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Avaliacio dos efeitos da monocultura de palma de dendé na estrutura do
habitat e na diversidade de peixes de riachos amazonicos

RESUMO
O cultivo de palma de dendé na Amazbnia vem crescendo exponencialmente nos ultimos anos,
alterando as caracteristicas naturais da paisagem e constituindo uma possivel ameaca a
biodiversidade. As alteracdes provocadas se estendem aos ecossistemas aquaticos, que por serem
altamente relacionados com a vegetacdo adjacente, também sofrem os impactos decorrentes dessa
pratica agricola, como altera¢Ges na estrutura do habitat fisico, afetando a distribui¢do das espécies
e 0S processos ecossisttmicos. Com isso, estudos que avaliam o impacto dessa monocultura na
Amazonia sdo fundamentais para subsidiar estratégias mais eficientes para a reducdo dos impactos
e a manutencdo da biodiversidade. Sendo assim, esta tese busca responder as seguintes perguntas:
1) Quais as diferencas entre riachos que drenam plantagdes de palma de dendé e fragmentos
florestais quanto as estruturas do hébitat e das assembleias de peixes? 2) Quais os efeitos da
substituicdo da floresta na paisagem por palma de dendé na estrutura fisica do habitat, bem como na
diversidade taxonémica de peixes de riachos neotropicais? 3) Como os padrbes de diversidade,
taxondmica e funcional, das assembleias de peixes de riachos amazonicos respondem as alteracdes
ambientais, do habitat fisico e da paisagem, provocadas pela monocultura de palma de dendé? Para
responder a essas questdes foram amostrados e analisados 39 riachos na Amazdnia Oriental. Para a
caracterizacdo do habitat fisico de riachos foi aplicado um extenso protocolo da avaliacdo, gerando
238 variaveis ambientais do habitat, além da utilizacdo de caracteristicas da paisagem baseadas na
porcentagem de usos de solo adjacente aos riachos. Para a coleta dos peixes utilizou-se rede de méo
pelo periodo de seis horas em cada riacho. Foram tomadas medidas morfoldgicas e informacdes
ecologicas das espécies coletadas para posterior céalculo dos atributos funcionais referentes ao
terceiro capitulo. Com os resultados obtidos, verificou-se que as monoculturas de palma de dendé
afetam a estrutura do habitat fisico de riachos, modificando principalmente a morfologia do canal, a
estrutura do substrato e a oferta de micro-habitat, como presenga de madeiras e raizes.
Consequentemente, a distribuicdo das espécies de peixes foi afetada, resultando em mudancas na
estrutura das assembleias de peixes. Por outro lado, ndo foram registradas alteracdes na estrutura
funcional dessas assembleias. Em resumo, estes resultados auxiliam a idenficar alguns problemas
ocasionados pela expansdo da palma de dendé na Amazonia, gerando conhecimento necessario para
uma produgdo mais sustentavel, minimizando os impactos ambientais e, consequentemente,

protegendo a biodiversidade.

Palavras-chave: Impacto humano, ictiofauna neotropical, Elaeis guineensis, estrutura funcional.
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Evaluation the effects of oil palm plantation on the habitat structure and fish
diversity in amazonian streams

ABSTRACT
In the Amazon, oil palm plantation has been growing exponentially in recent years, altering the
landscape natural characteristics and being a possible threat to biodiversity. This environmental
impact extends to aquatic ecosystems, which because they are highly related to the adjacent
vegetation, also suffer the impacts resulting from this agricultural action, such as habitat structure
alterations, affecting the species distribution and ecosystem processes. Thus, studies to test the
impact of this monoculture in the Amazon are important to support more efficient strategies for
reducing impacts and maintaining biodiversity. Therefore, this thesis aims to answer the following
questions: 1) How the presence of oil palm cultivation around the streams affect their habitat
structure and fish assemblage structure in relation to streams that drain through forested areas present
along of this anthropogenic landscape? Il) What are the effects of the substitution on landscape of
primary forest on the oil palm in the habitat physical structure and on the taxonomic diversity of
neotropical stream fish? 111) How do the patterns of taxonomic and functional diversity of Amazon
stream fish assemblages responds to the habitat and landscape changes caused by oil palm
plantation? To answer these questions, we sampled and analyzed 39 streams in the Eastern Amazon.
For the habitat characterization, an extensive protocol of the evaluation was applied, resulting in 238
habitat variables, besides that, was used landscape characteristics based on the percentage of land
uses adjacent to the streams. For fish collection was used hand net for six hours in each stream.
Morphological measures and ecological information of fish species were taken for later calculation
of the functional attributes related to the third chapter. The results showed that oil palm plantation
affect the stream habitat structure, modifying mainly the channel morphology, the substrate structure
and shelter availability, such as woods and roots, for fish assemblage. Consequently, the fish species
distribution was affected, resulting in changes in the assemblage structure. On the other hand, no
changes were registered in the functional structure of these assemblies. Finally, we showed that the
oil palm plantation modifies the stream habitat natural characteristics, as well as the distribution of

the species, however the functional structure of the fish assemblages is maintained.

Key-words: Human impact, neotropical ichthyofauna, Elaeis guineensis, functional structure.
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INTRODUCAO GERAL

A Amazonia ¢ a maior floresta tropical do mundo, abrangendo mais de 5 milhdes de km?
(Sioli 1984), constituindo um complexo mosaico de habitat que abriga uma das maiores
biodiversidades de que se tem conhecimento (Junk et al. 2007; Hoorn and Wesselingh 2010). Entre
esses diferentes habitat, os ambientes aquaticos destacam-se por apresentarem grande importancia
ecoldgica para o ecossistema, além da alta diversidade biologica associada (Junk 1993; Naiman and
Décamps 1997).

Os ambientes hidricos ocupam aproximadamente 800.000 km?, cerca de 15% do territorio
amazonico (Melack and Hess 2010), concentrando mais de 20% da agua doce do planeta (ANA
2015). Esta extensa rede hidrica apresenta diferentes caracteristicas, que permitem classificar os
ambientes aquaticos quanto a geomorfologia, caracteristicas fisico-quimicas, tipo de dgua, pulso de
inundacao, entre outros (Castello et al. 2013).

Entre os diferentes tipos de ambientes aquaticos (e.g. rios, lagos, igapds, dentre outros), os
pequenos riachos (conhecidos na Amazonia como igarapés) apresentam caracteristicas peculiares,
como grande diversidade bioldgica (Harding et al. 1998; Meyer et al. 2007) e grande intera¢cdo com
o ecossistema terrestre (Hynes 1975; Pusey and Arthington 2003). Esta relagdo com a vegetagdo
riparia ¢ determinante na manutengdo das caracteristicas naturais dos riachos, pois a mata ciliar
promove o sombreamento dos corpos d’agua e estruturacao das margens, além do aporte de matéria
organica, formando micro-habitat para muitos organismos e constituindo-se como a principal fonte
energética da cadeia trofica (Naiman et al. 2005; Teels et al. 2006). Sendo assim, os impactos
sofridos pelos ambientes terrestres normalmente se estendem aos corpos d’agua, afetando a estrutura
do habitat fisico, bem como as caracteristicas fisico-quimicas da dgua (Fausch et al. 2010; Souza et
al. 2013).

Mesmo com toda a extensdo geografica das redes de drenagem e importincia ecoldgica, os
pequenos riachos sdo constantemente ameacados por agdes antropicas (Palmer and Richardson
2009), o que reforca a importancia de estudos que fornegam informagdes sobre suas caracteristicas
naturais € como respondem aos impactos antropogénicos (Allan 2004). Boa parte da floresta
amazodnica vem sofrendo com impactos humanos desordenados, decorrentes de diferentes praticas
de uso do solo, como extragdo madeireira, atividades agropecudrias e urbanizagao (Fearnside 2005),
que juntos, sdo responsaveis por um aumento de mais de 50% no desmatamento da Amazdnia nos
ultimos 20 anos (Almeida and Vieira 2013). Essas alteragdes causam a supressdo da vegetacao
nativa, compactacdo do solo, assoreamento de rios, alteracdes na qualidade das aguas e,
consequentemente, perda da diversidade bioldgica (Allan et al. 2012; Mantyka-Pringle et al. 2014).

Dentre as atividades antropicas que ocorrem na Amazonia, a monocultura de palma de dendé

(Elaeis guineensis Jacq.) € a atividade que mais cresce na regido, registrando um aumento de mais
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120.000 hectares destinados a producao deste vegetal nos ultimos 30 anos (FAO 2015). Esse
aumento na produ¢do coloca o Brasil em décimo lugar entre os maiores produtores de dendé no
mundo, em uma lista liderada por Malésia, Tailandia e Indonésia (Brown et al. 2005; FAO 2015). O
crescimento da producao de palma de dendé na Amazdnia € decorrente de diversos fatores, como as
favoraveis condi¢cdes ambientais e climaticas da regido, além de politicas publicas de incentivo a
producdo (Furlan-Junior 2006; Miiller et al. 2006).

Originaria do continente africano, a palma de dendé (Elaeis guineensis Jacq.) se expandiu
pelos tropicos ao longo dos anos, abrangendo principalmente o sudeste Asidtico e a América Latina
(Furlan-Junior 2006). No sudeste asiatico, mais especificamente na Malasia, os primeiros registros
de plantagdes de dendé datam de 1848, e a partir de entdo, a expansdao desta monocultura gerou
controvérsias, principalmente no que se refere ao desenvolvimento econdomico do pais e a
conservagdo dos ecossistemas naturais (Sheil et al. 2009).

Estudos revelam que o crescimento desordenado das plantagdes de dendé no sudeste asiatico
trouxe danos irreversiveis ao ecossistema local (Sheil et al. 2009), uma vez que vastas areas de
florestas nativas foram suprimidas, dando lugar a esta monocultura (Brook et al. 2003). Essas
alteracoes afetaram diretamente a biodiversidade (Turner and Foster 2009; Azhar et al. 2014; Giam
et al. 2015), ocasionando a reducdo na riqueza e abundancia de muitas espécies, gerando inclusive
extingao local. De acordo com Sodhi et al. (2004), no sudeste asiatico, as maiores taxas de extin¢ao
foram registradas para os peixes, mamiferos e borboletas.

Esses resultados evidenciam que a monocultura de palma de dendé afeta a heterogeneidade
ambiental, reduzindo a disponibilidade de micro-habitat e recursos, afetando diretamente a
ocorréncia e distribuigdo das espécies (Poff 1997; Luskin and Potts 2011). Dessa forma, um
ambiente homogeneizado, contém menor variabilidade ambiental para suportar espécies com
exigéncias de condigdes especificas (Poff and Ward 1990). Isso ocorre porque grande parte das
espécies exige ambientes complexos e integros para sua existéncia, devido a suas especificidades
ecoldgicas, morfologicas, funcionais e fisiologicas (Southwood 1977; Poff and Ward 1990). Por
outro lado, as alteracdes ambientais, em diferentes escalas espaciais, ndo se restringem aos
ambientes terrestres, ou seja, as modificagdes decorrentes da monocultura de palma de dendé
certamente se estendem aos pequenos riachos, afetando as caracteristicas fisicas, quimicas e
biologicas desses sistemas (O’Neill et al. 1989).

Na Amazonia, a introducao da palma de dendé ocorreu em 1942, por meio de sementes
provenientes da Bahia que foram introduzidas no Brasil através dos escravos vindos da Africa
(Miiller et al. 2006). Mas foi em 1968 que se iniciou a escala produtiva, quando no municipio de
Santa Barbara, no Estado do Para, foram plantadas as primeiras quadras de palma de dendé (Miiller

et al. 2006). A partir de entdao, com incentivos de politicas publicas, esta pratica agricola se expandiu,
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e em 1975 ja eram registradas mais 50 mil arvores de dendé na regido. Em 1980 foi construida a
primeira industria para producao de 6leo de dend€, o que desencadeou um aumento significativo na
producgdo. No ano de 1984 as lavouras de dendé ja ocupavam os municipios de Acard e Moju, no
Estado do Para, e em 1985 novas industrias entraram em pleno funcionamento, aumentando a
demanda de novas areas para plantio do dendé. No ano de 1997 novas areas foram plantadas no
municipio de Moju e uma industria de processamento foi instalada na capital do Estado, em Belém.
E assim se deu o crescimento da monocultura na Amazonia, sempre apoiado por incentivos publicos
e pela demanda comercial dos produtos derivados do dendé (Miiller et al. 2006).

Acompanhando o crescimento da produgdo agricola, as pesquisas voltadas para melhorar a
qualidade do produto e reduzir o tempo de produgdo foram fundamentais para estabelecer a
Amazonia como um grande polo de produgado de palma de dendé (Conduru 1957; Miiller and Alves
1997; Botelho et al. 1998). Por outro lado, pesquisadores voltaram suas atengdes para os impactos
ambientais que a monocultura de dendé poderia causar na Amazonia (Furlan-Junior and Miiller
2004; Becker 2010; Buttler 2011; Juen et al. 2016).

Desde entdo pesquisas dessa natureza passaram a ganhar espago e relevancia, principalmente
as que investigam impactos a biodiversidade (Cunha et al. 2015; Correa et al. 2015; Lees et al. 2015;
Shimano and Juen 2016; Ferreira et al. 2018). Esses estudos sdo fundamentais, pois, conhecer as
alteracOoes ambientais decorrentes desta pratica ¢ uma ferramenta indispensavel na elaboracao de
estratégias mais eficientes que podem auxiliar na mitigacdo dos impactos, bem como no
estabelecimento de areas prioritarias, tanto para conservagao quanto para a expansao do plantio
(Ramalho-Filho et al. 2010).

Sendo assim, a presente tese tem como objetivo responder as seguintes perguntas: 1) Quais
as diferencas entre riachos que drenam plantagdes de palma de dend€ e fragmentos florestais quanto
as estruturas do habitat fisico e das assembleias de peixes? II) Quais os efeitos da substituicao da
floresta, na paisagem, por palma de dendé na estrutura fisica do habitat, bem como na diversidade
taxondmica de peixes de riachos neotropicais? I1I) Como os padroes de diversidade, taxondmica e
funcional, das assembleias de peixes de riachos amazonicos respondem as alteracdes ambientais, do
habitat e da paisagem, provocadas pela monoculttua de palma de dendé?

Para melhor estruturacdo das respostas a estas perguntas, esta tese estd estruturada em trés
capitulos apresentados em formatos de artigos cientificos. O primeiro capitulo intitulado “Effects of
oil palm plantations on habitat structure and fish assemblages in Amazon streams”, tem como
objetivo avaliar como a presenca da monocultura de palma de dendé proéximo aos riachos afeta a
estrutura do habitat e a estrutura das assembleias de peixes, quando comparados com riachos que
drenam areas florestadas. Assumiu-se a hipotese que riachos que drenam areas de plantagao de dendé

possuem menor heterogeneidade ambiental, ocasionando alteragdes na composicao das assembleias



14

de peixes, diminuicdo na riqueza ¢ aumento na abundancia de espécies generalistas, quando
comparado com riachos que drenam areas florestadas. Este capitulo/artigo foi publicado na revista
cientifica Environmental Biology of Fishes em 06/02/2018 (doi 10.1007/s10641-018-0716-4). Neste
capitulo, foram utilizados apenas 17 riachos, onde os mesmos foram categorizados em riachos de
palma de dendé ou de floresta, nao sendo utilizados riachos circundados por areas de pasto e solo
exposto. Esta classificagdo foi feita com base na porcentagem de uso de solo predominante no
entorno dos riachos amostrados, onde foi considerado predominante aquelas fei¢des da paisagem
que apresentaram mais de 80% do total observado.

O segundo capitulo ¢ intitulado “Efeitos da palma de dendé na estrutura do habitat e
diversidade taxonomica de peixes de riachos da Amazonia Oriental” e tem como objetivo avaliar
como a substitui¢do da floresta por palma de dendé, na paisagem, afeta a estrutura do habitat e a
diversidade taxondmica de peixes de riachos tropicais. Neste capitulo assumimos como hipotese que
a substituicdo da floresta altera as caracteristicas naturais dos riachos e consequentemente a
distribuicdo das espécies de peixes; este capitulo serd submetido para a revista cientifica Aquatic
Sciences. Neste capitulo foram utilizados 39 riachos ndo categorizados, onde foram considerados as
caracteristicas da paisagem descritas posteriormente na secdo Material e métodos (Caracteristicas
da paisagem) do referido capitulo.

Por fim, o terceiro capitulo € intitulado “A influéncia da monocultura de palma de dendé€ na
estrutura funcional das assembleias de peixes de riachos” e tem como objetivo avaliar como as
alteracdes no habitat e na paisagem, provocadas pela palma de dendé, afetam os padrdes de
diversidade taxondmica e funcional das assembleias de peixes de riachos. Assumindo a hipdtese que
a substituicao de floresta por palma de dendé resulta em uma alteracdo ambiental nos riachos e
favorece um espectro menor de grupos funcionais, ou seja, alguns agrupamentos funcionais serao
afetados e até mesmo perdidos. Este artigo serd submetido para a revista cientifica Ecological
Indicators. Neste capitulo foram utilizados os mesmos 39 riachos ndo categorizados do capitulo
anterior, considerando as caracteristicas da paisagem descritas posteriormente na se¢ao Material e

métodos (Caracteristicas da paisagem) do referido capitulo.

MATERIAL E METODOS
Area de estudo
O estudo foi conduzido na Amazénia Oriental, mais especificamente no Centro de
Endemismo Belém (CEB), localizado na mesorregido do Nordeste do estado do Para (2°13°00”S /
2°43°00”S e 48°54°00”W / 48°28°00”W), onde est& concentrada a maior parte da producédo de palma
dendé na Amazonia (Reis-Neto 2010) (Figura 1).
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Figura 1. Mapa do Centro de Endemismo Belém (CEB), evidenciando o extenso mosaico de areas
preservadas e alteradas presente na regido. (Fonte: Barbosa, LC. Conservacdo Internacional do
Brasil — CI)

O CEB, com aproximadamente 243.000 kmz2, contempla 27 Unidades de Conservacdo e 14
areas de Terras Indigenas (Almeida and Vieira 2013), formando assim um extenso mosaico de areas
preservadas e alteradas, uma vez que 28% do territério do CEB é constituido de floresta ombroéfila
e 72% desse territorio foi convertido em diversos usos de solo, entre eles a agropecuaria com mais
de 79.000 km2 (32,4%) é a mais representativa, enquanto que a palma de dendé apresenta
aproximadamente 3.200 km?2 (1,3%) de area plantada (Almeida and Vieira 2013). Embora a area
ocupada pelo plantio de dendé seja pequena, se comparada a agropecuaria, esta cultura é a que mais
cresce na Amazonia, sendo registrado um aumento de mais de 100% nas areas plantadas desde 2012
(FAO 2015).

O clima no CEB ¢ tropical umido, do subtipo ‘Af’, segundo a classificacdo de Koéppen (Peel
et al. 2007). O periodo chuvoso se estende de dezembro a maio e o periodo de estiagem de junho a

3

novembro, com pluviosidade anual média de 2.344 mm?®, atingindo méaximas 427 mm> mensais em
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margo, e minimas de 54 mm?® em setembro (Albuquerque et al. 2012). A temperatura média na regidio
¢ de 26°C, com uma umidade relativa do ar atingindo 85% (Oliveira et al. 2002).

A rede hidrografica do CEB ¢ composta por importantes rios da regido, como o Tocantins,
Guama, Acara, Moju e Capim (Almeida and Vieira 2013). Além dos grandes rios, varios outros
corpos d’dgua menores constituem a complexa rede hidrografica da regido, como riachos de
primeira, segunda e terceira ordem, todos caracterizados como rios de &gua clara devido a baixa
quantidade de sedimento transportado e pelo substrato predominantemente arenoso (Junk 1993).

Em relacdo ao relevo, o CEB é composto por regides de planalto, depressdes e planicies e
tabuleiros litoraneos, de acordo com o mapeamento de Ross (1990). O solo da area é

predominantemente de latossolos amarelos aluminicos (EMBRAPA 2009).

Desenho amostral

No total, foram amostrados 39 riachos no CEB, especificamente na bacia do rio Acara
(Figura 2). As expedi¢des de campo ocorreram nos anos de 2012, 2013, 2015 e 2016, e foram
padronizadas quanto ao periodo hidrolégico, ocorrendo sempre no periodo de seca, que no CEB
corresponde aos meses de junho a novembro (Albuquerque et al. 2012). A escolha do periodo foi
necessaria para evitar possiveis alteracdes, resultante de variagcdes sazonais, tanto em aspectos
estruturais e funcionais da ictiofauna, como para permitir a padronizagdo do método de coleta e

caracterizacao ambiental dos riachos (Jaramillo-Villa and Caramaschi 2008).
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Figura 2. Localiza¢dao geografica dos riachos amostrados nos anos de 2012, 2013, 2015 ¢ 2016 na

Bacia do rio Acara, Amazodnia Oriental, Para, Brasil.
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Foram amostrados trechos de riachos de primeira e segunda ordem, segundo a classificacao
de Strahler (1957) (Figura 2), onde se considera riacho de primeira ordem os chamados riachos de
cabeceira ou nascente, ao passo que os de segunda ordem se originam da jun¢ao de dois riachos de
primeira ordem. Essa padronizagdo quanto ao tamanho dos riachos € necessaria, pois diversos
fatores ambientais podem influenciar na estrutura da comunidade em diferentes escalas espaciais

(Vannote et al. 1980; Tejerina-Garro et al. 2005).

Figura 2. Exemplos de riachos amostrados no Centro de Endemismo Belém (CEB) nos anos de

2012, 2013, 2015 e 2016. (Fonte: Acervo LABECO/UFPA)

Esses trechos de riachos amostrados mediram 150 metros percorridos, ou seja, considerando
as sinuosidades dos corpos d’agua, subdivididos em 10 segmentos de 15 m cada, totalizando 11
secoes transversais e 10 seg¢des longitudinais (segmentos). As secdes transversais foram nomeadas
de A a K, enquanto que as se¢des longitudinais foram nomeadas a partir da combinagao das se¢des

transversais limitantes (A-B, B-C, C-D, ... J-K).
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Figura 3. Ilustracao esquematica do desenho amostral aplicado em riachos da Amazodnia Oriental.
As letras de A a K indicam as segdes transversais, marcadas a cada 15m, e o espaco entre elas
corresponde as se¢des longitudinais. Os cddigos pl a p5 indicam as repeti¢des das medidas na segdo

transversal. (Fonte: Prudente, BS. LABECO/UFPA)

Caracteristicas do habitat

A caracterizagdo do habitat foi realizada com base no Protocolo de Avaliacdo e
Monitoramento Ambiental (US-EPA) proposto por Peck et al. (2006) e adaptado para regides
tropicais por Callisto et al. (2014) (Figura 3). Esse protocolo avalia diversos componentes da
estrutura do habitat, subdivididos em grupos de métricas, sendo estes: morfologia do canal,
substrato, unidade de canal (fluxo de &gua), estrutura da vegetacao riparia, presenca de madeiras
fora e dentro do leito, disponibilidade de abrigo e impacto humano.

Sendo que nas se¢Oes transversais foram tomadas as seguintes variaveis:

e Largura molhada (m): largura do canal, medida com o uso de fita métrica;

e Profundidade do canal (cm): medida graduado em cinco pontos equidistantes com o uso
de um cano graduado;

e Tipo de substrato e porcentagem de imersdo: tomado nos mesmos cinco pontos da
profundidade do canal. A classificacdo foi feita em categorias (ex: areia, silte, banco de
folhas, cascalho grosso) determinadas a partir do tamanho dos grdos de sedimento. A
porcentagem de imersdo do substrato por sedimento fino foi estimada visualmente;

e Cobertura de dossel: mensurada em seis pontos (direita, centro direita, centro montante,
centro jusante, centro esquerda e esquerda) com o uso de densidmetro;

e Abrigo para peixes: estimada visualmente de alguns componentes estruturais do riacho,
como banco de folhas, algas filamentosas e matacdes. Para essa estimativa foi considerado
0s 5 m anteriores e posteriores a transecgao, cobrindo uma extenséo de 10 m;

e Zonariparia: estimada visualmente da cobertura proporcionada pela zona riparia em ambas
as margens. Inclui desde arvores de grande porte até plantas rasteiras e solo nu. Essa
estimativa é feita considerando os 5 m anteriores e posteriores a transec¢do, e uma extensao
de 10 m a partir de cada margem, formando plots de 100 m?;

e Impacto humano: estimado visualmente do grau de impacto derivado de atividades
humanas, considerando uma area de 100m? em torno da sec¢do transversal em ambas as
margens do canal. Esta influéncia é estimada de forma qualitativa (presenca ou auséncia)
através da distancia de determinada influéncia em relagdo ao canal (ha margem, <10 m da

margem ou >10 m da margem). As categorias avaliadas foram: canalizacdo/ barramento,
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construcdes, estradas, rodovias/ ferrovias, canos (captacao/ descarga), entulho/ lixo, parque/

gramado e desmatamento.

