidiaceae

Desmidiaceae
Desmidiaceae
Desmidiaceae
Ceratiaceae
Euglenaceae

Euglenaceae
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Lepocinclis acus (O.F.Muller) B.Marin & Melkonian 2003
Monomorphina pyrum (Ehrenberg) Mereschkowsky 1877
Ehrenberg, 1830

Phacus pleuronectes (O.F.Muller) Nitzsch ex Dujardin 1841

Peridinium sp.

Trachelomonas hispida (Perty) F.Stein 1878

Trachelomonas Wotoszynska 1912
raciborskii

Trachelomonas robusta Svirenko 1914

Trachelomonas (Ehrenberg) Ehrenberg 1834

volvocina

UMF
UMF

UMF
UMF
UMF
UMF

UMF
UMF

Euglenophyta
Euglenophyta
Dinoflagellata
Euglenophyta
Euglenophyta
Euglenophyta

Euglenophyta
Euglenophyta

Euglenaceae
Euglenaceae
Peridiniaceae
Phacaceae

Euglenaceae

Euglenaceae

Euglenaceae

Euglenaceae
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