Enquanto que nas sec¢Ges longitudinais foram tomadas as seguintes variaveis:

e Profundidade do talvegue (cm): medido com o uso de um cano graduado;

e Tipo de unidade do habitat do canal: determinada a partir do tipo principal de classe de
habitat do canal em uma linha transversal. A unidade do canal varia de fluxo suave até
cascata e queda d’agua, podendo haver formagao de varios tipos de piscinas OU remansos;

e Largura molhada: medidas no 1° e 8° pontos da secéo longitudinal;

e Tipo de substrato: classificado em cinco pontos transversais equidistantes no 8° ponto da
secdo longitudinal,

e Presenca de pedacgos grandes de madeira: contados tanto os que estdo imersos na dgua
guanto os que estdo suspensos sobre o canal. Os pedacos de madeira foram registrados a
partir de categorias de tamanho que incluem o volume ocupado pela madeira;

e Declividade do canal: determinada com o uso de uma mangueira e duas réguas;

e Vazdo da &gua: mensurada através do método do objeto flutuante, ou seja, é calculado
quanto tempo esse objeto percorre uma distancia de trés metros.

Essas variaveis foram combinadas para formar novas varidveis seguindo o descrito por
Kaufmann et al. (1999), totalizando 238 métricas do habitat.

Além dessas métricas do habitat, foram mensuradas ainda as propriedades fisico-quimicas
da agua, em trés pontos equidistantes do trecho amostrado no riacho (se¢des transversais A, F € K),
para posterior calculo da média. As variaveis fisico-quimicas amostradas foram: temperatura (°C),
pH, condutividade (uS cm™), turbidez (NTU) e oxigénio dissolvido (mg/L™).

Em cada capitulo desta tese foi detalhado quais varidveis ambientais (habitat e fisico-

quimicas) foram utilizadas, bem como os métodos de selecdo das mesmas.

Caracteristicas da paisagem

Para cada riacho amostrado, a cobertura vegetal e os usos de solo adjacentes a esses corpos
d’4gua foram quantificados através da delimitacao de areas de influéncia (buffers).

Primeiramente, foi delimitada a &rea da Amazodnia Oriental e a rede de drenagem dos igarapés
amostrados, com base nas coordenadas geograficas obtidas em campo, utilizando o software ArcGIS
10.1 (ESRI 2011). A rede de drenagem foi revisada por imagens dos satélites RapidEye (RapidEye
2015) e Indian Remote Sensing (IRS, INPE 2016) e por imagens do software Google Earth de 2016.
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Os anos das imagens obtidas foram os mesmos das amostragens dos igarapés, ou seja, 2012, 2013,
2015 e 2016.

As areas de influéncia (buffers) foram entdo delimitadas no entorno dos pontos amostrados
(igarapés) em um formato circular. Foram elaborados buffers de 300 metros, onde, posteriormente
as feicdes dos usos de solo foram classificadas, para subsequente identificagdo dentro dos buffers
gerados. A determinacdo desta area de 300 metros se deu de forma a abranger as caracteristicas da
paisagem que vao além da vegetacdo riparia, compreendo uma area que possa afetar diretamente as
condi¢des naturais dos riachos (Frimpong et al., 2005).

A identificacdo das fei¢des de uso de solo se deu em porcentagens, sempre proporcional ao
tamanho do buffer, permitindo assim identificar a ocupacdo de cada fei¢ao de uso de solo presente
em cada area de influéncia. As classes identificadas foram adaptadas do proposto por Molina et al.
(2017), a saber: Floresta: areas ocupadas por florestas nativas; Monocultura de palma de dendé:
areas ocupadas por palmeiras de dendé, em diferentes anos de plantio; Pastagem: areas cobertas por
gramineas e/ou ocupadas por pecudria intensiva e extensiva; ¢ Solo exposto: areas com solo

desprotegido, sem vegetacao ou outro uso.

Coleta de material bioldgico
Os peixes foram capturados por busca ativa utilizando redes de mao com 60cm de didmetro

e malha de 3 mm entre nés opostos (Figura 4).

Figura 4. Coleta de peixes, utilizando redes de mao, em igarapés da Amazonia Oriental, Brasil

(Foto: Acervo LABECO/UFPA).

A rede de mao ¢ um método de coleta ativa comumente utilizada na amostragem de peixes

de pequenos riachos tropicais, pois permite ao coletor alcancar diversos micro-habitat, como raizes
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submersas, margens escavadas, barrancos, bancos de folha, entre outros (Hayes 1983; Uieda and
Castro 1999).

A utiliza¢do de um unico método de amostragem ¢ justificada pelas caracteristicas naturais
dos riachos amazodnicos, que apresentam muitos fragmentos de madeira e matéria organica, além de
baixa condutividade, o que inviabiliza a utiliza¢ao de outros métodos, como a rede de arrasto ¢ a
pesca elétrica (Hayes 1983). Sendo assim, a rede de mao pode ser considerada um método eficaz na
amostragem de peixes, possibilitando a amostragem de individuos de diferentes tamanhos e héabitos
de vida (Ribeiro and Zuanon 2006).

O esforgo amostral foi padronizado em dois coletores, permanecendo 18 minutos em cada
secdo longitudinal, totalizando uma amostragem de seis horas por trecho de igarapé (150 metros).
Os espécimes coletados foram submetidos a doses letais do anestésico Eugenol (American
Veterinary Medical Association, 2001) e posteriormente fixados em formalina 10% por
aproximadamente 48 horas e em seguida conservados em etanol 70° GL.

Em laboratorio, os peixes foram triados e identificados com literatura especializada (e.g.
Géry 1977; Kullander 1986) e com o auxilio de especialistas dos diferentes grupos taxonomicos.
Posteriormente, o material bioldgico serd tombado na Colegdo Ictiologica do Museu Paraense
Emilio Goeldi (MCT/MPEG), Belém, Brasil.

Os métodos e andlises especificos de cada capitulo da tese estdo descritos posteriormente.
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Abstract

The aim of this research is to assess the effects of oil palm plantations on stream habitat and their
fish assemblage diversity. We hypothesize that streams which drain through oil palm plantations
tend to be less heterogeneous, limiting the occurrence of many species, than streams that drain
through forest fragments, which support higher fish diversity. A total of 17 streams were sampled,;
eight in forest fragments and nine in oil palm plantations. Environmental and biological variables
were sampled along 150 meters stretch in each stream. Of the 242 environmental variables
measured, ten were considered important to assess the condition of structural habitat, and out of
these variables, four were considered relevant in the distinction between streams in oil palm
plantations and forest fragments. A total of 7,245 fishes were collected, belonging to 63 species.
Unlike our original hypothesis, the species richness did not differ between forest fragment and oil
palm plantations streams, showing that it is not a good divert measure in streams disturbance
assessment. However, fish assemblages differed in species composition, and 56 species were
recorded in oil palm plantation streams, while 44 species were recorded in forest fragments streams.
Some species were identified as indicators of either altered (Aequidens tetramerus and
Apistogramma agassizii) or undisturbed areas (Helogenes marmoratus). Overall, oil palm
plantations were proven to change stream habitat structure and fish species distribution,
corroborating other studies that have evidenced changes in patterns of biological community
structure due to impacts by different land uses.

Keywords: Habitat condition; Land use; Agriculture; Elaeis guineensis; Neotropical ichthyofauna.
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Introduction

With a cultivated area of approximately 16.3 million hectares of oil palm (Elaeis guineensis
Jacq) in the world, this monoculture is one of the most rapidly growing agricultural land uses in the
tropical region (FAO 2013). The increasing demand for oil palm for production of foodstuff
derivatives, cosmetics, and biofuels is one of the main reasons for its expansion (Da Silva 2013).
Currently, South East Asia concentrates 60% of oil palm plantations worldwide; however, the high
cost of creating new plantation areas and the new restrictions adopted by environmental politics have
made it difficult to expand this activity in the region (Kongsager and Reenberg 2012). Therefore,
the Brazilian Amazon has been considered an area with high potential for oil palm expansion
(Persson and Azar 2010), with 140,000 hectares of already cultivated land, and another 190,000 with
soil conditions and ideal climate. Thus, approximately 330,000 hectares in the Brazilian Amazon
are expected to be used for oil palm plantation by 2020 (Ramalho-Filho et al. 2010).

Higher carbon stock rate and economic profitability compared to other cash crop activities
are amongst the main arguments in favor of oil palm expansion in the Amazon (Mdiller et al. 2006).
On the other hand, characteristics such as lower structural complexity, smaller canopy cover than in
forested areas, climatic instability, use of fertilizers and pesticides, the need for total replacement of
plantations, which takes from 25 to 30 years, and the impact of these changes in biodiversity
(Fitzherbert et al. 2008; Savilaakso et al. 2014; Luke et al. 2017) indicate that oil palm plantation
could be a new environmental threat to the Amazon (Butler and Laurance 2009). However, there are
still few studies on the effects of this activity on the Amazon biodiversity (Lees et al. 2015; Correa
et al. 2015, Almeida et al. 2016), and knowledge is even more limited regarding aquatic ecosystems
(Cunha et al. 2015; Shimano and Juen 2016).

Habitat homogenization deriving from the deployment of monoculture and from native
vegetation suppression has been considered an important threat to stream ecological integrity (Allan
2004). Changes in land use throughout catchment result in the loss of structure complexity, which
affects stream habitat structure (Poff and Ward 1990, Clapcott et al. 2012), both directly and
indirectly, due to margin erosion, silting, or to changes in the type of energy source in the system
(from allochthonous to autochthonous) (Karr 1981; Dayang-Norwana et al. 2011; Senior et al. 2013).

Therefore, understanding the mechanisms of habitat simplification and indicating which variables
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generate this condition is an effective way to measure environmental impacts. This approach can
effectively measure changes in channel morphology, hydrodynamics, shelter availability for living
organisms, adjacent vegetation density, substrate composition, among others, thus yielding a
complex and comprehensive analysis of waterbody features (Barbour et al. 1999; Kaufmann et al.
1999).

Changes in stream habitat structure may also result in environmental conditions changes,
which are considered important selective forces of the adaptive features of species in a given
environment (‘Habitat Templet Theory’ Southwood 1977, 1988). In a reduced time scale, such
changes might work as a possible environmental filters that affect species distribution, particularly
in habitat specialist species, resulting in changes in biological community structure (Scarsbrooks
and Townsend 1993). Among aquatic organisms, fishes have proven to be important indicators of
stream ecological integrity (Mendonca et al. 2005); they comprise individuals of different trophic
levels, occupy different micro-habitats, are resistant to different levels of anthropic changes, and
have relatively well known both life history and taxonomy compared to other aquatic organisms
(Fausch et al. 1990; Harris 1995; Scott, and Hall-Jr 1997).

In the Amazon River Basin, small first- and second-order streams according to Strahler's
scale (Strahler 1957) may account for greater than 80% of total channel length in meso-scale, and
the rapid expansion of cash crop in this area is one of the main threats to these systems (McClain
and Elsenbeer 2001). Despite of this close relationship between the streams ecological integrity and
the landscape use along the catchments, features such as the high dimension, structural complexity,
and high biological diversity of the Amazon Basin have hindered the understanding on how these
anthropogenic changes affect stream biodiversity. Consequently, these features also hinder the
development of management, monitoring and conservation strategy of these system.

Therefore, our study aimed to assess how the presence of oil palm cultivation around the
streams affect their habitat structure and fish assemblage structure in relation to streams that drain
through forested areas present along of this anthropogenic landscape. We hypothesize that streams
draining oil palm plantations have lower habitat heterogeneity leading to a fish assemblage
composition destabilization with lower richness and increase of more generalist species abundance

when compared to streams draining forest fragments.

Material and Methods
Study Area

We sampled wadable streams in the Acard and Moju Rivers basin, located in Northeastern
mesoregion of Pard state (2°13°00°°’S / 2°43°00°’S and 48°54°00°W / 48°28°00°W), in a

geographic unit denominated Belém Endemism Area (AEB) (Figure 1). This unit was proposed
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based in their biodiversity endemism and geographic peculiarities, and has being suggested as a
basic unit for development of conservation strategy for Amazon (Almeida and Vieira 2013). The
AEB has approximately 243,000 km?, contemplating 27 protected areas, 14 indigenous land areas
(Almeida and Vieira 2013) and concentrates the majority of oil palm production in the Amazon
(Mdller et al. 2006), thus comprising an extensive mosaic of both preserved and altered lands.

The vegetation in the study area is comprised by 28% of ombrophilous forest and 72%
converted into several land uses, among which one the most significant is oil palm plantation
(Almeida and Vieira 2013). The climate in the region is tropical humid, subtype “Af”, according to
Koppen's classification adapted by Peel et al. (2007), with a rainy season from December to May
and a dry season from June to November. Mean annual rainfall in the region is 2,344 mm?, reaching
a monthly maximum of 427 mm? in March, and a minimum of 54 mm? in September (Albuquerque
et al. 2012). Mean temperature in the region is 26°C and mean air humidity reaches up to 85%
(Oliveira et al. 2002).
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Fig. 1 Spatial distribution of the sampled streams in northeastern Para state, Brazil. Triangles
represent streams sampled in forested areas and circles represent streams sampled in oil palm

plantations.

Data sampling
We sampled 17 streams, eight of them within preserved forested area and nine in oil palm
plantations areas. Streams were selected according to the following criteria: a) river source inside

the treatment (oil palm or forest); b) areas used for planting at similar times, and; c) absence of other
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impacts, such as urbanization and short-cycle monocultures, not deriving from the activities within
the scope of this paper.

In each stream, we selected a 150 m stretch that was subdivided in ten 15 m long transects.
In each transect, we performed the characterization of the habitat and sampled fish specimens. All
streams were sampled during the dry season to minimize seasonal effects on habitat structure and
on fish assemblages. Habitat structure was assessed using the Field Operations Manual for Wadeable
Streams proposed by Peck et al. (2006) and adapted by Callisto et al. (2014), with data reduction
and metric calculation following Kaufmann et al. (1999). This methodology result in a set of
variables, which includes information on the channel morphology, substrate, hydraulic features,
flow currents types, channel declivity and sinuosity, canopy cover, riparian vegetation structure,
availability of refuges for fish and presence of human impact. Water physical-chemical
characteristics, such as pH, conductivity (uS cm™), turbidity (NTU), temperature (°C), and dissolved
oxygen (mg L), were measured at three equidistant points in the sampling stretch using a Horiba
U50 multiparameter. Detailed description about how environmental variables were measured can be
found in Juen et al. (2016). This field operation has been widely used in international (Kaufmann
and Hughes 2006; Bryce et al. 2010) and national studies (Macedo et al. 2014a; Cunha et al. 2015;
Prudente et al. 2016) involving stream ecosystems.

Fish assemblages were sampled using two hand nets with 55cm diameter (3mm mesh) during
three hours (18 min in each long transect). This method is considered as an efficient technique for
estimating fish assemblage structure in low order streams (Uieda and Castro 1999) and has been
frequently used to assess the fish assemblage in small amazon streams (Prudente et al. 2016). Fishes
were tagged separately by transect, preserved in 10% formalin for approximately 48h, transferred to
70% ethanol, and deposited in the ichthyological collection of Museu Paraense Emilio Goeldi
(MPEG) in Belém, Para (Brazil).

Data analyses

Each stream was considered an independent sample, totaling 17 samples in the analyses. The
environmental variables measured were submitted to a pre-selection process, and all variables with
zero value in more than 80% of the samples and with coefficients of variation lower than 10% were
initially excluded. Selected variables were assessed regarding their capacity to discriminate forested
areas from oil palm plantations by analyzing the overlap between interquartile ranges in the box-
and-whisker plots (Barbour et al. 1996). Variables with no overlap between quartiles or small
overlaps between quartiles and no overlaps between medians were considered sensitive. Variable
sensitivity was confirmed through a Student t-test for independent samples with a 5% significance

level. Lastly, a Spearman correlation test was used to evaluate the redundancy between selected
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environmental variables. In the case of redundant metrics (r> 0.75, p < 0.05), those pointed out in
literature as important in structuring stream fish assemblages were maintained (Fernandes et al.
2012; Macedo et al. 2014b; Giam et al. 2015; Prudente et al. 2016).

Environmental variables selected were standardized and submitted a principal component
analysis (PCA) based on a Euclidean distance matrix (Legendre and Legendre 1998) to check which
variables contributed the most to distinguish the stream habitat between forest fragments and oil
palm plantation streams. PCA axes were selected through the broken-stick criterion where a given
axis may be retained when their observed eigenvalues exceed the expected eigenvalues generated
by the broken-stick (Jackson 1993). Variables with loading values higher than 0.60 were maintained
for PCA axes interpretation.

Since the fish abundance in oil palm plantation streams was higher than in forested streams,
the species richness for each sample was assessed using an individual-based rarefaction method
considering the smaller abundance value recorded (n = 230) (Gotelli and Colwell 2001). The
richness value was tested between the treatments using a Student t-test for independent samples with
a 5% significance level. The hypothesis that fish assemblage composition is different between forest
fragments streams and oil palm plantation streams was assessed using the non-metric
multidimensional scaling method (NMDS), based on a distance matrix calculated from the Bray-
Curtis similarity index. Potential differences in this composition were tested using abundance log
values, which were submitted to a permutation multivariate analysis (PERMANOVA - Permutation
Multivariate Analyses of Variance). The PERMANOVA probability value was obtained through a
Monte Carlo randomization method, based on 9,999 randomizations (Anderson 2005; Anderson et
al. 2008).

We used a Threshold Indicator Taxa Analysis (TITAN) to detect change points in the fish
assemblages in response to an environmental gradient (Baker and King 2010, 2013). In this study,
the PCA axes selected by the broken-stick method represented the environmental gradient. This
analysis identifies individual taxon contribution and optimal values of predictor variable based on
binary partition of samples by indicator value scores (IndVal, Dufréne and Legendre 1997), which
integrate occurrence frequency and relative abundance of each taxon. Just as in classification and
regression trees, this analysis use a deviance reduction measure to partition sample units at a given
predictor variable value (De’ath and Fabricius 2000).

The TITAN analysis considered purity and reliability properties measured in the calculation
of indication value (IndVal, Dufréne and Legendre 1997), together with Change Point Analysis -
nCPA (King and Richardson 2003). Results were verified with 500 bootstraps yielding confidence
intervals and change points at which the assemblage responded negatively [sum(z-)] and positively

[sum(z+)] to predictor variable (Baker and King 2010). Following the recommendations of Baker
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and King (2010), we excluded taxa that occurred at less than three sites and with fewer than five
individuals (36 retained species). Abundances maintained were logarithmically transformed (logx +
1)) to reduce the influence of highly variable taxa on indicator score calculations in each data set,
which was particularly important for taxa with low occurrence frequencies. Species shall be
significantly associated to a higher or lower habitat condition if IndVal < 0.05, purity > 0.95, and
reliability > 0.95 (Baker and King 2010; Cardoso et al. 2013). The TITAN interpretation was carried
out based in environmental variables selected for each PCA axis interpretation, based in their
loadings values.

All analyses were performed with the R software (R Development Core Team 2015) using
the packages FactoMineR (L& et al. 2008), TITAN2 (Baker and King 2010) and vegan (Oksanen et
al. 2016).

Results

Sampled streams had a mean width of 3.42 m, Standard Deviation + 1.10 (with an average
of 3.39 m £ 1.08 in plantation areas, and 3.45 m £ 1.20 in forested areas), and a mean depth of 0.34
m £ 0.14 (0.38 m + 0.14 in plantation areas and 0.30 m £ 0.14 in forested areas). The water in these
streams was predominantly acidic with an average pH of 4.8 £ 0.24 (4.9 =+ 0.15 in plantation areas
and 4.7 £ 0.25 in forested areas), with mean dissolved oxygen of 6.96 mg/l + 1.40 (6.71 £ 0.83 in
plantation areas and 7.23 £ 1.88 in forested areas), and mean temperature of 25.8 °C + 0.88 (26.2°C
+ 0.67 in plantation areas and 25.4 °C + 0.96 in forested areas).

Of the 242 variables measured using the habitat assessment protocol, 44 were removed from
the analysis because they had zero values in more than 80% of the samples, and 21 were removed
because they had a coefficient of variation lower than 10%. The visual assessment of interquartile
overlap, followed by confirmation through a Student t-test, resulted in the exclusion of 127 variables.
Finally, the correlation analysis indicated only ten variables for evaluating environmental conditions
of structural habitat (Table 1, Additional figure is given in online resource 1). The environmental
variables selected were: thalweg mean depth; % fine substrate (silt/clay/mud; size < 0.6 mm of
diameter); riparian canopy cover by thin trees estimation (> 5 m high and < 0.3 m of diameter); large
woody debris in active channel (pieces/reach > 0.3 m of diameter); large woody debris above active
channel (pieces/reach > 0.3 m of diameter); large woody debris volume in and above active channel
(m3/reach > 0.8 m of diameter); fish cover by overhanging vegetation; fish cover by undercut banks;
proportion of riparian non-agricultural human disturbance; Oxidation Reduction Potential of water
(Additional figure is given in online resource 1).

The principal component analysis showed that the variables selected had a significant

contribution to the distinction of stream habitat between forested and oil palm plantations areas.
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Only the first principal component was selected for the interpretation of results, explaining 37.04 %
of the variation in the habitat structure of streams. Plantation areas were characterized by a high
proportion of non-agricultural human impact (HNOAG) and higher percentage of fine substrate
(PCT_FN), while forested areas had a higher large woody debris volume in and above active channel
(LWDVC), as well as high values of water oxidation and reduction (ORP) (Table 1, Figure 2).

Table 1 Environmental variables selected for stream habitat characterization in oil palm plantations
and forested fragments in Eastern Amazon, northeastern Pard State, Brazil, and their respective
scores resulting from Principal Components (PCA). Marked in bold indicate the principal

components selected.

Environmental Variables PCA1 PCAIl
Thalweg mean depth (XDEPTH) -0.593 -0.163
Substrate % fine (silt/ clay/ mud; < 0.6 mm) (PCT_FN) -0.682  _0.023
Riparian canopy (> 5 m high) cover (XCS) -0.364 0.496
Large Woody Debris in active channel (pieces/reach) (LWDINC) 0.581  0.587
Large Woody Debris above active channel (pieces/reach) (LWDAC) 0476 -0.144
Large Woody Debris volume in and above active channel (m®/reach) (LWDVC) 0.646  0.517
Fish cover by overhanging vegetation (OVNHRG) -0.457 -0.313
Fish cover by undercut banks (UNDCUT) 0.474 -0.693
Proportion of riparian human non-agricultural disturbance (HNOAG) -0.934 -0.001
Oxidation Reduction Potential of water (ORP) 0.727 -0.487
Explanation % 37.656 17.203
Eingenvalue 3.766  1.720

Broken-Stick 2929 1.929
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Fig. 2 Ordinations resulting from the principal components analysis (PCA) representing the habitat
variables (vectors) measured in stream reaches (symbols) sampled located in oil palm plantations
and forested areas in northeastern Para state, Brazil. Open circle (o) represents streams in oil palm

plantation area and closed circles (®) represent streams in forested area.

A total of 7,245 fish specimens were sampled; 4,333 (56 species) in oil palm plantation
streams and 2,912 (42 species) in forest fragments streams (Table 2). However, the richness based
on individual-based rarefaction method did not differ between these treatments (t =2.62, df =1, p >
0.05). The total richness was 63 species, allocated in six orders and 24 families. A higher abundance
was observed in the order Characiformes (21 species; 60.10% of the specimens sampled), followed
by Siluriformes (18; 16.08%) and Perciformes (7; 14.45%). The most abundant species were
Microcharacidium weitzmani (37.2%), Apistogramma gr. regani (9.41%), Trichomycterus
hasemani (8,30%), and Hyphessobrycon heterorhabdus (8.26%) (Table 2). The ordination yielded
by NMDS evidenced a distinction between species composition of oil palm plantations and forest
fragments, and it was corroborated by the PERMANOVA result (pseudoF = 2.82; p < 0.01) (Figure
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3). Of the total species captured, 21 occurred only in oil palm plantation streams, with highlight to
the exclusiveness of families Poeciliidae (N = 4, occurring in a single sample), Polycentridae (N =
1, one sample), Auchenipteridae (N = 2, two samples), and Doradidae (N=49, three samples). In
forested areas, four exclusive species were observed, Megalechis thoracata, Batrochoglanis
raninus, Ammocriptocharax elegans, and Denticetopsis epa, with emphasis on the exclusiveness of

families Callichthyidae and Pseudopimelodidae (Table 2).

Table 2 Taxonomic composition and abundance of fish assemblages in streams located in oil palm

plantations and in forest fragments in the Eastern Amazon, northeastern Para State, Brazil.

Taxa/Authority Oil Palm Forest Total
Characiformes
Characidae
Bryconops cf. caudomaculatus (Ginther 1864) 1 - 1
Gnathocharax steindachneri Fowler 1913 4 - 4
Hemigrammus bellottii (Steindachner 1882) 72 25 97
Hemigrammus oceliffer (Steindachner 1882) 26 7 33
Hyphessobrycon heterorhabdus (Ulrey 1894) 182 554 736
Hyphessobrycon bentosi Durbin 1908 14 - 14
Moenkhausia collettii (Steindachner 1882) 4 - 4
Moenkhausia comma Eigenmann 1908 10 - 10
Crenuchidae
Ammocriptocharax elegans Weitzman and Kanazawa 1976 - 3 3
Crenuchus spilurus Giinther 1863 4 6 10
Melanocharacidium cf. dispilomma Buckup 1993 1 1 2
Microcharacidium weitzmani Buckup 1993 2833 736 3569
Erythrinidae
Erythrinus erythrinus (Bloch and Schneider 1801) 4 11 15
Hoplias malabaricus (Bloch 1794) 4 4 8
Gasteropelecidae
Carnegiella strigata (Gunther 1864) 66 3 69
Iguanodectidae
Iguanodectes rachovii Regan 1912 110 78 188
Lebiasinidae
Copella arnoldi (Regan 1912) 205 295 500
Nannostomus eques Steindachner 1876 2 - 2
Nannostomus nitidus Weitzman 1978 3 - 3
Nannostomus trifasciatus Steindachner 1876 38 19 57
Pyrrhulina gr. Brevis 11 34 45
Cyprinodontiformes
Poeciliidae
Fluviphylax cf. palikur Costa and Le Bail 1999 4 - 4
Rivulidae
Anablepsoides cf. urophthalmus (Gunther 1866) 59 76 135

Laimosemion cf. strigatus (Regan 1912) 70 57 127
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Gymnotiformes

Gymnotidae
Gymnotus gr. carapo Linnaeus 1758 1 3 4
Gymnotus gr. coropinae Hoedeman 1962 21 11 32
Hypopomidae
Brachyhypopomus aff. bullocki Sullivan and Hopkins 2009 17 14 31
Brachyhypopomus beebei (Schultz 1944) 12 86 98
Brachyhypopomus brevirostris (Steindachner 1868) 37 9 46
Hypopygus lepturus Hoedeman 1962 32 22 54
Microsternarchus aff. bilineatus Fernandez-Yépez 1968 21 - 21
Steatogenys elegans (Steindachner 1880) 7 4 11
Rhamphichthyidae
Gymnorhamphichthys petiti Géry and Vu 1964 156 48 204
Sternopygidae
Eigenmannia aff. trilineata Lopez and Castello 1966 7 -
Sternopygus macrurus (Bloch and Schneider 1801) 1 1
Perciformes
Cichlidae
Aequidens tetramerus (Heckel 1840) 44 2 46
Apistogramma agassizii (Steindachner 1875) 118 14 132
Apistogramma gr. regani Kullander 1980 579 341 920
Crenicara cf. punctulatum (Giinther 1863) 2 - 2
Crenicichla gr. saxatilis (Linnaeus 1758) 3 1
Geophagus sp. 2 -
Hypselecara cf. temporalis (Glinther 1862) 2 - 2
Nannacara cf. taenia Regan 1912 64 33 97
Polycentridae
Monocirrhus polyacanthus Heckel 1840 1 - 1
Siluriformes
Aspredinidae
Bunocephalus coracoideus (Cope 1874) 30 4 34
Auchenipteridae
Tetranematichthys barthemi Peixoto and Wosiacki 2010 2 - 2
Callichthyidae
Megalechis thoracata (Valenciennes 1840) - 4 4
Cetopsidae
Denticetopsis epa Vari, Ferraris and de Pinna 2005 - 4 4
Helogenes marmoratus Gunther 1863 81 121 202
Doradidae
Physopyxis ananas Sousa and Rapp Py-Daniel 2005 49 - 49
Heptapteridae
Gladioglanis conquistador Lundberg, Bornbusch and Mago-Leccia 1991 73 85 158
Mastiglanis asopos Bockmann 1994 9 -
Phreatobius cisternarum Goeldi 1905 1 -
Rhamdia quellen (Quoy and Gaimard 1824) 8 1
Loricariidae
Ancistrus sp. 1 - 1

Farlowella amazona (Glnther 1864) 15 4 19
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Otocinclus mura Schaefer 1997 18 - 18

Rineloricaria hasemani Isbriicker and Nijssen 1979 3 - 3
Pseudopimelodidae

Batrochoglanis raninus (Eigenmann 1912) - 1 1
Trichomycteridae

Ituglanis amazonicus (Steindachner 1882) 49 20 69

Paracanthopoma parva Giltay 1935 53 8 61

Trichomycterus hasemani (Eigenmann 1914) 740 160 900

Synbranchiformes

Synbranchidae

Synbranchus marmoratus Bloch 1795 12 2 14

Total 5998 2912 8910
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Fig. 3 Ordination resulting from the non-metric multi-dimensional scaling analysis (NMDS) based

on species composition of fishes collected in oil palm plantation and forest fragments streams in

northeastern Para state, Brazil. Open circle (o) represents streams in oil palm plantation area and

closed circles (®) represent streams in forested area.

TITAN (Threshold Indicator Taxa Analysis) indicated a small difference in species

ecological limits associated to variation in habitat condition (z- = 1.52 and sum z+= -1.22). In

addition, of the 36 analyzed species, Aequidens tetramerus, Apistogramma agassizii and

Microcharacidium weitzmani were positively associated to first PCA axis, that based on axis

interpretation, means an occurrence increase of these species followed by increase in percentage of



40

fine substrate and proportion of non-agricultural human impact (Figure 4). On the other hand, only
Helogenes marmoratus was negatively associated to first PCA axis, that mean an occurrence
increase followed by increase in large woody debris volume in and above active channel and

Oxireduction Potential of water (Table 3, Figure 4).

Table 3 Results of the TITAN Analysis for fish species collected in Eastern Amazon streams.
Where bold species were considered indicative of forest or oil palm environments.

Environmental Frequence p z z
Species change point oil Indval (IndVal) z (5%) (95%) Purity Reliability Indication
Forest Palm
Aequidens tetramerus -1.22 1 7 86.82 0.030 3.07 -129 170 1.00 0.98 z+
Anablepsoides cf.
urophthalmus 1.35 7 6 84.65 0.022 24 -227 170 098 0.81 z-
Apistogramma agassizii -1.46 2 8 90.91 0.002 438 -172 174 1.00 1.00 z+
Apistogramma gr. regani -1.91 7 9 81.00 0.006 324 -216 151 0.92 0.83 z+
Brachyhypopomus aff.
bullocki -2.16 3 4 50.00 0.140 0.77 -224 170 0.73 0.33 z+
Brachyhypopomus
beebei -1.91 6 5 95.99 0.014 313 -216 213 0.89 0.75 z-
Brachyhypopomus
brevirostris -1.22 2 7 76.24 0.006 3.15 -141 1.70 1.00 0.90 zZ+
Bunocephalus
coracoideus -1.91 3 6 69.23 0.070 2.01 -2.01 150 0.97 0.79 z+
Carnegiella strigata 1.05 2 6 71.47 0.008 3.13 -191 2.09 0.99 0.86 zZ+
Copella arnoldi 1.30 8 9 69.64 0.086 153 -216 132 081 0.44 z-
Crenuchus spilurus 1.52 4 3 53.85 0.180 146 -2.34 156  0.87 0.39 z-
Erythrinus erythrinus -1.46 5 3 72.54 0.002 353 -216 111 096 0.84 z-
Farlowella amazona 1.70 2 5 89.53 0.012 351 -157 209 1.00 0.88 z+
Gladioglanis
conquistador 1.35 7 7 63.07 0210 096 -2.34 152 0.62 0.52 z+
Gymnorhamphichthys
petiti -2.16 7 9 86.41 0.010 233 -224 252 094 0.79 z+
Gymnotus gr. coropinae 1.05 7 6 51.07 0.386 -0.09 -2.34 213 0.53 0.38 z-
Helogenes marmoratus 1.52 8 8 86.73 0.004 415 -122 1.70 1.00 0.99 z-
Hemigrammus bellottii 1.05 2 6 56.32 0.080 161 -234 174 0.81 0.61 z+
Hemigrammus oceliffer -1.22 2 6 63.30 0.024 241 -156 152 0.96 0.76 z+
Hoplias malabaricus 1.52 3 2 35.45 0464 053 -2.34 252 048 0.40 z+
Hyphessobrycon
heterorhabdus 1.30 7 7 73.19 0.088 152 -234 174 0.83 0.51 z-
Hypopygus lepturus -1.22 5 4 47.56 0.424 0.21 -242 252 0.58 0.41 z-
Iguanodectes rachovii -1.91 7 8 56.16 0.546 -0.3 -2.16 170 0.55 0.27 z-
Ituglanis amazonicus 1.37 5 6 65.93 0.170 1.17 -241 151 047 0.52 z+
Laimosemion cf.
strigatus -0.11 6 5 51.03 0310 0.29 -234 232 052 0.33 z-
Microcharacidium
weitzmani 1.05 8 9 73.17 0.004 315 -141 170 1.00 0.98 z+

Microsternarchus aff.
bilineatus 1.70 0 5 94.92 0.012 464 011 2.09 1.00 0.88 zZ+
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Moenkhausia comma 1.05 0 3 38.02 0.018 1.71 -0.13 252 0.95 0.45 z+
Nannacara cf. taenia -1.91 6 5 64.92 0.178 1.11 -216 252 0.68 0.40 z-
Nannostomus
trifasciatus -2.16 5 8 78.40 0.014 231 -2.24 213 0.94 0.67 zZ+
Paracanthopoma parva 1.37 2 6 62.80 0.050 217 -241 2.09 0.90 0.70 z+
Pyrrhulina sp. 1.30 5 5 60.26 0.104 13 -243 153 0.80 0.45 z-
Rhamdia quellen -1.46 1 3 36.36 0.218 144 -1.72 152 0.73 0.22 z+
Steatogenys elegans 1.70 1 5 75.68 0.036 2.74 -1.80 2.09 0.99 0.76 z+
Synbranchus
marmoratus 1.05 2 4 39.87 0.174 1.02 -234 252 0.52 0.47 z+
Trichomycterus
hasemani 1.05 8 9 74.87 0.054 191 -234 152 0.80 0.55 z+
------------------------ Q------ -1 Microcharacidium weitzmani
""""" (@ TLEET T T ETP LR -1 Aequidens tetramerus
'O' """"""""""""" -1 Apistogramma agassizii
Helogenes marmoratus |~ 9
| 1 | | |
-2 -1 0 1 2

Number of large woody debris
in and over the stream

Oxireduction Potential of water

% Fine substrate

Proportion of non-agricultural
human impact

Fig. 4 Change points and 90% confidence limits of significant indicator taxa along the first PCA

axis (Threshold Indicator Taxa Analysis, p < 0.05, purity >0.95, reliability >0.95 for p < 0.05, 500

bootstrap and 1000 permutation replicates). Change points are sized in proportion to the magnitude

of the response (z scores).

Discussion

In the present study, oil palm plantations have proven to be an important modifying agent of

stream ecosystem structures, since the presence of this activity resulted in changes both in habitat

structure, and in water physical-chemical characteristics, which reflected in stream fish assemblages.

In the Eastern Amazon, streams draining oil palm plantations showed an increase in percentage of

fine substrate and in the proportion of non-agricultural human impact, along with a decrease in large



42

woody debris volume in and above active channel (LWDVC) and in water oxidation and reduction.
We also recorded changes in the fish assemblage composition, where generalist species were
predominant and general richness and abundance of species were higher when compared with
streams of forested areas.

The relationship between stream habitat structure and cash crops has been widely described
in literature (Moerke and Lamberti 2006; Hrodey et al. 2009; Santos et al. 2015; Luke et al. 2017).
Changes in land use along the catchment, such as agriculture, affect negatively the structure of
remaining riparian vegetation (Heartsill-Scalley and Aide 2003). Consequently, these changes affect
the stream habitat due to a higher incidence of light, reduction of allochthonous organic matter input
(Fernandes et al. 2012), changes in chemical elements of water (De Souza et al. 2013) and reducing
the offer of shelter for organisms (Crook and Robertson 1999; Wright and Flecker 2004). The
network of dirt roads used for cash crops has also been considered an important modifying agent of
stream habitat, mainly contributing with the siltation of this system, which affects the water physical-
chemical feature and biodiversity (McClain and Elsenbeer 2001; Wantzen and Mol 2013). In the
present study, we believe that both changes in riparian vegetation structure and the presence of dirt
roads, contributed to stream habitat changes in oil palm plantation areas. Besides, the Brazilian
environmental laws (Law n°® 12.651, May 25, 2012), consider dirt roads and bridges as a low impact
disturbance and their construction is permitted in permanent preservation areas (APP — Area de
Preservacdo Permanente in Portuguese), which includes a 30-meter strip of riparian vegetation area
in both side of streams less than ten meters wide. This situation tends to contribute even more to the
input of sediments and organic matter in the streams, as well as with changes in the physical and
chemical characteristics of water.

The changes observed in the habitat corroborate the results presented by Dosskey et al.
(2010), who considers the riparian vegetation as responsible for maintaining the physical-chemical
properties of streams draining. Changes in stream habitat was also observed by Cunha et al. (2015)
in a study conducted in Amazonia, who found that the highest proportion of non-agricultural human
impact was caused by changes in habitat integrity of streams due to land use for oil palm plantation.
With lower amount of woody debris, and substrates with smaller diameter in oil palm plantation
streams, which are thus characterized as sites with lower heterogeneity and lower offer of habitats.
These metrics were sensitive to compare and distinguish forest fragments from oil palm plantations
and are directly related to the preservation state and configuration of riparian vegetation, which are
key factors to the good functioning of the natural conditions of aquatic ecosystems (Pusey and
Arthington 2003). On the other hand, a higher canopy cover was observed in the oil palm plantation,
however, this riparian vegetation is composed by thin trees (<30 cm), suggesting a regenerating or

recent vegetation. In addition, the significant number of thin trees is driven by the absence of larger
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trees, which are considered to be strong contenders for resources since they present a greater demand
(Coomes and Allen 2007).

Following the same reasoning, the increase in sedimentation found in oil palm plantation
streams might be associated to changes in riparian vegetation, which works as a filter for water
volume and for the amount of transported sediment coming from the adjacent forest fragments and
into the streams (Pusey and Arthington 2003; De Souza et al. 2013). In streams surrounded by less
dense vegetation resulting from oil palm plantations, the volume of water input in the streams is
higher, as is sediment load, corroborating Restrepo et al. (2015), who found changes in the
sedimentation process of water bodies in Rio Magdalena basin, Colombia, resulting from the
suppression of primary vegetation over the years. In addition, according to Bonachea et al. (2010),
in a process similar to the sedimentation of water bodies, habitat loss deriving from homogenization
caused by changes in the native vegetation is also another relevant consequence of disorganized
human activities as it decreases the offer of shelter, foraging sites, and reproductive sites in several
aquatic organisms (Casatti et al. 2012).

On the other hand, biodiversity also suffers the impacts of palm monoculture. However, most
studies address terrestrial organisms, e.g., the study by Lees et al. (2015) in the Eastern Amazon,
who observed differences in avifauna richness between oil palm plantation, primary forest,
secondary forest, and pasture. Oil palm plantation samples had the lowest richness in the study. In
another study carried out in the same area, Correa et al. (2015) recorded higher anuran richness in
forest fragments than in oil palm plantations; however, they found no difference in the abundance
of these animals. Also, regarding terrestrial fauna, in a study conducted in Malaysia, Turner and
Foster (2009) evidenced that terrestrial invertebrate abundance and biomass decrease in oil palm
plantations compared to primary forest fragments and logged forest fragments. Regarding aquatic
organisms, some studies have indicated relationships similar to those observed for terrestrial
organisms. Rawi et al. (2013) observed a lower diversity of aquatic insects in streams next to oil
palm plantations compared to primary forest fragments streams and streams near highways. In
another study carried out in the Amazon, Cunha et al. (2015) observed a lower richness of
Heteroptera in oil palm plantation streams compared to primary forest fragments streams. However,
there were no differences in the abundance of these insects.

Although the state of knowledge regarding changes caused by oil palm plantations in the
natural community structure is significant, studies about the effects on ichthyofauna are still scarce.
In a pioneer study, conducted in Indonesia, Giam et al. (2015) observed differences in fish
assemblage structure; higher species richness was found in streams that drain through continuous
forests and riparian vegetation fragments, compared to oil palm plantation streams, where a loss of

approximately 42% in fish richness is estimated.
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Unlike the hypothesized in the present study, the fish assemblage’s richness did not differ
between forest fragments and oil palm plantations streams. Similar pattern has also been observed
and discussed in tropical streams submitted to a different type of environmental disturbances (Teresa
and Casatti 2012), which was manly attributed to a higher evenness in the distribution of species
within these streams and the fact that disturbed areas provide condition that favor the frequency
increase of species that previously inhabited these areas. In some cases, the species richness in
streams may also increase after disturbances (McCabe and Gotelli 2000). According to Huston’s
dynamic-equilibrium model, considered a good predictor model to streams communities, the species
richness peak can be obtained in different disturbance intensity according to the rates of competitive
exclusion and population (Huston 1979). In this sense, it is important to reinforce that species
richness must be carefully evaluated and never used as the only measure of diversity streams
disturbances assessment.

Regarding fish species composition, the results obtained indicate differences between
streams in forest fragments and oil palm plantations. This composition difference may be related to
environmental changes, since environmental features are determining factors for the occurrence of
species in a given area (Jackson et al. 2001; Terra et al. 2015). Despite that, the fish species
composition of one sampled stream in forest fragments was similar to streams in oil palm plantations
in the NMDS ordination, this pattern may be leading because this site is surrounded by oil palm
plantations, both downstream and upstream, but the stream source is located in forest fragments.
However, this influence (distance of plantations) was not measured in our study and we suggest for
a future landscape ecology studies to assess this relation and elucidate this question.

Therefore, fish species might be used as indicators of preserved or degraded areas (Ferreira
and Casatti 2006). In the present study, the increase in abundance of Aequidens tetramerus and
Apistogramma agassizii in oil palm plantations streams may be attributed to high tolerance and
generality of many species of this family (Cichlidae) to lower environmental conditions (Burress
2015). In addition, the wide distribution of these two species in the Amazon basin (Kullander 2003)
make them possible environmental indicators of areas disturbed by oil palm plantation. On the other
hand, Helogenes marmoratus is associated to higher environmental conditions of structural
heterogeneity (forest fragment streams), since their perpetuation depends on more specific
environments, e.g., foliage bed and woody debris, deriving from riparian forests, which are
deposited in the stream substrate, serving as shelter for these specie (Sazima et al. 2006).

Overall, changes in the patterns of biological community structure are common in face of the
impacts caused by different land uses (lwata et al. 2003; Deegan et al. 2011). In addition, the
maintenance of riparian vegetation is essential to mitigate these impacts, since small streams depend

on the structure of this marginal vegetation to maintain their natural features (Pusey and Arthington
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2003; Casatti et al. 2012; De Souza et al. 2013). Therefore, monitoring studies on structural analyses
(e.g.: amount of woody debris) of aquatic ecosystems have been carried out in the United States,
Europe and Asia with the purpose of understanding their functioning and of creating conservation
measures (Metzger and Casatti 2006; Li et al. 2010). In Brazil, however, these methodologies are
still scarce.

Studies that add ecosystem structural information to biological information comprise an
effective biodiversity monitoring tool used in temperate regions (Jaramillo-Villa and Caramaschi
2008); all the same, they can be widely adapted and practiced in tropical and subtropical regions
such as the Brazilian Amazon. Hence, the results shown here indicate that the use of data on fish
assemblage composition combined with structural habitat condition approach is effective in the
assessment of streams and might subsidize strategies for the preservation and conservation of these
ecosystems, as land use for oil palm plantations has been impacting the Amazon biodiversity. The
conservation and monitoring of riparian vegetation corridors along all catchments in the studied area
are of utmost importance. In addition, with a decrease in habitat quality, changes in species
composition might occur, leading to the loss of more sensitive and forest-specialist species.
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CAPITULO 2

Efeitos da palma de dendé na estrutura do habitat
e diversidade taxonomica de peixes de riachos da

Amazonia Oriental

O capitulo Il desta tese foi
elaborado e formatado conforme
as normas da publicag&o cientifica
Aquatic Sciences, as quais se
encontram em anexo (Anexo 2)
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Resumo

Com a expansao da monocultura de palma de dendé na Amazonia, a necessidade de estudos
avaliando como esta atividade afeta o meio ambiente e a biodiversidade ¢ fundamental. Nesse
sentido, esta pesquisa tem como objetivo avaliar como a substituicdo da floresta por palma de dendé
na paisagem afeta a estrutura do habitat e a diversidade taxondmica de peixes de riachos tropicais.
Assumiu-se a hipotese de que a substitui¢do da floresta altera as caracteristicas naturais dos riachos
e consequentemente a distribuicdo das espécies de peixes. Foram amostrados 39 riachos na
Amazodnia Oriental, que foram caracterizados quanto a estrutura do habitat e da paisagem adjacente
(buffer de 300 m). Foram registradas alteragdes nas caracteristicas naturais dos riachos, associados
a perda de cobertura florestal e presenca de palma de dendé e pastagem, onde maiores valores de
altura da incisdo dos riachos foram registrados em areas com maior porcentagem de floresta,
enquanto que a maior porcentagem de imersdao do substrato foi registrada em &reas menos
florestadas, com predominéncia de plantagdo de palma de dendé€ e pastagem. Corroborando assim
com a hipotese inicial de que a substituicdo da floresta por areas de plantacdo de dendé afeta
negativamente a estrutura do habitat dos riachos. Em relacdo as assembleias de peixes, foi coletado
um total de 13.942 individuos, pertencentes a 74 espécies. As modificagdes nas caracteristicas do
habitat de riachos afetam a ocorréncia e abundancia das espécies, sendo possivel determinar espécies
indicadoras de ambientes preservados e alterados. Por fim, é importante considerar essas alteragdes
e utilizar estudos desta natireza na elaboragdo de politicas publicas eficientes na conservagao dos
remanescentes florestais, incluindo os riachos e toda biodiversidade associada.

Palavras-chave: Impacto humano, Elaeis guineensis, ictiofauna neotropical, paisagem.
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Introducéo

O cultivo de palma de dendé (Elaeis guineensis Jacq.) na Amaz6nia vem crescendo
exponencialmente nos Gltimos anos, constituindo uma possivel ameaca a biodiversidade (Correa et
al. 2015; Almeida et al. 2016; Juen et al. 2016). Em paises onde a palma de dendé é cultivada
intensamente, como Malésia e Indonésia, as alteracdes ambientais ja sdo evidenciadas pela reducéo
da cobertura vegetal, transformacdo dos habitat e, consequentemente, perda de biodiversidade
(Fitzherbert et al. 2008; Turner et al. 2011).

No entanto essas alteracdes ambientais ndo se restringem aos ambientes terrestres, uma vez
que 0s ecossistemas aquaticos podem ter uma expressiva perda de sua integridade em decorréncia
das alteragGes nos ambientes terrestres (Roth et al. 1996; Allan 2004; Hrodey et al. 2009), como a
degradacdo de habitat fisico e a diminuicdo da complexidade estrutural do ambiente, limitando a
coexisténcia de espécies (Karr 1981; Baptista et al. 2007). Um dos ambientes aquaticos que mais
sofrem os impactos associados praticas agricolas € o de pequenos riachos, devido a sua forte
associa¢do com a vegetacdo riparia (Pusey and Arthington 2003), que fornece alimentos, abrigo e
auxilia na manutencéo das caracteristicas fisico-quimicas dos riachos (Casatti et al. 2012).

Entender como estes pequenos corpos d’dgua respondem as alteracdes ambientais
provocadas pela expansdo do dendé na Amazodnia, identificando quais caracteristicas do habitat
fisico sao mais afetadas, constituem uma importante ferramenta para subsidiar estratégias efetivas
na mitigacdo do impacto e preservacao deste ecossistema e, consequentemente, da biodiversidade
aquatica (Karr 1981; Baptista et al. 2007). Com isso, uma abordagem que identifique mudangas em
diferentes aspectos dos riachos, como na morfologia do canal, disponibilidade de abrigo, estrutura
da vegetacdo riparia, composicdo do substrato, entre outros, ¢ fundamental para um melhor
entendimento do impacto causado por atividades humanas (Karr 1981; Kaufmann et al. 1999).

Além disso, essas mudancas nas caracteristicas naturais dos riachos afetam a biodiversidade
aquatica (Juen et al. 2016). Uma forma robusta de entender como os organismos respondem aos
impactos ¢ a utilizacao das assembleias de peixes, que sdo considerados um grupo altamente diverso,
ou seja, apresenta morfologias bem distintas e desempenha diferentes fungdes no ecossistema
(Winemiller 1991; Ferreira and Casatti 2006). Além disso, os peixes estdo presentes em diferentes
niveis troficos, como por exemplo, raspadores, decompositores e carnivoros (Zuluaga-Goémez et al.
2016), e ainda ocupam uma variedade de micro-habitat, como fendas em rochas e madeiras,
substrato, raizes nas margens, entre outros. Com toda essa diversidade, os peixes sdo considerados
bons indicadores de alteragdes ambientais, pois podem responder de maneira diferente aos impactos,
aumentando ou diminuindo sua abundancia, ou até mesmo deixando de ocorrer em determinado

ambiente (Harris 1995; Mendonga et al. 2005).
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Sendo assim, este estudo tem como objetivo avaliar como a substitui¢ao da floresta por palma
de dendé, na paisagem, afeta a estrutura do habitat fisico e a diversidade taxondmica de peixes de
riachos tropicais. Assumiu-se como hipotese que a substituicdo da floresta altera as caracteristicas
naturais dos riachos, como morfologia do canal e disponibilidade de abrigo, e, consequentemente, a

distribuicao das espécies de peixes.

Material e Métodos
Area de estudo e desenho amostral

O estudo foi conduzido na Amazénia Oriental, mais especificamente no Centro de
Endemismo Belém (CEB), localizado na mesorregido do Nordeste do estado do Para, onde esta
concentrada a maior parte da producdo de palma dendé na Amazonia (Reis-Neto 2010).

O CEB, com aproximadamente 243.000 km2, constitui um extenso mosaico de areas
preservadas e alteradas, uma vez que 28% do territério do CEB € constituido de floresta ombréfila
e 72% desse territorio foi convertido em diversos usos de solo, entre ele a agropecuaria com mais
de 79.000 km2 (32,4%) é a mais representativa, enquanto que a palma de dendé apresenta
aproximadamente 3.200 km? (1,3%) de area plantada (Almeida and Vieira 2013). O clima na regido
¢ tropical imido, do subtipo ‘Af’, segundo a classificacio de Koppen (Peel et al. 2007). A
temperatura média na regido ¢ de 26°C, com uma umidade relativa do ar atingindo 85% (Oliveira et
al. 2002).

No total foram amostrados 39 riachos de primeira a terceira ordem, de acordo com a
classificacdo de Strahler (1957), na bacia do Rio Acara (Figura 1). As amostras ocorreram sempre
no periodo de seca na regido (entre os meses de junho e novembro), nos anos de 2012, 2013, 2015
e 2016. A padronizacdo do periodo hidrologico ¢ necessaria para evitar possiveis alteragdes,
resultantes de variacdes sazonais, tanto em aspectos estruturais e funcionais da ictiofauna, como na
padronizacdo do método de coleta e caracterizagdo ambiental dos riachos (Jaramillo-Villa and

Caramaschi 2008).
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Fig. 1 Localizacdo geografica dos riachos amostrados nos anos de 2012, 2013, 2015 e 2016 na bacia

do Rio Acara, na Amazonia Oriental, Para, Brasil.

Coleta de dados

As variaveis ambientais locais foram amostradas em cada riacho de acordo com o protocolo
de avaliacdo de riachos proposto por Peck et al. (2006). Este protocolo avalia diversos componentes
da estrutura fisica do habitat dos riachos, como morfologia do canal, unidade de canal (fluxo de
agua), tipo de substrato, quantidade de madeira no riacho, estrutura da vegetagdo riparia,
disponibilidade de abrigo e impacto humano. Ao todo foram amostradas 27 variaveis ambientais
locais, distribuidas em sete agrupamentos de métricas (Peck et al. 2006) (Tabela 1). Os métodos de

amostragem de cada variavel estdo descritos no Material suplementar S1 — Capitulo 2.

Tabela 1 Variaveis ambientais do habitat fisico mensuradas para avaliar a estrutura dos riachos
amostrados na Amazonia Oriental.

Grupos Métrica Cddigo
Profundidade média do talvegue (cm) XDEPTH_T
Morfologia do Desvio padréo da profundidade do talvegue (cm)  SDDEPTH_T
canal Média da largura do leito sazonal (m) XBKF_W
Média Altura Incisdo (m) XINC _H
Razdo Largura / Profundidade no Trecho XWD RAT
Média de imersdo (Canal + Margens) (%) XEMBED
Substrato Porcentagem de substrato fino (%) PCT_ST
Matéria organica total (%) PCT_ORG
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Madeira (%) PCT_MD

Raizes finas (%) PCT_RZ

Banco de folhas (%) PCT_BF

Média do tamanho do substrato DGM_X

Desvio padréo do tamanho do substrato DGM_V

Unidade de canal Fluxo rapido (%) PCT_RA
(Fluxo de 4gua)  Sequéncia de fluxos rapidos, suaves e piscinas SEQ FLO 1
Estrutura da Médig de co?ertura riparia to.tal, ' XCMG
vegetacio riparia Desv!o padrleo de cobertura ripéria total SDCMG
Desvio padrédo de cobertura lenhosa SDCMGW

Volume Madeira grande no Leito V4W_150

Madeira NUmero Madeira pequena no leito C1wW_MSQ
Volume Madeira grande dentro e acima do leito VAT MSQ

Média Abrigo - Madeira Grande XFC_PMG

Abrigo para Média Abrigo - Arvores Vivas XFC_AV
organismos Média Abrigo - Margem Escavada XFC_ME
aquaticos Proporg&o Abrigo - Arvores Vivas PFC_AV
Proporcdo Abrigo - Margem Escavada PFC ME

Influéncia humana Proporg¢éo de impacto humano X_HNOAG

Para cada riacho amostrado, além das varidveis do habitat fisico, caracteristicas da paisagem
também foram obtidas, através da quantificagdo da cobertura vegetal e dos usos de solo adjacentes
a esses corpos d’agua. Esta quantificagcdo se deu em porcentagens, por meio da elaboracao de areas
de influéncias (buffers). Primeiramente, foi delimitada a area da Amazdnia Oriental e a rede de
drenagem dos igarapés amostrados, com base nas coordenadas geograficas obtidas em campo,
utilizando o software ArcGIS 10.1 (ESRI 2011). A rede de drenagem foi revisada por imagens dos
satélites RapidEye (RapidEye 2015) e Indian Remote Sensing (IRS, INPE 2016) e por imagens do
software Google Earth de 2016. Em seguida, as areas de influéncia foram entdo delimitadas no
entorno dos pontos amostrados, em um formato circular, com didmetro medindo 300 metros.
Posteriormente as feigdes dos usos de solo foram classificadas, com base em uma adaptagao do
proposto por Molina et al. (2017), em: 1) Floresta: areas ocupadas por florestas nativas em diferentes
estagios de regeneracdo; II) Monocultura de palma de dendé: areas ocupadas por palmeiras de dendé,
em diferentes anos de plantio; III) Pastagem: 4reas cobertas por gramineas e/ou ocupadas por
pecuaria intensiva e extensiva; IV) Solo exposto: areas com solo desprotegido, sem vegetacdo ou
outro uso (Material suplementar S2 — Capitulo 2).

Em relagdo a ictiofauna, os individuos foram capturados por busca ativa utilizando redes de
mao com 60 cm de diametro e malha de 3 mm entre nos opostos. A rede de mao ¢ um método de
coleta ativa comumente utilizado na amostragem de peixes de pequenos riachos tropicais, pois
permite ao coletor alcangar diversos micro-habitat, como raizes submersas, margens escavadas,

barrancos, bancos de folha, entre outros (Hayes 1983; Uieda and Castro 1999). O esfor¢o amostral
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foi padronizado em dois coletores, permanecendo 18 minutos em cada secdo longitudinal,
totalizando uma amostragem de seis horas por trecho de igarapé (150 metros). Os espécimes
coletados foram submetidos a doses letais do anestésico Eugenol (American Veterinary Medical
Association, 2001) e posteriormente fixados em formalina 10% por aproximadamente 48 horas e em
seguida conservados em etanol 70° GL. Em laboratério, os peixes foram triados e identificados com
literatura especializada (e.g. Géry 1977; Kullander 1986) e com o auxilio de especialistas dos
diferentes grupos taxondmicos. Posteriormente, o material bioldgico serd tombado na Colegdo

Ictiologica do Museu Paraense Emilio Goeldi (MCT/MPEG), Belém, Brasil.

Anélise de dados

As variaveis ambientais relacionadas a estrutura do habitat fisico de riachos foram,
primeiramente, normalizadas para reduzir o efeito de medidas em unidades diferentes. Em seguida,
foi realizada uma analise de correlagdo de Spearman, a fim de identificar multicolinearidade dos
dados, eliminando aquelas variaveis correlacionadas (> 0,6). Quando duas ou mais varidveis
mostraram correlacdo, apenas uma foi selecionada com base na sua importancia na caracterizagao
de riachos.

Em seguida, apenas com as varidveis do habitat fisico selecionadas ap6s a correlagao, foi
realizada uma Analise Canonica de Coordenadas Principais (CAP, Anderson and Willis 2003)
baseada na distancia Euclidiana, a fim de identificar as varidveis que mais contribuiram na
diferenciacdo entre os riachos amostrados, associando essas variaveis do habitat fisico com as
caracteristicas da paisagem adjacente. Os eixos candnicos foram selecionados de acordo com o
método proposto por Ratkowsky (2016), onde sdo retidos apenas aqueles que apresentam
associacOes mais fortes com o conjunto de dados multivariados analisados (& > 0,6). Em relacéo as
variaveis do habitat fisico, foram selecionadas apenas aquelas que apresentam loadings maiores que
0,6 nos eixos selecionados anteriormente. Por fim, foi realizado um teste de permutagéo (9.999
repeticdes) para testar a hipotese de que as mudangas provocadas pela substituigdo da cobertura
vegetal primaria por areas de monocultura de dendé, afetam as caracteristicas do habitat fisico dos
riachos na Amazonia Oriental.

Para avaliar como as assembleias de peixes respondem as caracteristicas fisicas do habitat
fisico, bem como as caracteristicas da paisagem adjacente aos riachos, foi utilizada a Anélise de
Correspondéncia Canénica (CCA, Legendre and Legendre, 1998), testada através de uma Analise
de Variancia (ANOVA, Legendre and Legendre, 1998). Os eixos da CCA foram selecionados
através de outra ANOVA, enquanto que as variaveis do habitat fisico, bem como as caracteristicas

da paisagem, foram selecionadas apenas aquelas que apresentaram loadings > 0,6 (p > 0,05). Para
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essa andlise os dados bioldgicos foram submetidos a uma transformacao logaritmica, enquanto que
os dados ambientais foram normalizados.
Todas as andlises foram realizadas no programa R (R Development Core Team 2015)

utilizando os pacotes “vegan” (Oksanen et al. 2016) e “stats” (R Development Core Team 2015).

Resultados

As variaveis do habitat fisico mensuradas apresentaram variacdo entre os riachos
amostrados, mostrando-se eficientes na caracterizacao e diferenciagao da estrutura fisica do habitat.
Por outro lado, algumas varidveis mostraram alta correlagao entre si, 0 que ocasionou na retirada de

19 varidveis, sendo mantidas, nas demais analises, as oito variaveis restantes (Tabela 2).

Tabela 2 Valores médios e desvio padrao (DP) das varidveis ambientais amostradas em igarapés na

Amazonia Oriental. As varidveis destacadas em negrito foram mantidas para as analises

subsequentes.
Cadigo Métrica Média + DP
XDEPTH_T  Profundidade média do talvegue (cm) 33,47+£9,6
SDDEPTH_T Desvio padrdo da profundidade do talvegue (cm) 11,82 +£3,8
XBKF_W Média da largura do leito sazonal (m) 16,38 £ 15,9
XINC_H Meédia Altura Inciséo (m) 2,822
XWD_RAT  Razdo Largura / Profundidade no Trecho 9,78 4,0
XEMBED Meédia de imersao (Canal + Margens) (%o) 60,95 + 20,7
PCT_ST Porcentagem de substrato fino (%) 10,43+£17,1
PCT_ORG Matéria organica total (%) 60,12 + 19,8
PCT_MD Madeira (%) 10,18 + 8,9
PCT Rz Raizes finas (%0) 9,39+8,6
PCT_BF Banco de folhas (%) 1755+12,1
DGM_X Média do tamanho do substrato 113,37 + 360,2
DGM_V Desvio padréo do tamanho do substrato 271,71 £ 704,5
PCT_RA Fluxo répido (%) 121+27
SEQ FLO_1 Sequéncia de fluxos rapidos, suaves e piscinas 0,12+0,1
XCMG Media de cobertura riparia total 142,21+ 71,9
SDCMG Desvio padrédo de cobertura riparia total 279 %6,2
SDCMGW Desvio padréo de cobertura lenhosa 24,35+ 8,6
V4W_150 Volume Madeira grande no Leito 494+73
C1W_MSQ Numero Madeira pequena no leito 0,16 £0,1
VA4T_MSQ Volume Madeira grande dentro e acima do leito 0,1+£0,1
XFC_PMG  Meédia Abrigo - Madeira Grande 13,08 +14,4
XFC_AV Média Abrigo - Arvores Vivas 19,08 + 13,3
XFC_ME Média Abrigo - Margem Escavada 155+25
PFC_AV Proporg&o Abrigo - Arvores Vivas 0,92+0,1
PFC_ME Propor¢do Abrigo - Margem Escavada 0,18+0,2
X _HNOAG Proporcéo de impacto humano 0,55+0,3
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A analise CAP, utilizando as variaveis do habitat fisico dos riachos, relacionadas com as
caracteristicas da paisagem (6 = 0,515; p = 0,019), selecionou os dois primeiros eixos candnicos
(Figura 2). O primeiro eixo mostrou uma correlagdo positiva com a porcentagem de palma de dendé
e propor¢ao de impacto humano. O segundo eixo candnico mostrou correlagdo positiva com a média
da altura da incisdo e correlagdao negativa com porcentagem média de imersao do substrato (Tabela

3).
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Figura 2 Ordenacdo resultante da Analise Candnica de Coordenadas Principais (CAP) com as
variaveis do habitat fisico relacionadas com as caracteristicas da paisagem adjacente aos riachos
amostrados na Amazonia Oriental. Onde as cores representam: (e) floresta; (¢) monocultura de

palma de dendé; (®) pastagem; (@) solo exposto.
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Tabela 3 Valores dos loadings dos dois eixos da Analise Candnica de Coordenadas Principais CAP
com as variaveis fisicas do habitat, bem como as caracteristicas da paisagem, de riachos amostrados
na Amazonia Oriental. Os valores marcados em negrito correspondem as variaveis selecionadas para

as analises posteriores.

Varidvel ambiental CAP16=0.71 CAP25=0.61
Média da largura do leito sazonal 0.504 0.304
Média altura incisédo 0.203 0.611
Meédia de imersao (Canal + Margens) (%o) -0.209 -0.608
Raizes finas (%) -0.141 -0.269
Média de cobertura ripéaria total -0.051 0.390
Numero madeira pequena no leito 0.037 0.107
Média abrigo - madeira grande -0.427 0.214
Proporcéo de impacto humano 0.674 -0.421
% Floresta -0,339 0,358
% Palma de dendé 0,653 0,094
% Pastagem -0,419 -0,531
% Solo exposto -0,118 -0,310

Em relacdo as caracteristicas da paisagem, foram registrados maiores valores de média da
altura da incis@o em riachos circundados por areas de floresta, ao passo que os menores valores desta
variavel estdo associados a riachos proximos a areas de pastagem. Por outro lado, a porcentagem de
imersao do substrato foi maior em riachos circundados por areas de pastagem e areas de monocultura
de dendé, enquanto que as menores porcentagens de imersdo foram encontradas em riachos
associados a floresta. Além disso, a propor¢ao de impacto humano foi maior em riachos circundados
por areas de plantacdo de dend€ e menores em riachos proximos a florestas primarias e areas de
pastagem.

Em relacao a ictiofauna, foram amostrados ao todo 13.942 individuos, distribuidos em oito
ordens, 25 familias e 74 espécies. A ordem mais representativa foi Characiformes (27 espécies, 36%
do total), seguida por Siluriformes (18 espécies, 24%), Gymnotiformes (14 espécies, 18,6%) e
Cichliformes (11 espécies, 16%). As demais ordens amostradas representam 5,4% das espécies
amostradas. Por outro lado, a familia mais representativa foi Cichlidae (11 espécies, 14,6% do total),
seguido por Characidae (10 espécies, 13,3% do total) e Hypopomidae (8 espécies, 10,6% do total).
A espécie Microcharacidium weitzmani foi a espécie mais abundante, com 3.658 individuos
(26,2%), seguido por Hyphessobrycon heterorhabdus (1.870 individuos, 13,4%), Apistogramma gr.
regani (1.326, 9,5%) e Copella arnoldi (1.325, 9,5%) (ver Material suplementar S3 — Capitulo 2).
As espécies que apresentaram abundancia total inferior ou igual a dois individuos foram retiradas

das analises, por serem consideradas ocasionais € pouco representativas.
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Através da Andlise de Correspondéncia Canonica (CCA) verificou-se que as variaveis do
habitat fisico de riachos afetam a composi¢ao (F=1,359; p=0,001) e a abundancia das espécies (F=
1,452; p =0,001). Foram selecionados apenas os dois primeiros eixos da CCA (CCA 1: F =3,471;
p=0,001; CCA 2: F =2,835; p=0,017). Das variaveis do habitat analisadas, apenas quatro foram
consideradas relevantes para a ictiofauna, sendo que a média da largura do leito sazonal (XBKF W;
F=1,537; p=0,024) e a porcentagem de raizes finas (PCT RZ; F=1,918; p=0,005) estio
positivamente relacionadas com o primeiro eixo da CCA. Ao passo que a média da porcentagem de
imersdo do substrato (XEMBED; F=2,463; p=0,001) estd negativamente relacionada com este
mesmo eixo. Por outro lado, apenas a média da altura da incisao (XINCH_H; F=1,766; p=0,013)

esta relacionada negativamente com o segundo eixo da CCA (Figura 3A).
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Figura 3 Ordenacdes da Analise de Correspondéncia Candnica (CCA), mostrando a relagdo entre
as variaveis do habitat fisico (setas) com as caracteristicas da paisagem (A) e as espécies de peixes
(B). Onde as cores representam: (®) floresta; (¢ ) monocultura de palma de dend€; (e) pastagem; (®)
solo exposto. As espécies que apresentaram loadings menores que 0,6 foram omitidas da ordenagao
para facilitar a interpretacdo. Os nomes das variaveis do habitat fisico e das espécies de peixes estao

expostos na Tabela 1 e Material suplementar S3, respectivamente.

Em relagdo as assembleias de peixes, espécies como Megalechis thoracata e Farlowella
amazona estdo mais associadas a riachos com maiores médias de altura da incis@o circundados por
floresta, enquanto espécies como Hyphessobrycon bentosi, Pyrrhulina aff. brevis e Aequidens
tetramerus estdo mais associadas a riachos com maior porcentagem de substrato finos, proximos de

areas de monocultura de palma de dendé. Por outro lado, espécies como Curimatopsis crypticus €
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Gnathocharax steindachneri estdo mais associados a riachos com maior porcentagem de raizes finas

no substrato, proximo de areas de pastagem (Figura 3B).

Discusséo

No presente estudo, verificamos que a plantagao de palma de dendé€ afeta as caracteristicas
do habitat fisico e, consequentemente, a distribuicao das espécies de peixes de riachos na Amazonia
Oriental. Os resultados obtidos confirmam a hipotese inicial de que a substitui¢do da floresta pela
monocultura de palma de dendé€ altera a estrutura do habitat fisico de riachos. Observamos ainda
que as principais caracteristicas afetadas estdo relacionadas com a presenca de impacto humano
(proporg¢do de impacto humano), a morfologia do canal (média da altura da incisdo) e a estrutura do
substrato (porcentagem de imersdo) desses riachos. E com isso, a distribuicdo e abundancia das
espécies de peixes também sao afetadas, principalmente pela alteragdao no habitat fisico dos riachos
decorrente dessa atividade agricola, como a média da altura da incisdo, porcentagem de imersao do
substrato, média da largura do leito sazonal e porcentagem de raizes finas.

Esses resultados corroboram os de outros estudos que ja mostraram que atividades agricolas
afetam negativamente as caracteristicas naturais dentro das bacias de drenagem (Heartsill-Scalley
and Aide 2003; Santos et al. 2015; Luke et al. 2017). Com o crescimento da monocultura de palma
de dendé ao redor do mundo, diversos trabalhos evidenciaram que esta pratica altera o meio
ambiente (Obidzinski et al. 2012; Juen et al. 2016) e consequentemente a biodiversidade (Fitzherbert
et al. 2008; Faruk et al. 2013; Azhar et al. 2014). As principais altera¢cdes ambientais associadas a
monocultura do dendé estdo relacionadas com a supressdo da vegetagcdo nativa, que reduz a
diversidade vegetal, afetando diversos grupos taxondmicos (Fitzherbert et al. 2008).

Neste estudo, verificamos que a mudanga na paisagem, onde areas antes florestadas deram
lugar a diversos usos de solo, em especial a palma de dend€ e a areas de pastagem, diminui a altura
da incisdo nos riachos, além de aumentar o aporte de sedimentos finos oriundos do ambiente
terrestre. Esse resultado corrobora o de Reusser et al. (2015), que constataram que a taxas de erosao
e sedimentacdo de bacias de drenagem sao altamente influenciadas pelas atividades humanas. Uma
vez que os impactos nas caracteristicas naturais da paisagem modificam a estrutura do solo e
aumentam a ocorréncia de processos erosivos, resultando na sedimentagdo desses corpos d’agua
(Simon and Rinaldi 2006; Restrepo et al. 2015).

Outra importante modificacao causada por atividades agricolas € a construcao e ampliagdo
da rede rodoviaria para facilitar o acesso e escoar a produgdo, o que aumenta a probabilidade de
erosdo e sedimentacdo dos riachos proximos (Gucinski et al. 2001; Wantzen and Mol 2013). Neste
estudo constatamos que atividades associadas a pratica agricola também constituem uma ameaca a

manutencdo das caracteristicas naturais dos riachos. Esta ameaga ocorre devido a proximidade entre
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os riachos e as rodovias, que na maioria das vezes ndo sao pavimentadas, acumulando sedimentos
finos que podem ser carreados para os corpos d’agua, resultando assim em uma modificagdo da
estrutura e composi¢ao do substrato dos riachos (Forman and Alexander 1998; Croke and Mockler
2001).

Em relacdo a biodiversidade aquatica, verificamos que as mudancas nas caracteristicas
morfologicas dos riachos, oriundas da modificagdo na paisagem adjacente, afetam a distribui¢do das
espécies, uma vez alteracdes na largura sazonal, bem como na altura da incisdo se revelaram
importantes na estruturacao das assembleias de peixes. Os principais fatores que impulsionam essas
alteracdes sao o nivelamento e compactagao do solo para o plantio (Brye et al. 2005), bem como o
aumento da entrada de sedimento fino nos riachos (Wantzen and Mol 2013). Quando associadas,
essas duas alteragcdes diminuem a largura maxima que o riacho pode alcancar no periodo de cheia,
o que resulta em uma reducdo no aporte de matéria organica aloctone, bem como a oferta de micro-
habitat para as assembleias de peixes (Allan et al. 1997).

Além das caracteristicas morfoldgicas dos riachos, a composicdo do substrato também ¢
fundamental na estruturagdo das assembleias de peixes (Kaufmann and Hughes 2006). Nesse
sentido, verificamos que a propor¢ao de substrato fino foi maior em riachos circundados por areas
de monocultura de palma de dendé. Isso se deve a processos ja explicados anteriormente, como a
compactagdo do solo e a construcao de estradas proximas aos riachos. Com isso, a heterogeneidade
do substrato ¢ alterada, uma vez que uma camada de sedimento fino ¢ depositada no fundo desses
corpos d’agua, diminuindo a oferta de habitat e nutrientes associados aos diversos componentes do
substrato, como folhas, raizes, galhos e pedras (Allan, 2004). Como consequéncia, a ictiofauna
associada a esta diversidade de componentes associados ao fundo dos riachos tende a ser impactada,
uma vez que a reducao nesses recursos interfere no equilibrio da comunidade como um todo (Wood
and Armitage, 1997; Sutherland et al. 2002).

Outros estudos evidenciaram resultados semelhantes ao encontrados neste trabalho, por
exemplo, Rawi et al. (2013) em estudo conduzido na Malasia, constataram que a diversidade de
insetos aquaticos € menor em riachos préoximos a palma de dendé quando comparados com riachos
em areas florestadas e riachos proximos a estradas. Os autores identificaram ainda que os impactos
na estrutura da vegetagdo riparia aumentam a quantidade de sedimento nos riachos, diminuindo a
quantidade de oxigénio dissolvido na agua, afetando a distribui¢do dos insetos aquaticos. Em outro
estudo, desenvolvido na Indonésia, Giam et al. (2015) registraram perda de espécies e redugao da
biomassa em riachos impactados pelo plantio de dendé, além da perda de grupos funcionais
associados as caracteristicas do substrato, que de acordo com os autores, ¢ um dos principais

impactos sofridos pelos riachos quando a vegetacao riparia ¢ modificada.
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Na Amazdnia, em estudos avaliando as assembleias de macroinvertebrados aquaticos, Cunha
et al. (2015) e Paiva et al. (2017) registraram que as modificacdes no habitat fisico acarretam
diferengas na composicao, riqueza e abundancia de insetos em riachos que drenam plantacdes de
dendé€, quando comparados com riachos que drenam fragmentos florestais. Corroboraram assim, os
resultados encontrados neste estudo, onde as mudancas na estrutura das comunidades estdao
associadas as mudancas na caracteristica do habitat fisico. Em outro estudo realizado na regido
Amazodnica, Ferreira et al. (2018) constataram que a monocultura de palma de dendé afeta o habitat
fisico de riachos, as caracteristicas fisico-quimicas da 4gua, bem como a estrutura das assembleias
de peixes. Por outro lado, a quantidade de sedimento fino aumentou em areas de plantagdes de dendé,
corroborando com o resultado obtido nesta pesquisa. Por outro lado, os autores identificaram ainda
que a oferta de madeira nos riachos ¢ afetada negativamente pela plantacao de dend€, o que nao foi
encontrado no presente estudo. Esse fato pode ser explicado pela presenca de vegetacado riparia que,
mesmo em areas que sofrem impacto da monocultura, ainda fornecem fragmentos de madeira para
os riachos.

Diante do exposto, evidenciamos que os impactos ambientais derivados da expansdo do
dendé na regido amazolnica ndo sdo restritos apenas ao ambiente terrestre, se estendendo aos
ecossistemas aquaticos. As principais alteragdes associadas a esta pratica agricola na regido, se
refletem na estrutura do habitat fisico dos riachos, modificando a oferta de micro-habitat, além de
mudancas morfologicas no leito desses riachos. Como consequéncia, a exemplo da fauna terrestre,
a biodiversidade aquatica também sofre impactos na estrutura de suas comunidades, registrando
alteragdes na composicao e abundancia desses organismos.

Com o estabelecimento da monocultura de palma de dendé na Amazonia, e seu constante
processo de expansao, a necessidade de estudos avaliando os impactos ambientais provocados por
esta atividade sdo cada vez mais importantes, subsidiando a elaboragdo de politicas publicas de
mitigacdo de impactos, bem como de preservag¢do do patrimdnio natural da regido. Nesse contexto,
a estrutura dos riachos e sua biodiversidade devem ser priorizados, pois sdo responsaveis por
diversos processos ecossistémicos, como controle de temperatura e umidade, ciclagem de nutrientes
e equilibrio da cadeia alimentar, além de responderem de forma sensivel e efetiva na avaliagdo de

impactos ambientais provocados por atividades humanas.
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Material suplementar S1 Descricdo dos métodos de amostragem de cada variavel do habitat fisico

de riachos da Amazonia Oriental.

Grupos

Variavel do habitat fisico

Metodo de amostragem

Morfologia do

Profundidade média do
talvegue (cm)

Desvio padréo da
profundidade do talvegue
(cm)

Média da largura do leito
sazonal (m)

Medida na parte mais profunda (talvegue) do riacho,
tomada entre distancias de um metro, totalizando 150
medidas ao longo do trecho amostrado;

Calculado a partir da dispersdo das medidas em relacéo a
profundidade média do talvegue;

Calculada utilizando a largura maxima que o riacho pode
atingir no periodo de cheia. E medida em cada secéo

canal transversal, totalizando 11 medidas no trecho amostrado;
Média Altura Inciséo (m) Medida estl.mada da profundidade do vale em que o riacho
se encontra;
< Calculada utilizando as medidas de largura e profundidade,
Raz&o Largura /
) mensuradas a cada metro ao longo do trecho amostrado,
Profundidade no Trecho . . .
totalizando 150 medidas de cada uma;
Média de imersdo (Canal + Estimativa visual da quantidade de sedimentos finos (<
Margens) (%) 2mm) depositado no fundo dos riachos;
Mensuradas em cinco pontos equidistantes (margem
Substrato fino (%) direita, centro-direita, centro, centro-esquerda e margem
esquerda);
Matéria organica total (%) O mesmo do anterior;
Madeira (%) O mesmo do anterior;
Substrato . : .
Raizes finas (%) O mesmo do anterior;
Banco de folhas (%) O mesmo do anterior;
Média do tamanho do Medido nas secOes transversais, organizados em sete
substrato categorias: >4000mm; >250 a 4000; >64 a 250; >16 a 64;
>2 a 16; >0,06 a 2; <0,06;
Desvio padréo do tamanho Calculado a partir da dispersdao das medidas em relacéo a
do substrato média do tamanho do substrato;
_ Fluxo répido (%) Qal_culado a par~t|r das porcentagens de trechgs com fluxo
Unidade de rapido em relacdo aos 150 metros amostrados;
canal Velocidade e volume de agua ao longo do riacho, medido

(Fluxo de agua)

Sequéncia de fluxos
rapidos, suaves e piscinas

de forma categorica a cada metro ao longo dos 150 metros
amostrados;

Estrutura da
vegetacdo
riparia

Média de cobertura riparia
total

Desvio padréo de cobertura
riparia total

Mensuradas através de estimativas visuais, considerando
uma area de 10m? em cada secéo transversal, em ambas as
margens do canal;

Calculado a partir da disperséo das estimativas em relagéo
a média da cobertura ripéria total;
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Desvio padréo de cobertura Calculado a partir da dispersdo das estimativas em relacéo

lenhosa

a média da cobertura riparia por vegetais lenhosos;

Madeira

Volume Madeira grande no

Leito

Numero Madeira pequena

no leito

Volume Madeira grande
dentro e acima do leito

Volume de madeira, medindo mais de 50cm de diametro e
acima de 1m de comprimento, dentro do leito do riacho;

Quantidade de madeira, medindo entre 10cm e 50cm de
didmetro na maior largura e até 100cm de comprimento,
dentro do leito do riacho;

Volume de madeira, medindo mais de 50cm de didmetro e
acima de 1m de comprimento, dentro e acima do leito do
riacho;

Abrigo para
organismos
aquaticos

Média Abrigo - Madeira
Grande

Média Abrigo - Arvores
Vivas

Média Abrigo - Margem
Escavada

Proporgdo Abrigo -
Arvores Vivas

Proporgéo Abrigo -
Margem Escavada

Estimativa visual da quantidade de madeira grande (> 30cm
de didametro) em um trecho de cinco metros a montante e a
jusante da secéo transversal;

Estimativa visual da quantidade de arvores vivas em um
trecho de cinco metros a montante e a jusante da secédo
transversal;

Estimativa visual da quantidade de margem escavada em
um trecho de cinco metros a montante e a jusante da secéo
transversal;

Estimativa visual da quantidade de arvores vivas em relacédo
ao percentual total deste trecho;

Estimativa visual da quantidade de margem escavada em
relacdo ao percentual total deste trecho;

Influéncia
humana

Proporcéo de impacto
humano

Estimada de forma qualitativa (presenca ou auséncia) em
uma area de 100m?em torno da secéo transversal em ambas
as margens do canal. As categorias avaliadas foram:
canalizacdo/ barramento, construcdes, estradas, rodovias/
ferrovias, canos (captacéo/ descarga), entulho/ lixo, parque/
gramado e desmatamento.




78

Material suplementar S2 Fei¢des do uso de solo identificados e quantificados em buffers de 300
m ao redor dos riachos amostrados na Amazonia Oriental, Para, Brasil. Os valores exibidos estdo

em porcentagem.

Unidade Palmade Areade Solo
Floresta ~
amostral dendé Pastagem exposto
P10P2 31,6 68,4 0 0
P16P8 22,3 77,7 0 0
P20P12 40,4 56 0 3,6
P21P13 42,9 57,1 0 0
P22F9 100 0 0 0
P23F10 100 0 0 0
P24P14 36,8 63,2 0 0
P25P15 77,1 22,9 0 0
P27P17 16,9 83,1 0 0
P2F2 100 0 0 0
P30P20 25,8 74,2 0 0
P31P21 55,7 44,3 0 0
P32P22 41,8 55,7 0 2,5
P34F12 74,8 0 0 25,2
P35F13 100 0 0 0
P36F11 99 0 0 1
P37P24 41,9 58,1 0 0
P3F3 100 0 0 0
P5F5 100 0 0 0
P6F6 100 0 0 0
P7F7 73,9 26,1 0 0
POP1 17,0 83 0 0
PALMO3 48,4 51,6 0 0
PALM12 33,9 66,1 0 0
PALM16 31,2 23,7 26,3 0
PALM18 81,9 18,1 0 0
PALM19 73,4 26,6 0 0
PALM20 17,4 82,6 0 0
PALM2016-1 19,3 80,7 0 0
PALM2016-2 34,2 48,4 17,4 0
PALM2016-3 61,9 38,1 0 0
PALM22 18,8 81,2 0 0
PST_TA 01 22,1 0 77,9 0
PST TA 02 63,7 18,1 18,3 0
PST_TA 03 0 0 100 0
PST _TA 04 10,8 0 89,2 0
PST_TA 05 34,5 0 65,5 0
PST _TA 06 22,4 0 77,6 0
PST TA 08 66,1 0 33,9 0
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Material suplementar S3 Lista de espécies de peixes coletadas nos anos de 2012, 2013, 2015 e

2016 em igarapés da Amazonia Oriental. As espécies destacadas (*) foram retiradas das analises.

Téxon Abundéancia Cddigo
Beloniformes
Belonidae
Potamorrhaphis sp.* 1 Pot_sp
Characiformes
Acestrorhynchidae
Gnathocharax steindachneri Fowler, 1913 9 Gna_ste
Characidae
Hemigrammus bellottii (Steindachner, 1882) 450 Hem_bel
Hemigrammus geisleri Zarske and Géry, 2007 11 Hem_gei
Hemigrammus ocellifer (Steindachner, 1882) 214 Hem_oce
Hyphessobrycon bentosi Durbin, 1908 6 Hyp_ben
Hyphessobrycon heterorhabdus (Ulrey, 1894) 1870 Hyp_het
Moenkhausia collettii (Steindachner, 1882) 8 Moe_col
Moenkhausia comma Eigenmann, 1908 14 Moe_com
Moenkhausia sp.* 1 Moe_sp
Crenuchidae
Ammocryptocharax elegans Weitzman and Kanazawa, 1976 6 Amm_ele
Characidium sp. 4 Cha_sp
Crenuchus spilurus Giinther, 1863 154 Cre_spi
Melanocharacidium dispilomma Buckup, 1993 5 Mel_dis
Microcharacidium weitzmani Buckup, 1993 3658 Mic_wei
Curimatidae
Curimatopsis crypticus Vari, 1982 3 Cur_cry
Erythrinidae
Erythrinus erythrinus (Bloch and Schneider, 1801) 51 Ery ery
Hoplias curupira* Oyakawa and Mattox, 2009 2 Hop_cur
Hoplias malabaricus (Bloch, 1794) 23 Hop_mal
Gasteropelecidae
Carnegiella strigata (Glinther, 1864) 123 Car_str
Iguanodectidae
Bryconops caudomaculatus* (Gunther, 1864) 1 Bry_cau
Iguanodectes rachovii Regan, 1912 372 Igu_rac
Lebiasinidae
Copella arnoldi (Regan, 1912) 1325 Cop_arn
Nannostomus eques Steindachner, 1876 11 Nan_equ
Nannostomus nitidu* Weitzman, 1978 2 Nan_nit
Nannostomus trifasciatus Steindachner, 1876 141 Nan_tri
Pyrrhulina aff. brevis Steindachner, 1876 191 Pyr_bre
Cyprinodontiformes
Rivulidae
Anablepsoides urophthalmus (Glnther, 1866) 270 Ana_uro
Laimosemion strigatus (Regan, 1912) 416 Lai_str

Gymnotiformes
Gymnotidae



Gymnotus carapo Linnaeus, 1758
Gymnotus coropinae Hoedeman, 1962
Gymnotus sp.
Hypopomidae
Brachyhypopomus beebei (Schultz, 1944)
Brachyhypopomus brevirostris (Steindachner, 1868)
Brachyhypopomus bullocki Sullivan and Hopkins, 2009
Brachyhypopomus sp.1
Brachyhypopomus sp.2
Hypopygus lepturus Hoedeman, 1962
Microsternarchus bilineatus Fernandez-Yépez, 1968
Steatogenys elegans (Steindachner, 1880)
Rhamphichthyidae
Gymnorhamphichthys petiti Géry and Vu, 1964
Sternopygidae
Eigenmannia trilineata Lopez and castello, 1966
Sternopygus macrurus (Bloch and Schneider, 1801)
Cichliformes
Cichlidae
Acaronia nassa (Heckel, 1840)
Aequidens tetramerus (Heckel, 1840)
Apistogramma agassizii (Steindachner, 1875)
Apistogramma gr. regani Kullander, 1980
Crenicara punctulatum (Glnther, 1863)
Crenicichla gr. saxatilis (Linnaeus, 1758)
Crenicichla reticulata (Heckel, 1840)
Crenicichla sp.*
Geophagus sp.*
Hypselecara temporalis* (Glnther, 1862)
Nannacara taenia Regan, 1912
Perciformes
Polycentridae
Monocirrhus polyacanthus* Heckel, 1840
Siluriformes
Aspredinidae
Bunocephalus coracoideus (Cope, 1874)
Auchenipteridae

Tetranematichthys barthemi* Peixoto and Wosiacki, 2010

Callichthyidae
Callichthys callichthys* (Linnaeus, 1758)
Megalechis thoracata (Valenciennes, 1840)
Cetopsidae
Denticetopsis epa* Vari, Ferraris and de Pinna, 2005
Helogenes marmoratus Ginther, 1863
Heptapteridae

Gladioglanis conquistador Lundberg, Bornbusch and Mago-Leccia,

1991
Mastiglanis asopos Bockmann, 1994

41

133
16
29
59
30

108
54
18

365

69
249
1326

NN - 01 01T W

223

34

397

273
41
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Gym_car
Gym_cor
Gym_sp

Bra_bee
Bra_bre
Bra_bul
Bra_spl
Bra_sp2
Hyp_lep
Mic_bil
Ste ele

Gym_pet

Eig_tri
Ste_mac

Aca_nas
Aeq_tet
Api_aga
Api_reg
Cre_pun
Cre_sax
Cre_ret
Cre_sp
Geo_sp
Hyp_tem
Nan_tae

Mon_pol

Bun_cor
Tet_bar

Cal_cal
Meg_tho

Den_epa
Hel_mar

Gla_con
Mas_aso



Phreatobius cisternarum* Goeldi, 1905

Rhamdia quelen (Quoy and Gaimard, 1824)
Loricariidae

Ancistrus sp.*

Farlowella amazona (Glinther, 1864)

Otocinclus mura Schaefer, 1997

Rineloricaria hasemani Isbriicker and Nijssen, 1979
Pseudopimelodidae

Batrochoglanis raninus* (Valenciennes, 1840)
Trichomycteridae

Ituglanis amazonicus (Steindachner, 1882)

Paracanthopoma parva Giltay, 1935

Potamoglanis hasemani (Eigenmann, 1914)

Synbranchiformes

Synbranchidae

Synbranchus marmoratus Bloch, 1795

14

27
44
12

106
61
780

30

Phr_cis
Rha_que

Anc_sp
Far_ama
Oto_mur
Rin_has

Bat_ran
Itu_ama

Par_par
Pot_has

Syn_mar
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* Espécies excluidas das analises
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CAPITULO 3

A influéncia da monocultura de palma de dendé
na estrutura funcional das assembleias de peixes

de riachos Amazonicos

O capitulo 1l desta tese foi
elaborado e formatado conforme
as normas da publicacéo cientifica
Ecological Indicators, as quais se
encontram em anexo (Anexo 3)
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Tiago Octavio Begot!?3; Naraiana Loureiro Benone!; Luis Barbosa*; Luciano Fogaca Montag!
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Resumo

Na Amazonia, a constante expansdo da monocultura de dendé contitui uma possivel ameaca aos
ecossistemas aquaticos, ndo somente no nivel abi6tico e na estrutura das comunidades, mas também
nas funcdes desenvolvidas pelos organismos que habitam esses ambientes. Sendo assim, este estudo
tem como objetivo analisar como a monocultura de palma de dendé afeta a diversidade e estrutura
funcional das assembleias de peixes, avaliando as relacdes entre as caracteristicas do habitat fisico
e da paisagem com os atributos funcionais dos peixes de riacho. A hipdltese testada € que a
substituicdo da floresta pela palma de dendé ird atuar como um filtro ambiental, selecionando e
possibilitando a permanéncia de um espectro menor de grupos funcionais, modificando a estrutura
funcional das comunidades e resultando em uma perda de diversidade funcional. Para alcancgar este
objetivo foram amostrados 39 riachos na Amazonia Oriental, que foram caracterizados quanto a
estrutura do habitat fisico e da paisagem adjacente. A amostragem das assembleias de peixes se deu
através de rede de mao, e para cada espécie foram determinados os atributos funcionais baseados
em medidas morfologicas (quantitativos) e caracteristicas ecologicas (qualitativos). Com esses
atributos foram calculados o indice de diversidade funcional (FD), bem como a riqueza funcional
(FRic), regularidade funcional (FEve) e divergéncia funcional (FDiv), que posteriormente foram
relacionados com as caracteristicas da paisagem adjacente aos riachos. Ao todo foram amostrados
13.942 individuos de peixes, pertencentes a 74 espécies. Nao foi registrada qualquer relagao entre
as medidas de diversidade funcional e a quantidade de palma de dendé no entorno dos riachos,
refutando a hipdtese inicial. Por outro lado, tanto as caracteristicas do habitat fisico, quando as da
paisagem, afetaram a composi¢do taxondmica das assembleias de peixes. A estrutura funcional das
assembleias de peixes se manteve mesmo quando espécies foram substituidas. Esse padrao ¢
justificado pela alta diversidade (taxonomica e funcional) de peixes na Amazdnia, onde existe uma
grande quantidade de espécies diferentes desenvolvendo fungdes semelhantes no ecossistema.

Palavras-chave: Impacto humano, filtro ambiental, ictiofauna neotropical, paisagem, Amazonia.


mailto:tbegot@gmail.com

84

1. Introducéo

Os impactos ambientais ocasionados por atividades humanas constituem uma das principais
ameacas a biodiversidade, se ndo a maior (Bojsen and Barriga, 2002; Laurance et al., 2014). Em
varios paises estes impactos atingiram uma escala total de destruicdo dos habitat naturais e perda de
biodiversidade e, em alguns casos, extin¢6es locais e/ou regionais de espécies (Sodhi et al., 2004;
Wilcove and Koh, 2010; Su et al., 2015).

Na Amazonia, diversas atividades humanas vém sendo desenvolvidas ao longo dos anos e séo
consideradas uma ameaca real a maior biodiversidade registrada no planeta (Vieira et al., 2009;
Almeida et al., 2016; Arantes et al., 2017). Com isso, a necessidade de entender como 0 ecossistema
responde aos impactos, é uma ferramenta indispensavel na elaboracéo de estratégias mais eficientes
na mitigacdo dos impactos ambientais e, consequentemente, na manutencdo das caracteristicas
naturais do ambiente (Vitule et al., 2017). Dentre as principais atividades antropicas desenvolvidas
na Amazonia, o cultivo de palma de dendé é o que mais cresce nos ultimos anos (FAO, 2015; Farumo
and Aide, 2017), com isso, a busca pelo entendimento de como essa expanséo afeta a biodiversidade
se tornou uma prioridade na regido (Lees et al., 2015; Juen et al., 2016).

Diante deste cenario, analisar a estrutura da comunidade baseado em padrdes de distribuicéo,
rigueza e abundancia ainda séo ferramentas validas para avaliar como os impactos ambientais afetam
a biodiversidade (Harris et al., 1995). Porém, outras abordagens vém ganhando espaco nos ultimos
anos, principalmente no que diz respeito a diversidade funcional, ou seja, as fun¢Bes ecoldgicas
desenvolvidas pelos organismos em seus habitat naturais (Villéger, 2008; Prescott et al., 2016;
Leitdo et al., 2017). Esta abordagem consiste em uma estratégia sensivel para detectar respostas das
assembleias bioldgicas as mudancgas ambientais, sejam elas naturais ou impulsionadas por atividades
antrdpicas (Violle et al., 2007; Silva and Brandao, 2014).

De acordo com Tilman (2001), diversidade funcional pode ser definida como o valor e a
variacdo das espécies, e de suas caracteristicas, que influenciam o funcionamento das comunidades
naturais. Medir a diversidade funcional significa medir a diversidade de atributos funcionais, que
sdo componentes dos fendtipos dos organismos e que influenciam os processos da comunidade,
independentemente da filogenia dos organismos (Petchey and Gaston, 2006). Nesse sentido, a
estrutura funcional pode ajudar a esclarecer os processos que determinam o funcionamento das
comunidades, pois € um conceito que liga organismos e comunidades por meio de mecanismos,
como complementaridade no uso de recursos disponiveis (Petchey and Gaston, 2006). O uso da
diversidade funcional em trabalhos ecoldgicos possibilita, ainda, prever quais processos
ecossistémicos sdo mais suscetiveis aos impactos ambientais e como isso afeta a biodiversidade
(Pavoine et al., 2009; Prescott et al., 2016).
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Sendo assim, as medidas de diversidade funcional evidenciam o quanto as espécies sao
semelhantes ou distintas, funcionalmente, indicando como as comunidades sdo estruturadas de
acordo com o banco regional de espécies (Petchey et al., 2007). Esta estruturagdo é comumente
derivada do mecanismo denominado filtros ambientais, onde as espécies coexistentes tendem a ser
mais similares do que se esperaria pelo acaso, pois as condi¢cbes ambientais atuam como um filtro,
ou seja, selecionam e possibilitam a persisténcia de um espectro relativamente pequeno dos atributos
funcionais das espécies (Keddy, 1992; Mouchet et al., 2010). Esse mecanismo de estruturacao das
comunidades é apoiado pela teoria do nicho, onde a composicao especifica € influenciada pelas
caracteristicas ecologicas das espécies (Hutchinson, 1975). Sendo assim, valores de diversidade
funcional diferentes do esperado ao acaso apoiariam a teoria do nicho, pois padrdes ndo randémicos
da diversidade de atributos funcionais indicariam a importancia de processos ligados ao nicho das
espécies (Filtros Ambientais) para a composi¢do das comunidades (Petchey et al., 2007).

Diante do exposto, este estudo tem como objetivo analisar o efeito da monocultura de palma
de dendé sobre a diversidade e estrutura funcional das assembleias de peixes, avaliando as relacfes
entre as caracteristicas do habitat fisico e da paisagem com os atributos funcionais dos peixes de
riachos na Amazonia Oriental. A hipotese testada é de que a substitui¢do da floresta pela palma de
dendé ird atuar como um filtro ambiental, selecionando e possibilitando a permanéncia de um
espectro menor de grupos funcionais, modificando a estrutura funcional das comunidades e

resultando em uma perda de diversidade funcional.

2. Material e Métodos
2.1. Area de estudo e desenho amostral

O estudo foi conduzido na Amazoénia Oriental, mais especificamente no Centro de
Endemismo Belém (CEB), localizado na mesorregido do Nordeste do estado do Para, onde esta
concentrada a maior parte da producdo de palma dendé na Amazonia (Reis-Neto, 2010).

O CEB, com aproximadamente 243.000 km?, constitui um extenso mosaico de &reas
preservadas e alteradas, uma vez que 28% do territorio do CEB é constituido de floresta ombréfila
e 72% desse territorio foi convertido em diversos usos de terra, entre ele a agropecuaria com mais
de 79.000 km2 (32,4%) é a mais representativa, enquanto que a palma de dendé apresenta
aproximadamente 3.200 km? (1,3%) de area plantada (Almeida and Vieira, 2013). O clima na regido
¢ tropical imido, do subtipo ‘Af’, segundo a classificagdo de Koppen (Peel et al., 2007). A
temperatura média na regido ¢ de 26°C, com uma umidade relativa do ar atingindo 85% (Oliveira et
al., 2002).

No total foram amostrados 39 riachos, de primeira a terceira ordem, de acordo com a

classificacdo de Strahler (1957), na bacia do Rio Acara (Figura 1). As amostras ocorreram sempre
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no periodo de seca na regido (entre os meses de junho e novembro), nos anos de 2012, 2013, 2015
e 2016. A padronizacdo do periodo hidrologico ¢ necessaria para evitar possiveis alteragdes,
resultante de variagdes sazonais, tanto em aspectos estruturais e funcionais da ictiofauna, como na
padronizacdo do método de coleta e caracterizacdo ambiental dos riachos (Jaramillo-Villa and

Caramaschi, 2008).
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Fig. 1. Localizagao geografica dos riachos amostrados nos anos de 2012, 2013, 2015 e 2016 na bacia

do Rio Acara, na Amazonia Oriental, Para, Brasil.

2.2. Coleta de dados

As variaveis do habitat fisico foram amostradas de acordo com um extenso protocolo de
avaliagdo de riachos proposto por Peck et al. (2006). Ao todo foram mensuradas oito variaveis do
habitat fisico, sendo estas: média da largura do leito sazonal (XBKF_W), média altura incisdo
(XINC_H), média de imersdo do substrato (XEMBED), porcentagem de raizes finas (PCT_RZ),
média da cobertura riparia total (XCMG), nimero de madeira pequena no leito (C1W_MSQ), média
de abrigo por madeira grande (XFC_PMG) e proporcdo de impacto humano (X_HNOAG). Os
métodos de amostragem, bem como os valores médios e desvio padrdo, de cada variavel do habitat
fisico estdo descritos na Tabela S1, Material suplementar — Capitulo 3.

Para cada riacho amostrado, além das variaveis do habitat fisico, as caracteristicas da
paisagem também foram mensuradas, com base na quantificagdo da cobertura vegetal e dos usos de

solo adjacentes a esses corpos d’agua. Esta quantificacdo ¢ feita em porcentagens, por meio da
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elaboragdo de areas de influéncias (buffers). Onde, primeiramente, foi delimitada a area da
Amazodnia Oriental e a rede de drenagem dos igarapés amostrados, com base nas coordenadas
geograficas obtidas em campo, utilizando o software ArcGIS 10.1 (ESRI, 2011). Em seguida, a rede
de drenagem foi revisada por imagens dos satélites RapidEye (RapidEye, 2015), Indian Remote
Sensing (IRS, INPE, 2016) e por imagens do software Google Earth de 2016. As areas de influéncia
foram entdo delimitadas no entorno dos pontos amostrados, em um formato circular, com diametro
medindo 300 metros. Posteriormente as fei¢des dos usos de solo foram classificadas, com base em
uma adaptacao do proposto por Molina et al. (2017), em: I) Floresta: areas ocupadas por florestas
nativas em diferentes estagios; II) Monocultura de palma de dend€: areas ocupadas por palmeiras de
dendé, em diferentes anos de plantio; III) Pastagem: areas cobertas por gramineas e/ou ocupadas por
pecudria intensiva e extensiva; IV) Solo exposto: dreas com solo desprotegido, sem vegetagdao ou
outro uso (Tabela S2, Material suplementar — Capitulo 3).

Em relacdo a ictiofauna, os individuos foram capturados por busca ativa utilizando redes de
mao com 60 cm de diametro e malha de 3mm entre nds opostos. A rede de mao ¢ um método de
coleta ativa comumente utilizada na amostragem de peixes de pequenos riachos tropicais (Hayes,
1983; Uieda and Castro, 1999). O esfor¢o amostral foi padronizado em dois coletores, totalizando
seis horas de amostragem por trecho de igarapé (150 m). Os espécimes coletados foram submetidos
a doses letais do anestésico Eugenol (American Veterinary Medical Association, 2001) e
posteriormente fixados em formalina 10% por aproximadamente 48 horas e em seguida conservados
em solu¢do de alcool 70%. Em laboratdrio, os peixes foram triados e identificados com literatura
especializada (Géry, 1977; Kullander, 1986) e com o auxilio de especialistas dos diferentes grupos
taxondmicos. Posteriormente, o material bioldgico serd tombado na Colegdo Ictiologica do Museu

Paraense Emilio Goeldi (MCT/MPEG), Belém, Brasil.

2.3. Atributos funcionais

Os atributos funcionais foram obtidos através de dados qualitativos, considerando
caracteristicas ecoldgicas e da historia de vida dos peixes, bem como dados quantitativos, levando
em consideracdo as caracteristicas morfologicas dos peixes (Gatz, 1979; Watson & Balon, 1984;
Pouilly et al., 2003; Ohlberger et al., 2006). Estas abordagens sdo bastante utilizadas e respondem
bem as modificacbes na comunidade resultantes de alteracbes ambientais (Winemiller, 1991;
Wainwright et al., 2002).

As caracteristicas qualitativas foram obtidas com base na literatura (Wainwright et al., 2002;
Frimpong and Angermeier, 2009; Brejdo et al., 2013; Winemiller et al., 2015), levando em

consideracdo guilda trofica, uso de habitat, capacidade natatoria e habitat de forrageio (Tabela 1).
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Tabela 1 Atributos funcionais qualitativos (caracteristicas ecologicas) e quantitativos

(ecomorfologia) das espécies de peixes coletadas na Amazonia Oriental. A descri¢cdo de cada

atributo esta na Tabela S3, Material suplementar — Capitulo 3.

Tipos Categoria Atributo funcional Cadigo
Onivoro ONI
Invertivoro auto- e aléctone INV
Guilda Invert[voro au:[éctone IAU
tréfica Inve(tlvoro aléctone IAL
Carnivoro CAR
Hemato6fago HEM
Perifitivoro PER
Bentonico BEN
Qualitativos Uso de Nect(‘)nicoA _ NEC
habitat Nectob'eptonlco NBT
Superficie SUP
Associado a estruturas AET
Capacidade Sedentéri_q _ SED
natatoria Int_ermedlarlo INT
Ativo ATI
Habitat de  Coluna d'agua CDA
forrageio  Substrato SUB
Posicio na Indice de cqmpresséo do corpo ICC
coluna AItl_Jra relativa AR
d"gua Indl_ce de aplanamento ventral IAV
Posicéo relativa dos olhos PRO
Comprimento relativo do pedunculo caudal CRPC
Quantitativos Capacidade I’pdice de (_:ompresséo dg ped@nculo caudal ICPC
de Area relativa da nadadeira peitoral ARNP
locomogdo  Aspecto proporcional da nadadeira peitoral RANP
Coeficiente de finura CF
Comprimento relativo da cabeca CRC
Forrageio  Largura relativa da boca LRB
Orientacdo da boca OB

Em relacdo as caracteristicas quantitativas, para cada espécie de peixe, foram selecionados

cinco individuos adultos, com tamanhos similares. No entanto, para aquelas espécies que sao

encontradas apenas em estagios intermediarios do ciclo de vida, foram analisados os individuos com

tamanho similar que, neste caso, ainda ndo atingiram a fase adulta. Para as espécies que apresentam

dimorfismo sexual, foram selecionadas apenas as fémeas para as analises, uma vez que 0s machos

apresentam maiores variaces na sua morfologia durante os periodos reprodutivos, como o

desenvolvimento acentuado das nadadeiras (Winemiller, 1987; Pezzanite and Moller, 1998; Py-

Daniel and Fernandes, 2005).

As medidas morfologicas foram realizadas de forma padronizada, sempre do lado esquerdo

do individuo, com o uso de um paquimetro digital de 150 mm com precisdo de 0,1 mm. As areas
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das nadadeiras foram obtidas através do desenho do contorno das mesmas sobre papel milimetrado,
que posteriormente serdo digitalizados e analisados no software Image J (Autodesk, 2004).

Para cada individuo foram tomadas 25 medidas morfologicas (Winemiller, 1991; Soares et al.,
2013), sendo estas: comprimento padrao (CP), altura maxima do corpo (AMC), altura da linha média
do corpo (AM), largura maxima do corpo (LMC), comprimento do pedunculo caudal (CPC), altura
do peddnculo caudal (APC), largura do pedunculo caudal (LPC), largura da cabeca (LC), altura da
cabeca (AC), comprimento da cabega (CC), comprimento do focinho com a boca aberta (CFBA),
comprimento do focinho com a boca fechada (CFBF), altura do olho (AO), altura da boca (AB),
largura da boca (LB), altura da nadadeira dorsal (ALND), altura da nadadeira caudal (ANC),
comprimento da nadadeira anal (CNA), comprimento da nadadeira peitoral (CNP), comprimento da
nadadeira pélvica (CNPV), altura da nadadeira pélvica (ANPV), area da nadadeira caudal (ANC?),
area da nadadeira anal (ANA?), area da nadadeira peitoral (ANP?) e &rea da nadadeira pélvica
(ANPV?) (Figura S1, Material suplementar — Capitulo 3).

A partir dessas medidas, foram calculados 12 atributos funcionais (Tabela 1). Esses atributos
permitem a visualizacdo da funcdo das espécies no ambiente e refletem suas adaptacOes
morfoldgicas (Breda et al., 2005). Os atributos quantitativos foram divididos em trés categorias:
posicao, locomocdo e forrageio (Tabela 1).

A interpretacdo ecoldgica desses atributos funcionais € bem descrita na literatura e reflete
Ccomo 0S peixes ocupam e se comportam nesses ambientes (Gatz, 1979; Winemiller, 1991). Em
relacdo as caracteristicas associadas & posicéo, o Indice de compressdo do corpo mostra que valores
elevados podem indicar peixes comprimidos que preferem habitats com menor velocidade de dgua
(Watson and Balon, 1984); em relacéo a altura relativa, valores menores indicam peixes habitando
aguas rapidas (Gatz, 1979); para o indice de aplanamento ventral, altos valores indicam espécies
associadas a ambientes proximos ao substrato (Watson and Balon, 1984); para a posicao relativa dos
olhos, altos valores indicam olhos dorsais, encontrados normalmente em peixes benténicos (Pouilly
et al., 2003).

Em relacéo as caracteristicas associadas a locomogéo, o comprimento relativo do peddnculo
caudal evidencia que altos valores estdo associados a maior capacidade natatoria ou de propulsao a
curtas distancias (Winemiller, 1991); enquanto que para o indice de compressdo do pedinculo
caudal, valores elevados indicam peixes com pedunculos comprimidos, tipico de peixes com nado
pouco ativo (Gatz, 1979); para a area relativa da nadadeira peitoral, altos valores séo relacionados a
lenta natacdo ou a peixes de aguas turbulentas (Watson and Balon, 1984); o aspecto proporcional da
nadadeira peitoral mostra que altos valores sdo relacionados a espécies migratorias ou de natacéo
continua (Wainwright et al., 2002); por fim, o coeficiente de finura estima que valores de 2 a 6

indicam arraste reduzido; a relacdo 6tima para o nado eficiente é 4,5 (Ohlberger et al., 2006).
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Para os atributos funcionais associados a locomogéo, o0 comprimento relativo da cabeca trata
que altos valores indicam peixes que utilizam presas grandes (Pouilly et al., 2003); para a largura
relativa da boca, altos valores indicam peixes que se alimentam de presas largas (Winemiller, 1991)
e; para a orientacdo da boca, altos valores sdo associados a peixes que se alimentam proximo a
superficie (Gatz, 1979).

2.4. Anélise de dados

Para o célculo da diversidade funcional, os atributos funcionais quantitativos foram
padronizados por apresentarem unidades de medidas distintas. Em seguida a diversidade funcional
foi calculada para cada riacho amostrado utilizando quatro medidas, sendo estas, o indice de
diversidade funcional (FD), que representa comprimento total dos ramos de um dendrograma
funcional da comunidade, representando a complementariedade funcional entre as espécies (Petchey
and Gaston, 2002); a riqueza funcional (FRic), a qual representa a quantidade de funcdes
desenvolvidas pela comunidade, ou seja, 0 nimero de espacos funcionais ocupados (Manson et al.,
2005); a regularidade funcional (FEve), que representa a uniformidade de distribuicdo de
abundancias em um espaco funcional (Manson et al., 2005) e; por Gltimo, a divergéncia funcional
(FDiv) que representa a distribuicdo da abundancia das espécies ao longo do eixo de variacdo de um
atributo funcional (Manson et al., 2005), ou seja, a FDiv sera baixa quando as espécies mais
abundantes forem funcionalmente semelhantes. Esta fragmentacdo da diversidade funcional tem
sido utilizada para uma avaliacdo mais detalhada dos mecanismos de ligacdo entre a diversidade e
o funcionamento do ecossistema. Componentes como volume do espaco funcional, abundéncia
especifica dentro desse espaco e a regularidade funcional nos permite inferir sobre as diferentes
forcas que podem atuar na estruturacdo da biodiversidade, tais como pressdes por filtros ambientais
(Cornwell et al., 2006).

Os valores das quatro medidas de diversidade funcional (FD, FRic, FEve, FDiv) foram
avaliadas separadamente quanto as premissas de normalidade e homocedasticidade. Posteriormente,
para testar a hipotese de que a palma de dendé afeta a diversidade funcional, foram realizadas
regressodes simples utilizando os componentes da diversidade funcional e as porcentagens de palma
no entorno dos riachos. Além disso, para avaliar o efeito conjunto da paisagem adjacente aos riachos,
foi realizada uma Analise de Componentes Principais (PCA) com os valores de cada feicdo da
paisagem, onde o0s eixos foram selecionados de acordo com o método de parada Broken-stick, e em
seguida, relacionado com as métricas da diversidade funcional.

Para testar a hipOtese de que as caracteristicas ambientais (variaveis do habitat fisico e da
paisagem) afetam a estrutura funcional das comunidades foi realizada uma Analise RLQ (Dolédec

et al., 1996). Esta analise consiste em uma técnica multivariada de ordenacdo simultéanea de trés
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matrizes de dados, onde uma matriz corresponde aos descritores ambientais do habitat fisico e da
paisagem (R); uma matriz de abundancia especifica (L) e outra matriz de atributos funcionais (Q).
As matrizes R e Q séo correlacionados com base na matriz L, ou seja, a analise RLQ associa as
variaveis ambientais com os atributos funcionais, considerando a abundancia das espécies de peixes.
Para esta analise, a matriz ambiental foi padronizada e ordenada através de uma Analise de
Componente Principal (PCA). A matriz de abundancia de espécies foi transformada em Logx+1) €
ordenada através de uma Analise de Correspondéncia (CA). Por fim, a matriz funcional, j& com os
valores residuais, foi submetida a uma outra Analise de Componente Principal (PCA). A relacdo
entre as matrizes ambientais (habitat fisico e paisagem) e funcional foi testada através de um teste
de Monte Carlo com 9.999 aleatorizagdes.

Todas as analises foram realizadas através dos pacotes ‘FactomineR’ (Lé et al., 2008) e ‘ade4’

(Dray and Dufour, 2007) do programa R, versao 3.2.0 (R Development Core Team, 2015).

3. Resultados

Foram amostrados 13.942 individuos de peixes, distribuidos em oito ordens, 25 familias e
74 espécies. Onde a ordem mais representativa foi Characiformes (27 espécies, 36% do total),
seguidos por Siluriformes (18 espécies, 24%), Gymnotiformes (14 espécies, 18,6%) e Cichliformes
(11 espécies, 16%). As demais ordens amostradas representam 5,4% das espécies amostradas. Por
outro lado, a familia mais representativa foi Cichlidae (11 espécies, 14,6% do total), seguida por
Characidae (10 espécies, 13,3% do total) e Hypopomidae (8 espécies, 10,6% do total). A espécie
Microcharacidium weitzmani foi a espécie mais abundante, com 3.658 individuos (26,2%), seguida
por Hyphessobrycon heterorhabdus (1.870 individuos, 13,4%), Apistogramma gr. regani (1.326,
9,5%) e Copella arnoldi (1.325, 9,5%) (Tabela S4, Material suplementar — Capitulo 3). As espécies
que apresentaram abundancia total inferior ou igual a dois individuos foram retiradas das analises
(15 espécies), por serem consideradas ocasionais € pouco representativas.

Ao avaliar como a plantacdo de palma de dendé afeta os padrbes de diversidade funcional
das assembleias de peixes, ndo foi possivel identificar qualquer efeito (FD: r?> = 0,017, p = 0,427,
FRic: r?= 0,067, p = 0,110; FEve: r>= 0,015, p = 0,451; FDiv: r>= 0,014, p = 0,460). O mesmo foi
observado utilizando todas as variaveis da paisagem (ndo apenas a porcentagem de palma de dendé),
atraves da Analise de Componentes Principais, onde o primeiro eixo explicou 57% da varia¢ao dos
dados. As regressoes realizadas com o0s scores das amostras neste eixo ndo mostraram relacéo
significante com as medidas de diversidade funcional (FD: r? = 0,043, p = 0,203; FRic: r?= 0,046,
p =0,188; FEve: r>= 0,000, p = 0,975; FDiv: r>= 0,055, p = 0,149) (Figura 2).
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Fig. 2. Regressdo simples utilizando as medidas de diversidade funcional e o primeiro eixo da PCA
realizada com as caracteristicas da paisagem adjacente aos riachos amostrados na Amazénia
Oriental. Onde (A) corresponde ao indice de diversidade funcional, (B) riqueza funcional, (C)

regularidade funcional e (D) divergéncia funcional.

Ao avaliar a relacdo entre os descritores ambientais do habitat fisico com os atributos
funcionais das assembleias de peixes, evidenciou-se que o habitat fisico influencia a composicao
taxonémica das espécies de peixes (RLQ model 2, p=0,011) (Figura 3), no entanto as caracteristicas
do habitat fisico ndo tém qualquer relagdo com a composicdo funcional das assembleias de peixes
(RLQ model 4, p = 0,281). Em relacdo a composic¢do taxonémica, espécies como Rineloricaria
hasemani e Farlowella amazona estéo fortemente relacionadas com a meédia da imersdo do substrato
(XEMBED), ao passo que especies como Gladioglanis conquistador e Gymnotus coropinae
mostraram alta associacdo com a média da altura da incisdo dos riachos (XINC_H) e a oferta de
abrigos por madeira grande (XFC_PMG) (Figura 3). Outras espécies, como Bunocephalus
coracoideus e Rhamdia quelen, mostraram forte relacdo com as médias da cobertura total da
vegetacao riparia (XCMG) e da largura sazonal (XBKF_W). Outras associa¢des entre a composi¢ao

taxondmica dos peixes e as caracteristicas do habitat fisico estdo presentes na Figura 3.
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Fig. 3. Analise RLQ evidenciando a distribuicdo das espécies de peixes (A) e as caracteristicas do
habitat fisico de riachos (B) da Amazénia Oriental. Onde os codigos das espécies estdo na Tabela
S3 (Material Suplementar — Capitulo 3) e os cddigos das variaveis do habitat fisico estdo na Tabela
S1 (Material Suplementar — Capitulo 3). As espécies que apresentaram loadings menores que 0,7

foram omitidas do grafico para facilitar a interpretagao.

O mesmo foi observado ao avaliar a relacdo das caracteristicas da paisagem com os atributos
funcionais, onde evidenciou-se que apenas a composi¢do taxonémica (RLQ model 2, p = 0,030)
sofre influéncia das caracteristicas da paisagem, enquanto que a composicdo funcional (RLQ model
2, p = 0,071) ndo sofre qualquer influéncia. E possivel observar ainda que as espécies Rineloricaria
hasemani e Farlowella amazona estdo mais associadas com ambientes degradados por atividades
de pastagem. Enquanto que as espécies Bunocephalus coracoideus, Mastiglanis asopos e Rhamdia
quelen, mostraram forte associagcdo com riachos influenciados pela palma de dendé, ao passo que as
espécies Gladioglanis conquistador, Ituglanis amazonicus e Gymnotus coropinae mostraram maior

associagcao com os riachos circundados por florestas primarias (Figura 4A e 4C).
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Fig. 4. Anélise RLQ evidenciando a distribuicdo das espécies de peixes (A) e as caracteristicas da
paisagem adjacente aos riachos (B) da Amazonia Oriental. Onde os codigos das espécies estdo na
Tabela S3 (Material Suplementar — Capitulo 3). Para facilitar a interpretacdo dos graficos, foram

omitidas as espécies que apresentaram loadings menores que 0,7.

4. Discusséo

De acordo com os resultados obtidos, a monocultura de palma de dendé afeta a estrutura do
habitat fisico, bem como a distribuicdo das espécies, alterando a composicdo taxonémica das
assembleias de peixes de riachos amazoOnicos. Porém, a diversidade e estrutura funcional das
assembleias de peixes sdo mantidas mesmo em areas que apresentam altas porcentagens de
plantacdo de palma de dendé. Sendo assim, refutamos a hipétese inicial, pois, embora a palma de
dendé afete a distribuicdo das espécies, esta monocultura ndo atua como um filtro ambiental na
funcionalidade do ecossistema aquético, uma vez que ndo foram registradas alteracGes funcionais
para as espécies nos riachos amostrados.

Alteracdes na estrutura do habitat fisico, bem como na biodiversidade, decorrentes de praticas
agricolas ja s@o conhecidas (Fitzherbert et al., 2008). E por se tratar de uma atividade comum em
diversos paises (Turner et al., 2011; Farumo and Aide, 2017), vérios estudos ao redor do mundo
identificaram impactos da monocultura de palma de dendé na biodiversidade, abrangendo os mais
diversos grupos bioldgicos, desde bactérias do solo (Lee-Cruz et al., 2013), artropodes (Turner and
Foster, 2009), invertebrados aquaticos (Rawi et al., 2013, Luiza-Andrade et al., 2017), peixes (Giam
etal., 2015; Ferreira et al., 2018), anfibios (Faruk et al., 2013; Correia et al., 2015), aves (Aratrakorn
et al., 2006; Almeida et al., 2016) e mamiferos (Freudmann et al., 2015; Yue et al., 2015; Mendes-
Oliveira et al., 2017).

No entanto, em relagdo a Amazonia, a maioria dos estudos voltados para avaliagcdo do impacto

da expanséo do plantio de dendé ainda sdo recentes (Correa et al., 2015; Almeida et al., 2016; Juen
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et al., 2016; Ferreira et al., 2018), reforcando a necessidade e importancia de estudos que avaliem
as consequéncias da expansdo do dendé na Amazénia. Além do mais, a necessidade de estudos
ecoldgicos na Amazonia é ainda maior quando comparados com o que ocorreu no sudeste asiatico
durante o processo de expansao do plantio de dendé naquela regido, onde foram registradas drasticas
modificacfes na paisagem e consequentemente na distribuicdo das espécies, resultando na extingao
de diversos grupos bioldgicos, como aves e mamiferos (Sodhi et al., 2004; Sheil et al., 2009).

Dentre as diversas modificacbes provocadas pela expansdo da monocultura de dendé,
alteracdes no padrao de distribuicdo das espécies e nas funcdes ecossistémicas sdo considerados 0s
principais impactos na biodiversidade (Gilroy et al., 2015; Dislich et al., 2017), pois podem resultar
em um desequilibrio da estrutura das comunidades e até mesmo em processos de extin¢Bes locais
e/ou regionais (Azhar et al., 2014; Lees et al., 2015). No entanto, nesta pesquisa, encontramos
resultados contrastantes, onde foi observado mudancas na composicao taxondmicas das espécies de
peixes, registrado também por Ferreira et al. 2018 e no Capitulo 2 desta tese, mas ndo foram
registradas alteragdes na diversidade funcional. Isso pode ser explicado pelo fato de que mesmo com
a substituicdo de espécies, a composi¢do funcional das assembleias de peixes foi mantida, ou seja,
algumas espécies deram lugar a outras que desempenham func¢des semelhantes no ecossistema.

Esses resultados corroboram parcialmente com o publicado por Luiza-Andrade et al. (2017),
que avaliaram o efeito da monocultura de dendé na diversidade funcional de insetos aquaticos em
riachos amazonicos. Os autores identificaram impactos no habitat fisico dos riachos, bem como na
diversidade taxondmica desses insetos, corroborando com os resultados encontrados neste estudo.
Por outro lado, registraram ainda uma perda de riqueza funcional nos riachos que drenam plantagdes
de dendé quando comparados com riachos de fragmentos florestais, ndo corroborando com os
resultados encontrados nesta pesquisa, uma vez que a riqueza funcional ndo foi afetada pela
substituicdo da matriz florestal pela monocultura de dendé.

Em outro estudo realizado na Amazonia, Ferreira et al. (2018) registraram que a monocultura
de dendé modifica a estrutura do habitat de riachos, bem como a composicdo taxondmica das
assembleias de peixes, corroborando com os resultados encontrados nesta pesquisa. Por outro lado,
0s autores ndo registraram diferencas em relacdo a riqueza de espécies ao comparar riachos que
drenam éareas de plantio de dendé com éareas de fragmentos florestais. Com isso, 0s autores
concluiram que o impacto do plantio do dendé desencadeia uma substituicdo de espécies, mas sem
alterar o numero de espécies encontradas nos riachos. Esses resultados auxiliam no entendimento da
manutencdo da estrutura funcional das assembleias de peixes frente as alteracGes na composicao
especifica, encontrada no presente estudo. Uma vez que na regido neotropical se concentra a maior
diversidade, tanto taxondmica quanto funcional, de peixes do planeta (Toussant et al., 2016). Sendo

assim, essa alta diversidade faz com que mesmo que espécies sejam substituidas por outras, ou até
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mesmo perdidas ao longo de um gradiente de impacto ambiental, a quantidade de espécies capazes
de desenvolver fungdes ecossistémicas semelhantes, é suficientemente necesséria para que a
diversidade funcional seja mantida.

Por outro lado, alteracdes na estrutura funcional das comunidades decorrentes de impactos
ambientais ja foram registradas anteriormente (Hooper et al., 2005; Diaz et al., 2006). No entanto,
estudos revelam ainda que as respostas das comunidades submetidas a impactos ambientais podem
variar, principalmente em relacdo as funcbes desenvolvidas nos ecossistemas (Flynn et al., 2009;
Murray et al., 2017). Outros autores defendem ainda, que mesmo em ambientes impactados, a
diversidade funcional ndo sera necessariamente menor, mas sim diferente daquela observada em
ambientes preservados (Riemann et al., 2016). Estes resultados ndo corroboram os resultados
encontrados nesta pesquisa, onde a diversidade funcional néo foi influenciada pelas caracteristicas
do habitat fisico e da paisagem adjacente aos riachos.

No entanto, foi possivel identificar grupos funcionais mais associados a determinadas
caracteristicas do habitat fisico e da paisagem. Como no caso dos Loricariidae (Siluriformes),
Rineloricaria hasemani e Farlowella amazona, que mostraram forte associagdo com porcentagem
de imersdo do substrato. Estas espécies apresentam baixa capacidade natatdria e passam boa parte
da vida associadas a estruturas, como troncos e rochas (Brejdo et al., 2013). Com isso, ambientes
com altas taxas de imersdo do substrato favorecem o comportamento criptico desses peixes, que se
confudem com o substrato dos riachos, auxiliando na aquisi¢do de alimentos e fuga de predadores
(Buck and Sazima, 1995). Por outro lado, os riachos que apresentaram vegetacdo riparia bem
estruturada e maior largura sazonal, favoreceram espécies bentbnicas, como Bunocephalus
coracoideus, Mastiglanis asopos e Rhamdia quelen. Isso pode ser explicado pelo aumento na oferta
de micro-habitat para estas espécies oriundos da vegetacdo riparia (Schneider and Winemiller, 2008;
Casotti et al., 2015) e do aumento na largura do riacho no periodo de cheia, onde o nivel da agua
avanca em direcdo a vegetacao riparia, aumentando a heterogeneidade ambiental (Allan and Castillo,
2007; Espirito-Santo et al., 2009).

Em relacdo as caracteristicas da paisagem, ndo foram observadas alteracfes funcionais nas
assembleias de peixes, uma vez que tanto em riachos que apresentaram maior porcentagem de
floresta adjacente, como aqueles circundados por plantagGes de palma de dendé ou &rea de pastagem,
0s grupos funcionais foram mantidos, com predominancia de Siluriformes e Gymnotiformes
bentbnicos, com baixa capacidade natatoria, como Mastiglanis asopos, Rhamdia quelen, Gymnotus
coropinae, ltuglanis amazonicus, Brachyhypopomus beebei e Gladioglanis conquistador. Esse
grupo taxénomico apresenta grande diversidade e uma ampla area de distribuicdo na Amaz6nia
(Reis et al. 2003), podendo ocupar diferentes habitat, em diferentes estados de conservagédo

(Prudente et al., 2016). Outro importante fator a ser considerado € a manutencdo da vegetagdo
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riparia, mesmo em areas que apresentam predominancia de monocultura de dendé ou pastagem. Esta
faixa de vegetacdo nativa, quando preservada, é fundamental na manutengdo das caracteristicas
naturais dos riachos (Pusey and Arthington, 2003), mantendo as caracteristicas abidticas naturais
dos riachos e auxiliando na conservacéo da biodiversidade (Casatti et al., 2012), o que contribui na
manutencdo dos grupos funcionais, mesmo quando a composicao taxondmica é alterada.

Diante das discussdes sobre como as alteracbes ambientais provocadas por atividades
humanas afetam a diversidade funcional, estudos desta natureza sdo cada vez mais necessarios para
que medidas conservacionistas mais eficientes sejam tomadas, principalmente na regiao neotropical
(Vitule et al., 2016). Ainda mais considerando que a monocultura de dendé na Amazonia continuara
expandindo, e que embora esta atividade traga desenvolvimento econdmico e social para a
populagéo e os impactos ambientais sejam evidentes, muitos destes impactos podem ser controlados
e até mesmo evitados. De forma a garantir um desenvolvimento sustentavel na regido, aliando o
aumento na producdo com a manutencéo biodiversidade. Uma alternativa viavel para que isso ocorra
é determinar éreas prioritarias para preservacdo, bem como para a expansao desta monocultura. Ou
seja, com base em estudos cientificos € possivel inferir quais os beneficios da manutencéo de areas
florestadas proximas a plantacfes de dendé (Koh et al., 2009; Abram et al., 2014; Edwards et al.,
2014), bem como a utilizacdo do plantio do dendé na restauracdo de ambientes ja degradados, como
0s campos de pastagens e areas de solo exposto (Foster et al., 2011; Luskin and Potts, 2011).

Por fim, este trabalho esclarece que embora a monocultura de palma dendé altere a composicéo
taxonbmica das assembleias de peixes de riachos amazénicos, a diversidade funcional das
assembleias € mantida. Isso pode ser reflexo do modelo de plantacdo adotado na Amazodnia, onde a
presenca de fragmentos florestais proximo a matrizes de plantagdo de dendé, constitui um mosaico
capaz de manter algumas caracteristicas naturais das comunidades, como a estrutura funcional. Com
isso, desenvolver mais pesquisas com abordagem funcional na regido neotropical, em especial na
AmazoOnia, permitira elucidar as lacunas de conhecimento que permeiam esta ampla diversidade da

regiéo.
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Tabela S1 Descricado dos métodos de amostragem de cada varidvel do habitat fisico de riachos

amostrado na Amazonia Oriental.

Variavel do habitat fisico

Codigo Média + DP

Método de amostragem

Média da largura do leito
sazonal (m)

Média Altura Incisdo (m)

Média de imerséo (Canal
+ Margens) (%)

Raizes finas (%)

Média de cobertura
riparia total

Numero Madeira pequena
no leito

Média Abrigo - Madeira
Grande

Proporg¢éo de impacto
humano

XBKF_W 16,38 + 15,9

XINC_H 28%272

XEMBED 60,95 + 20,7

PCT_RZ 9,39+8,6

XCMG 142,21 +71,9

CiIW_MSQ 0,16 +0,1

XFC_PMG 13,08+ 14,4

X_HNOAG 0,55+ 0,3

Calculada utilizando a largura méxima que o riacho
pode atingir no periodo de cheia. E medida em cada
secdo transversal, totalizando 11 medidas no trecho
amostrado

Medida estimada da profundidade do vale em que o
riacho se encontra

Estimativa visual da quantidade de sedimentos finos (<
2mm) depositado no fundo dos riachos

Mensuradas em cinco pontos equidistantes (margem
direita, centro-direita, centro, centro-esquerda e
margem esquerda)

Mensuradas  através de estimativas  visuais,
considerando uma area de 10m? em cada secdo
transversal, em ambas as margens do canal
Quantidade de madeira, medindo entre 10cm e 50cm
de didmetro na maior largura e até 100cm de
comprimento, dentro do leito do riacho

Estimativa visual da quantidade de madeira grande (>
30cm de didmetro) em um trecho de cinco metros a
montante e a jusante da secdo transversal

Estimada de forma qualitativa (presenca ou auséncia)
em uma area de 100m? em torno da secdo transversal
em ambas as margens do canal. As categorias avaliadas
foram: canalizacdo/ barramento, construc@es, estradas,
rodovias/ ferrovias, canos (captacdo/ descarga),
entulho/ lixo, parque/ gramado e desmatamento.
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Tabela S2 Fei¢des do uso de solo identificados e quantificados em buffers de 300 metros ao redor
dos riachos amostrados na Amazodnia Oriental, Para, Brasil. Os valores exibidos estio em

porcentagem.
Unidade Palmade Areade Solo
Floresta ~
amostral dendé Pastagem exposto
P10P2 31,6 68,4 0 0
P16P8 22,3 71,7 0 0
P20P12 40,4 56 0 3,6
P21P13 42,9 57,1 0 0
P22F9 100 0 0 0
P23F10 100 0 0 0
P24P14 36,8 63,2 0 0
P25P15 77,1 22,9 0 0
P27P17 16,9 83,1 0 0
P2F2 100 0 0 0
P30P20 25,8 74,2 0 0
P31P21 55,7 44,3 0 0
P32P22 41,8 55,7 0 2,5
P34F12 74,8 0 0 25,2
P35F13 100 0 0 0
P36F11 99 0 0 1
P37P24 41,9 58,1 0 0
P3F3 100 0 0 0
P5F5 100 0 0 0
P6F6 100 0 0 0
P7F7 73,9 26,1 0 0
POP1 17,0 83 0 0
PALMO03 48,4 51,6 0 0
PALM12 33,9 66,1 0 0
PALM16 31,2 23,7 26,3 0
PALM18 81,9 18,1 0 0
PALM19 73,4 26,6 0 0
PALM20 17,4 82,6 0 0
PALM2016-1 19,3 80,7 0 0
PALM2016-2 34,2 48,4 17,4 0
PALM2016-3 61,9 38,1 0 0
PALM22 18,8 81,2 0 0
PST_TA 01 22,1 0 77,9 0
PST TA 02 63,7 18,1 18,3 0
PST_TA 03 0 0 100 0
PST _TA 04 10,8 0 89,2 0
PST_TA 05 34,5 0 65,5 0
PST _TA 06 22,4 0 77,6 0
PST TA 08 66,1 0 33,9 0
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Tabela S3 Descricdo dos atributos funcionais ecologicos amostrados para peixes de riachos da

Amazonia Oriental. A defini¢do dos atributos, bem como as categorias foram adaptados do proposto
por Brejdo et al. (2013) e Winemiller et al. (2015).

Classificacao

Descricao

Onivoro
Invertivoro

Invertivoro
Guilda  autoctone
tréfica Invertivoro

Se alimentam de vegetais, detritos e invertebrados

Se alimentam de insetos terrestres e aquaticos

Se alimentam preferencialmente de uma variedade de insetos terrestres (p.e.
formigas e aranhas)

Se alimentam preferencialmente de uma variedade de insetos aquéticos (p.e.

aloctone larvas de macroinvertebrados)
Carnivoro Se alimentam de outros animais (p.e. peixes e anfibios)
Perifitivoro Se alimentam de particulas finas de matéria organica e algas
Bentdnico Ocupam a por¢do mais profunda do riacho, proximo ao substrato
Nectonimo Ocupam a coluna d'agua
Habitat Nectobentdnico Ocupam tanto a coluna d'agua quando a por¢do mais profunda dos riachos
Superficie Ocupam a porgdo mais superior do riacho, proximo a lamina d’agua
Associado a
estruturas Ocupam areas com maior heterogeneidade de habitat (p.e. galhos e rochas)
. Sedentario Pouco se locomovem, ficando a maior parte do tempo no mesmo micro-habitat
Capacidade L . .
. . Intermediario  Se locomovem, frequentando alguns poucos micro-habitat
natatoria : AR ) . :
Ativo Se locomovem com alta frequéncia, visitando diversos micro-habitat

Habitat de Coluna d'agua
forrageio  Substrato

Buscam alimentos na coluna d'agua e na superficie
Buscam alimentos na por¢do mais profunda do riacho, associado ao substrato

AltNC

Figura S1 llustracdo das medidas morfologicas utilizadas no calculo da diversidade funcional
(Fonte: Prudente, BS. LABECO/UFPA).
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Tabela S4 Lista de espécies de peixes coletadas nos anos de 2012, 2013, 2015 ¢ 2016 em igarapés

da Amazoénia Oriental. As espécies destacadas (*) foram retiradas das analises.

Téxon Abundéancia Cddigo
Beloniformes
Belonidae
Potamorrhaphis sp.* 1 Pot_sp
Characiformes
Acestrorhynchidae
Gnathocharax steindachneri Fowler, 1913 9 Gna_ste
Characidae
Hemigrammus bellottii (Steindachner, 1882) 450 Hem_bel
Hemigrammus geisleri Zarske & Géry, 2007 11 Hem_gei
Hemigrammus ocellifer (Steindachner, 1882) 214 Hem_oce
Hyphessobrycon bentosi Durbin, 1908 6 Hyp_ben
Hyphessobrycon heterorhabdus (Ulrey, 1894) 1870 Hyp_het
Moenkhausia collettii (Steindachner, 1882) 8 Moe_col
Moenkhausia comma Eigenmann, 1908 14 Moe_com
Moenkhausia sp.* 1 Moe_sp
Crenuchidae
Ammocryptocharax elegans Weitzman & Kanazawa, 1976 6 Amm_ele
Characidium sp. 4 Cha_sp
Crenuchus spilurus Giinther, 1863 154 Cre_spi
Melanocharacidium dispilomma Buckup, 1993 5 Mel_dis
Microcharacidium weitzmani Buckup, 1993 3658 Mic_wei
Curimatidae
Curimatopsis crypticus Vari, 1982 3 Cur_cry
Erythrinidae
Erythrinus erythrinus (Bloch & Schneider, 1801) 51 Ery ery
Hoplias curupira* Oyakawa & Mattox, 2009 2 Hop_cur
Hoplias malabaricus (Bloch, 1794) 23 Hop_mal
Gasteropelecidae
Carnegiella strigata (Glinther, 1864) 123 Car_str
Iguanodectidae
Bryconops caudomaculatus* (Gunther, 1864) 1 Bry_cau
Iguanodectes rachovii Regan, 1912 372 Igu_rac
Lebiasinidae
Copella arnoldi (Regan, 1912) 1325 Cop_arn
Nannostomus eques Steindachner, 1876 11 Nan_equ
Nannostomus nitidu* Weitzman, 1978 2 Nan_nit
Nannostomus trifasciatus Steindachner, 1876 141 Nan_tri
Pyrrhulina aff. brevis Steindachner, 1876 191 Pyr_bre
Cyprinodontiformes
Rivulidae
Anablepsoides urophthalmus (Glnther, 1866) 270 Ana_uro
Laimosemion strigatus (Regan, 1912) 416 Lai_str

Gymnotiformes
Gymnotidae



Gymnotus carapo Linnaeus, 1758
Gymnotus coropinae Hoedeman, 1962
Gymnotus sp.
Hypopomidae
Brachyhypopomus beebei (Schultz, 1944)
Brachyhypopomus brevirostris (Steindachner, 1868)
Brachyhypopomus bullocki Sullivan & Hopkins, 2009
Brachyhypopomus sp.1
Brachyhypopomus sp.2
Hypopygus lepturus Hoedeman, 1962
Microsternarchus bilineatus Fernandez-Yépez, 1968
Steatogenys elegans (Steindachner, 1880)
Rhamphichthyidae
Gymnorhamphichthys petiti Géry & Vu, 1964
Sternopygidae
Eigenmannia trilineata Lopez & castello, 1966
Sternopygus macrurus (Bloch & Schneider, 1801)
Perciformes
Cichlidae
Acaronia nassa (Heckel, 1840)
Aequidens tetramerus (Heckel, 1840)
Apistogramma agassizii (Steindachner, 1875)
Apistogramma gr. regani Kullander, 1980
Crenicara punctulatum (Glnther, 1863)
Crenicichla gr. saxatilis (Linnaeus, 1758)
Crenicichla reticulata (Heckel, 1840)
Crenicichla sp.*
Geophagus sp.*
Hypselecara temporalis* (Glnther, 1862)
Nannacara taenia Regan, 1912
Polycentridae
Monocirrhus polyacanthus* Heckel, 1840
Siluriformes
Aspredinidae
Bunocephalus coracoideus (Cope, 1874)
Auchenipteridae
Tetranematichthys barthemi* Peixoto & Wosiacki, 2010
Callichthyidae
Callichthys callichthys* (Linnaeus, 1758)
Megalechis thoracata (Valenciennes, 1840)
Cetopsidae
Denticetopsis epa* Vari, Ferraris & de Pinna, 2005
Helogenes marmoratus Giinther, 1863
Heptapteridae
Gladioglanis conquistador Lundberg, Bornbusch & Mago-Leccia, 1991
Mastiglanis asopos Bockmann, 1994
Phreatobius cisternarum* Goeldi, 1905
Rhamdia quelen (Quoy & Gaimard, 1824)

41

133
16
29
59
30

108
54
18

365

69
249
1326

NN - 01 01T W

223

34

397

273
41

14

111

Gym_car
Gym_cor
Gym_sp

Bra_bee
Bra_bre
Bra_bul
Bra_spl
Bra_sp2
Hyp_lep
Mic_bil
Ste ele

Gym_pet

Eig_tri
Ste_mac

Aca_nas
Aeq_tet
Api_aga
Api_reg
Cre_pun
Cre_sax
Cre_ret
Cre_sp
Geo_sp
Hyp_tem
Nan_tae

Mon_pol

Bun_cor
Tet_bar

Cal _cal
Meg_tho

Den_epa
Hel _mar

~

Mas_aso
Phr_cis
Rha_que
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Loricariidae
Ancistrus sp.* 1 Anc_sp
Farlowella amazona (Glinther, 1864) 27 Far_ama
Otocinclus mura Schaefer, 1997 44 Oto_mur
Rineloricaria hasemani Isbricker & Nijssen, 1979 12 Rin_has
Pseudopimelodidae
Batrochoglanis raninus* (Valenciennes, 1840) 2 Bat_ran
Trichomycteridae
Ituglanis amazonicus (Steindachner, 1882) 106 Itu_ama
Paracanthopoma parva Giltay, 1935 61 Par_par
Potamoglanis hasemani (Eigenmann, 1914) 780 Pot_has
Synbranchiformes
Synbranchidae
Synbranchus marmoratus Bloch, 1795 30 Syn_mar

* Espécies excluidas das analises
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Tabela S5 Atributos funcionais qualitativos para cada espécie de peixes amostrados em riachos da

Amazodnia Oriental. Os cddigos referentes aos atributos funcinais estdo expostos na Tabela 1.

Espécie Cadigo Gl,Ji!da Habitat Capaci,dgde Habitat _de
trofica natatoria forregeio
Aequidens tetramerus Aeq_tet ONI NBT INT CDA
Ammocryptocharax elegans Amm_ele IAU AET SED CDA
Anablepsoides urophthalmus Ana_uro IAL SUP SED CDA
Apistogramma agassizii Api_aga IAU NBT INT CDA
Apistogramma gr. regani Api_reg INV NBT ATI CDA
Brachyhypopomus beebeli Bra_bee IAU NBT SED CDA
Brachyhypopomus brevirostris Bra_bre IAU NBT SED CDA
Brachyhypopomus bullocki Bra_bul IAU NBT SED CDA
Brachyhypopomus spl Bra_spl IAU NBT SED CDA
Brachyhypopomus sp2 Bra_sp2 IAU NBT SED CDA
Bunocephalus coracoideus Bun_cor INV BEN SED SUB
Carnegiella strigata Car_str IAL SUP INT CDA
Characidium sp Cha_sp IAU NBT SED CDA
Copella arnoldi Cop_arn IAL SUP SED CDA
Crenicara punctulatum Cre_pun IAU NBT INT CDA
Crenicichla cf. reticulata Cre_ret CAR NBT SED CDA
Crenicichla gr. saxatilis Cre_sax CAR NBT SED CDA
Crenuchus spilurus Cre_spi ONI NBT INT CDA
Curimatopsis crypticus Cur_cry ONI BEN ATI CDA
Eigenmannia aff. trilineata Eig_tri IAU NBT SED CDA
Erythrinus erythrinus Ery ery CAR NBT INT CDA
Farlowella amazona Far_ama PER AET SED SUB
Gladioglanis conguistador Gla_con IAU BEN SED CDA
Gnathocharax steindachneri Gna_ste INV SUP INT CDA
Gymnorhamphichthys petiti Gym_pet IAU BEN SED CDA
Gymnotus gr. carapo Gym_car INV NBT SED CDA
Gymnotus gr. coropinae Gym_cor CAR NBT SED CDA
Gymnotus sp Gym_sp INV NBT SED CDA
Helogenes marmoratus Hel_mar IAL AET SED CDA
Hemigrammus bellottii Hem_bel IAL NEC SED CDA
Hemigrammus ocellifer Hem_oce IAL NEC ATI CDA
Hoplias malabaricus Hop_mal CAR NBT INT CDA
Hyphessobrycon bentosi Hyp_ben INV NEC INT CDA
Hyphessobrycon heterorhabdus Hyp_het INV NEC INT CDA
Hypopygus lepturus Hyp_lep IAU BEN SED CDA
Iguanodectes rachovii Igu_rac ONI NEC SED CDA
Ituglanis amazonicus Itu_ama IAU BEN SED CDA
Laimosemion cf. strigatus Lai_str INV SUP INT CDA
Mastiglanis asopos Mas_aso INV BEN SED CDA

Megalechis thoracata Meg_tho ONI BEN INT CDA



Melanocharacidium dispilomma
Microcharacidium weitzmani
Microsternarchus aff. bilineatus
Moenkhausia collettii
Moenkhausia comma
Nannacara taenia

Nannostomus eques
Nannostomus trifasciatus
Otocinclus mura
Paracanthopoma parva
Pyrrhulina aff. brevis

Rhamdia quelen

Rineloricaria hasemani
Steatogenys elegans
Sternopygus macrurus
Potamoglanis hasemani

Mel_dis
Mic_wei
Mic_bil
Moe_col
Moe_com
Nan_tae
Nan_equ
Nan_tri
Oto_mur
Par_par
Pyr_bre
Rha_que
Rin_has
Ste_ele
Ste_mac
Pot_has

IAU
IAU
IAU
ONI
ONI
IAU
IAL
IAL
PER
PAR
IAL
CAR
PER
IAU
CAR
IAU

NBT
NBT
BEN
NEC
NEC
NBT
SUP
SUP
AET
BEN
SUP
BEN
AET
AET
NBT
BEN

INT
SED
SED

INT
ATI
SED
SED
SED

INT
SED

INT

INT
SED
SED
SED
SED

CDA
CDA
CDA
CDA
CDA
CDA
CDA
CDA
SUB
CDA
CDA
CDA
SuB
CDA
CDA
CDA
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CONCLUSOES GERAIS

Os resultados obtidos nesta tese evidenciam que a monocultura de palma de dendé modifica
a estrutura natural do habitat fisico de riacho, afetando a distribuigdo das espécies de peixes, embora
os padrdes de diversidade funcional sejam mantidos. No primeiro capitulo, onde os riachos foram
categorizados de acordo com o uso de solo predominante na area de drenagem (fragmento florestal
ou palma de dendé), as principais modifica¢Bes na estrutura do habitat fisico foram relacionadas ao
tipo de substrato, volume de madeira dentro e acima do riacho, impacto humano e oxirredugéo da
agua. O que resultou em mudancas na composicao especifica das assembleias de peixes, onde
espécies generalistas foram mais frequentes em riachos que drenam as plantacdes de dendé. No
segundo capitulo, avaliando as caracteristicas da paisagem na estrutura do habitat fisico, evidenciou-
se que a retirada da floresta, dando lugar as plantacGes de dendé, diminuiu a altura da incisdo dos
riachos, aumentando o carreamento de sedimentos finos para dentros dos corpos d’agua, resultando
em alteracBes na diversidade taxondmica das assembleias de peixes. Enquanto que no terceiro
capitulo, observou-se que a quantidade de palma de dendé na paisagem préxima aos riachos altera
a composicdo taxondmica, a exemplo do que foi observado no primeiro capitulo, no entanto, a
estrutura funcional das comunidades sdo mantidas, ou seja, ndo foram registradas alteracdes nos
padrdes de diversidade funcional.

Estes resultados comprovam que a substituicdo de floresta pela monocultura de palma de
dendé resulta em alteracdes nas caracteristicas naturais dos riachos, principalmente em relacdo a
morfologia do canal, composicao do substrato e oferta de abrigo para organismos aquaticos. Essas
alteracdes afetam a estrutura das assembleias de peixes, principalmente em relacdo a composicao e
abundancia. Por outro lado, mesmo com a substituicdo, e em alguns casos a perda de espécies, a
diversidade funcional das assembleias de peixes foi mantida.

A expansdo do dendé na Amazénia € recente, assim como 0s estudos ecoldgicos avaliando
como o ambiente e a biodiversidade respondem aos possiveis impactos decorrentes desta expansao.
Com isso, a continuidade desses estudos é fundamental na avaliacdo do impacto derivado desta
atividade agricola que seguird ocupando cada vez mais espaco na paisagem amazoénica. Somente
com uma producdo de conhecimentos em larga escala, os rumos da expansao da palma de dendé na
Amazonia poderao ser diferentes do processo ocorrido no sudeste asiatico, onde os impactos foram
irreversiveis ao ecossistema como um todo, incluindo a biodiversidade, onde espécies foram extintas
em escalas locais e regionais.

A alternativa mais viavel para a expansdo sustentavel do dendé é a utilizacdo de &reas ja
degradas, seguindo o proposto pela Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA)
atraves do Zoneamento agroecoldgico do dendenzeiro para areas desmatadas na Amazonia Legal.

Nesse sentido, as plantacdes de dendé expandem em direcdo a ambientes ja degradados, que em sua



116

maioria sao ocupados pela pecuaria, constituindo um cenario de baixa diversidade bioldgica. Por
outro lado, os fragmentos florestais da regido serdo mantidos, incluindo a vegetacg&o ripéria, o que
favorece a manutencdo das caracteristicas naturais da paisagem, incluindo os riachos. Mais além, é
preciso ainda priorizar os pequenos riachos nas a¢cdes de conservacao e mitigacdo de impactos, pois
sdo ambientes fundamentais na manutencdo da biodiversidade amazbnica e se encontram
constantemente ameagados por atividades antropicas.

Se respeitado, este zoneamento consistira em um mecanismo de orientacdo a implementacédo
da cadeida produtiva do dendé na Amazénia, constituindo bases sélidas de conhecimento técnico-

cientifico, buscando a sustentabilidade dos pontos de vista econémico, social e ambiental.
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suggest that these manuscripts include an “Abstract”, an “Introduction”, a “Materials and Methods” section, a “Results”
section and “Discussion”. The “Discussion” section should include the special mention of the significance of the work
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Global Biodiversity Information Facility (GBIF) nodes or data centres endorsed by GBIF, including BioFresh
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authors are requested to provide names and contact information (including address, phone and fax number as well as e-
mail address) of two experts in the field as possible reviewers of their paper. Referees’ comments will remain anonymous
unless referees explicitly request to be named. Authors will be notified of manuscript receipt and acceptance or rejection.

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as well as
by the responsible authorities — tacitly or explicitly — at the institute where the work has been carried out. The publisher
will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required to
obtain permission from the copyright owner(s) for both the print and online format and to include evidence that such
permission has been granted when submitting their papers. Any material received without such evidence will be assumed
to originate from the authors.

Online Submission
Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the
instructions given on the screen.

TITLE PAGE

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, and telephone number(s) of the corresponding author
If available, the 16-digit ORCID of the author(s)

Abstract

LaTeX macro package (zip, 181 kB)

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined
abbreviations or unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX. Headings Please use no more than three levels
of displayed headings.
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Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the
reference list. They should not consist solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article are not
given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of
funding organizations should be written in full.

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:
Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and
Smith 1998; Medvec et al. 1999, 2000).

EndNote style (zip, 2 kB)

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text. Do not use footnotes
or endnotes as a substitute for a reference list.

Reference list entries should be alphabetized by the last names of the first author of each work. Order multi-author
publications of the same first author alphabetically with respect to second, third, etc. author. Publications of exactly the
same author(s) must be ordered chronologically.

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325-329

Acrticle by DOI

Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
https://doi.org/10.1007/s001090000086

Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London

Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, New
York, pp 230-257

Online document

Cartwright J  (2007) Big stars have  weather  too. IOP  Publishing  Physics  Web.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see
ISSN LTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of intext citations and
reference list.

TABLES

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the table.



126

Identify any previously published material by giving the original source in the form of a reference at the end of the table
caption.

Footnotes to tables should be indicated by superscript lower-case letters (or

asterisks for significance values and other statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also
acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final size.
All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars within the figures themselves.
Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color
diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will still be visible. Many
colors are not distinguishable from one another when converted to black and white. A simple way to check this is to
make a xerographic copy to see if the necessary distinctions between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20 pt type for
the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the
main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be numbered
separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the text
file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.
Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in graphs.
Identify previously published material by giving the original source in the form of a reference citation at the end of the
figure caption.
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Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.
For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright
owner(s) for both the print and online format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have occurred to receive these permissions. In such
cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille hardware)
Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be able to
distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as certain
information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research
data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-mail
address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long download times and
that some users may experience other problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4dv, 3gp

Text and Presentations
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets
Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied.
Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to
that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “...
additional data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions
For each supplementary material, please supply a concise caption describing the content of the file.
Processing of supplementary files
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Electronic supplementary material will be published as received from the author without any conversion, editing, or
reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure
that

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so that users prone to seizures caused
by such effects are not put at risk)

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need to ensure the English
language is of sufficient quality to be understood. If you need help with writing in English you should consider:
Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.

Using a professional language editing service where editors will improve the English to ensure that your meaning is
clear and identify problems that require your review.

Two such services are provided by our affiliates Nature Research Editing Service and American Journal Experts.
Springer authors are entitled to a 10% discount on their first submission to either of these services, simply follow the
links below.

English language tutorial

Nature Research Editing Service American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this journal and does not
imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style before publication.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.
Authors should refrain from misrepresenting research results which could damage the trust in the journal, the
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the
research and its presentation can be achieved by following the rules of good scientific practice, which include:

The manuscript has not been submitted to more than one journal for simultaneous consideration.

The manuscript has not been published previously (partly or in full), unless the new work concerns an expansion of
previous work (please provide transparency on the re-use of material to avoid the hint of text-recycling (“self-
plagiarism”)).

A single study is not split up into several parts to increase the quantity of submissions and submitted to various journals
or to one journal over time (e.g. “salami-publishing”).

No data have been fabricated or manipulated (including images) to support your conclusions

No data, text, or theories by others are presented as if they were the author’s own (“plagiarism”). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim),
summarized and/or paraphrased), quotation marks are used for verbatim copying of material, and permissions are
secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from the responsible authorities - tacitly
or explicitly - at the institute/organization where the work has been carried out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the scientific work and therefore share
collective responsibility and accountability for the results.

Authors are strongly advised to ensure the correct author group, corresponding author, and order of authors at
submission. Changes of authorship or in the order of authors are not accepted after acceptance of a manuscript.

Adding and/or deleting authors and/or changing the order of authors at revision stage may be justifiably warranted. A
letter must accompany the revised manuscript to explain the reason for the change(s) and the contribution role(s) of the
added and/or deleted author(s). Further documentation may be required to support your request.

Requests for addition or removal of authors as a result of authorship disputes after acceptance are honored after formal
notification by the institute or independent body and/or when there is agreement between all authors.

Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of the
results. This could be in the form of raw data, samples, records, etc. Sensitive information in the form of confidential
proprietary data is excluded.

If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE guidelines. If, after
investigation, the allegation seems to raise valid concerns, the accused author will be contacted and given an opportunity
to address the issue. If misconduct has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s



129

implementation of the following measures, including, but not limited to: If the article is still under consideration, it may
be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the infraction, either an erratum
will be placed with the article or in severe cases complete retraction of the article will occur. The reason must be given
in the published erratum or retraction note. Please note that retraction means that the paper is maintained on the platform,
watermarked "retracted" and explanation for the retraction is provided in a note linked to the watermarked article.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional
conduct have been followed, authors should include information regarding sources of funding, potential conflicts of
interest (financial or non-financial), informed consent if the research involved human participants, and a statement on
welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled

"Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double
blind peer review) as well as per journal subject discipline. Before submitting your article check the instructions
following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with ethical standards and send if
requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The author
will be held responsible for false statements or failure to fulfill the abovementioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence or impart bias on the
work. Although an author may not feel there is any conflict, disclosure of relationships and interests provides a more
complete and transparent process, leading to an accurate and objective assessment of the work. Awareness of a real or
perceived conflicts of interest is a perspective to which the readers are entitled. This is not meant to imply that a financial
relationship with an organization that sponsored the research or compensation received for consultancy work is
inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the research may
include but are not limited to the following:

Research grants from funding agencies (please give the research funder and the grant number)

Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management relationships

Multiple affiliations

Financial relationships, for example equity ownership or investment interest

Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be important
to readers should be disclosed. These may include but are not limited to personal relationships or competing interests
directly or indirectly tied to this research, or professional interests or personal beliefs that may influence your research.
The corresponding author collects the conflict of interest disclosure forms from all authors. In author collaborations
where formal agreements for representation allow it, it is sufficient for the corresponding author to sign the disclosure
form on behalf of all authors. Examples of forms can be found here:

The corresponding author will include a summary statement in the text of the manuscript in a

separate section before the reference list, that reflects what is recorded in the potential conflict of interest disclosure
form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker
honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS



130

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that the studies have been
approved by the appropriate institutional and/or national research ethics committee and have been performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. If doubt exists whether the research was conducted in accordance with the 1964 Helsinki
Declaration or comparable standards, the authors must explain the reasons for their approach, and demonstrate that the
independent ethics committee or institutional review board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References section: Ethical approval: “All procedures
performed in studies involving human participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.”

For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on animals, authors should
indicate whether the international, national, and/or institutional guidelines for the care and use of animals have been
followed, and that the studies have been approved by a research ethics committee at the institution or practice at which
the studies were conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before the

References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines for the care and use of animals
were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving animals were in
accordance with the ethical standards of the institution or practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the authors, please select one of the
following statements:

"This article does not contain any studies with human participants performed by any of the authors.”
“This article does not contain any studies with animals performed by any of the authors.”

"This article does not contain any studies with human participants or animals performed by any of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example,
the right to decide what happens to the (identifiable) personal data gathered, to what they have said during a study or an
interview, as well as to any photograph that was taken. Hence it is important that all participants gave their informed
consent in writing prior to inclusion in the study. Identifying details (hames, dates of birth, identity numbers and other
information) of the participants that were studied should not be published in written descriptions, photographs, and
genetic profiles unless the information is essential for scientific purposes and the participant (or parent or guardian if
the participant is incapable) gave written informed consent for publication. Complete anonymity is difficult to achieve
in some cases, and informed consent should be obtained if there is any doubt. For example, masking the eye region in
photographs of participants is inadequate protection of anonymity. If identifying characteristics are altered to protect
anonymity, such as in genetic profiles, authors should provide assurance that alterations do not distort scientific meaning.
The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants included in the study.”

If identifying information about participants is available in the article, the following statement should be included:

"Additional informed consent was obtained from all individual participants for whom identifying information is included
in this article.”

RESEARCH DATA POLICY

A submission to the journal implies that materials described in the manuscript, including all relevant raw data, will be
freely available to any researcher wishing to use them for noncommercial purposes, without breaching participant
confidentiality.

The journal strongly encourages that all datasets on which the conclusions of the paper rely should be available to
readers. We encourage authors to ensure that their datasets are either deposited in publicly available repositories (where
available and appropriate) or presented in the main manuscript or additional supporting files whenever possible. Please
see Springer Nature’s information on recommended repositories.

List of Repositories

Research Data Policy
General repositories - for all types of research data - such as figshare and Dryad may be used where appropriate.
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Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the reference list. Data
citations should include the minimum information recommended by

DataCite: authors, title, publisher (repository name), identifier.

DataCite

Where a widely established research community expectation for data archiving in public repositories exists, submission
to a community-endorsed, public repository is mandatory.

Persistent identifiers (such as DOIs and accession numbers) for relevant datasets must be provided in the paper.

For more information:

Research Data Policy Frequently Asked Questions

Data availability

The journal encourages authors to provide a statement of Data availability in their article. Data availability statements
should include information on where data supporting the results reported in the article can be found, including, where
applicable, hyperlinks to publicly archived datasets analysed or generated during the study. Data availability statements
can also indicate whether data are available on request from the authors and where no data are available, if appropriate.
Data Availability statements can take one of the following forms (or a combination of more than one if required for
multiple datasets):

1. The datasets generated during and/or analysed during the current study are available in the

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

2. The datasets generated during and/or analysed during the current study are not publicly available due [REASON
WHY DATA ARE NOT PUBLIC] but are available from the corresponding author on reasonable request.

3. The datasets generated during and/or analysed during the current study are available from the corresponding author
on reasonable request.

4.Data sharing not applicable to this article as no datasets were generated or analysed during the current study

5. All data generated or analysed during this study are included in this published article [and its supplementary
information files].

More examples of template data availability statements, which include examples of openly available and restricted
access datasets, are available:

Data availability statements

Springer Nature provides a research data policy support service for authors and editors, which can be contacted at
researchdata@springernature.com.

This service provides advice on research data policy compliance and on finding research data repositories. It is
independent of journal, book and conference proceedings editorial offices and does not advise on specific manuscripts.
Helpdesk

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page
where you can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice,
offprints, or printing of figures in color. Once the Author Query Application has been completed, your article will be
processed and you will receive the proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication
and dissemination rights). This will ensure the widest possible protection and dissemination of information under
copyright laws.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to make
a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the text,
tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the
article.

Online First
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The article will be published online after receipt of the corrected proofs. This is the official first publication citable with
the DOI. After release of the printed version, the paper can also be cited by issue and page numbers.

OPEN CHOICE

In addition to the normal publication process (whereby an article is submitted to the journal and access to that article is
granted to customers who have purchased a subscription), Springer provides an alternative publishing option: Springer
Open Choice. A Springer Open Choice article receives all the benefits of a regular subscription-based article, but in
addition is made available publicly through Springer’s online platform SpringerLink.

Open Choice

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open
access, the author(s) agree to publish the article under the Creative

Commons Attribution License.

Find more about the license agreement
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ANEXO 3
Normas da revista Ecological Indicators, para a qual serd submetido o capitulo Il desta Tese.

Journal Title
Ecological Indicators
Impact factor

3.898

Online ISSN
1470-160X
Publisher

Elsevier

GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to submit your
manuscript as a single Word or PDF file to be used in the refereeing process. Only when your paper is at the revision
stage, will you be requested to put your paper in to a ‘correct format' for acceptance and provide the items required for
the publication of your article.

INTRODUCTION

DESCRIPTION

The ultimate aim of Ecological Indicators is to integrate the monitoring and assessment of
ecological and environmental indicators with management practices. The journal provides a forum for the discussion of
the applied scientific development and review of traditional indicator applications as well as for theoretical, modelling
and quantitative approaches such as index development. Research into the following areas will be published:

+All aspects of ecological and environmental indicators and indices.

*New indicators, and new approaches and methods for indicator development, testing, and use. Development and
modelling of indices, e.g. application of indicator suites across multiple scales and resources.

*Analysis and research of resource, system and scale specific indicators.

*Methods for integration of social and other valuation metrics for the production of scientifically rigorous and politically-
relevant assessments using indicator-based monitoring and assessment programs.

*Approaches on how research indicators can be transformed into direct application for management purposes.
*Broader assessment objectives and methods, e.g. biodiversity, biological integrity, and sustainability, through the use
of indicators.

*Resource-specific indicators such as landscape, agroecosystems, forest ecosystems, aquatic ecosystems, wetlands, etc.
The journal seeks innovative papers which provide new developmental and methodological steps for environmental
indication. Submissions of results from simple monitoring programs or single case studies, resulting in descriptive
approaches without any exploration from the theory of indication, from the methodology of indication, or from the
management points of view are not considered suitable for publication in Ecological Indicators.

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts on Elsevier
publications and much more. Please click here for more information on our author services.

AUDIENCE

The target readership is scientists, policy-makers, and resource managers investigating or applying ecological and
environmental indicators, from the molecular to the ecosystem and landscape level, to the long-term goal of assessing
the condition and trends within the environment towards ecological sustainability.

INTRODUCTION

The journal is concerned with the development and application of ecological indicators, from the molecular to the
ecosystem and landscape level, in the scope of environmental quality assessment and management towards
sustainability.

Human activities and well-being depend on our capability to develop proper tools to evaluate and help acting upon
ecosystems ecological conditions and long term trends. Ecological and environmental indicators and indices play an
essential role with regard to this endeavour and must have biological, methodological, and social relevance: they are
expected to extract information from raw data in a very condensed form that is of significance to scientists, decision
makers, resource managers, and general public.

From a management point of view, a good ecological indicator should be a) simple to apply and easily understood by
laymen, b) relevant in the context, c) scientifically justifiable, d) quantitative, €) acceptable in terms of costs, f) covering
all relevant and actual problems, and g) sensitive to possible changes. On the other hand, from a more scientific
perspective, it should have h) handling easiness, i) sensibility to small variations of environmental stress and/or
ecological conditions, j) independence of reference states, k) applicability in extensive geographical areas and in the
greatest possible number of communities or ecological environments, and 1) possible and reliable quantification.
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Ecological Indicators can be applied to a wide range of topics going from basic ecology to human ecology and socio-
ecological systems, and the journal welcomes research articles, review articles, short notes and studies, viewpoint
articles, letters to the Editor, and book reviews. The journal also publishes Special Themes Issues.

Types of papers

The official language of the journal is English.

The following types of contributions will be accepted:
Original research papers

Review articles

Short notes and studies

Viewpoint articles

Letters to the Editor

Book Reviews

Original research papers are expected to report results of original research, and materials should not have been
previously published elsewhere, except in a preliminary form.

Review articles are expected to cover subjects falling within the scope of the journal which are of active current interest.
They may be submitted or invited. Review articles are usually up to 12,000 words and must include a Methods section
explaining how the literature for review was selected.

Short notes consist of a concise but complete description of a limited or preliminary investigation, which may eventually
be included in a later paper. A short note should nevertheless be as completely documented, both by reference to the
literature and description of the experimental procedures employed, as a regular paper. Authors submitting papers
focused on the application of existing indicators or indicator systems,
on demonstrations, or tests or minor methodological improvements on the basis of regional investigations, as well as
condensed articles on new topics concerning ecological indication, are also invited to submit their articles in the form
of a short note.

Viewpoint articles provide a forum for authors to present a novel, distinctive or even personal viewpoint on any topic
falling within the journal's scope. The article should be well arched in evidence and adequately supported by citations,
but may focus on a stimulating and assumed provoking line of arguments representing a significant advance in thinking
about indicators problems and solutions.

Letters to the Editor offer a forum for comments or critiques regarding material published in the journal. The decision
to publish submitted letters rests purely with the Editor-in-Chief. It is the hope that the publication of such letters will
permit an exchange of views beneficial to the journal and its readers.

Book reviews will be solicited by the Editor-in-Chief and will fall upon a range of relevant books

no more than 2 years old. Unsolicited reviews will not usually be accepted, but suggestions for

appropriate books for review may be sent to the Editor-in-Chief.

Special Issues

Special Issues concentrate on a special topic and should consist of a minimum (usually 10) number of manuscripts, an
introduction by the guest editors, where the contents and context of the papers is summarized, and - if possible - some
concluding remarks. Those interested in serving as guest editors of a special issue should be in touch with the Editor-in-
Chief or the publisher to discuss the objectives and scope of the proposed topic. If more information is requested, guest
editors will be asked to include an overview of the contributing authors, planned manuscripts and short summaries of
their contents.

Size of papers Regular papers

Generally, manuscripts should be about 7,000 words, the maximum length being 10,000 words.

Short Notes

Short notes should not occupy more than 6 printed pages (about 12 manuscript pages, including figures, tables and
references).

This will shorten the reviewing process and will ensure quicker publication times

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for review. Please
check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

+ E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords
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* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Internet)
* A competing interests statement is provided, even if the authors have no competing interests to declare

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include employment,
consultancies, stock ownership, honoraria, paid expert testimony, patent applications/ registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration of interest statement in the title
page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to declare then please state
this: 'Declarations of interest: none'. This summary statement will be ultimately published if the article is accepted. 2.
Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the journal's official records.
It is important for potential interests to be declared in both places and that the information matches.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an
abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more
information), that it is not under consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including electronically without the
written consent of the copyrightholder. To verify originality, your article may be checked by the originality detection
service Crossref

Similarity Check.
Use correct, continuous line numbering throughout the document.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.

Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent
publication' for more information).

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and provide
the definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the corresponding author: (a) the
reason

for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the addition,
removal or rearrangement. In the case of addition or removal of authors, this includes confirmation from the author
being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors after the
manuscript has been accepted. While the Editor considers the request, publication of the manuscript will be suspended.
If the manuscript has already been published in an online issue, any requests approved by the Editor will result in a
corrigendum.

Article transfer service
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This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more suitable in
one of our other participating journals, then you may be asked to consider transferring the article to one of those. If you
agree, your article will be transferred automatically on your behalf with no need to reformat. Please note that your article
will be reviewed again by the new journal.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more information
on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within
their institutions. Permission of the Publisher is required for resale or distribution outside the institution and for all other
derivative works, including compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More information.
Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of the
article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the funding
source(s) had no such involvement then this should be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply with their funder's
open access policies. Some funding bodies will reimburse the author for the Open Access Publication Fee. Details of
existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through our universal
access programs.

* No open access publication fee payable by authors.

Open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.

* An open access publication fee is payable by authors or on their behalf, e.g. by their research funder or institution.
Regardless of how you choose to publish your article, the journal will apply the same peer review criteria and acceptance
standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions, adaptations or derivative
works of or from an article (such as a translation), include in a collective work (such as an anthology), text or data mine
the article, even for commercial purposes, as long as they credit the author(s), do not represent the author as endorsing
their adaptation of the article, and do not modify the article in such a way as to damage the author's honor or reputation.
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) For non-commercial purposes, lets others
distribute and copy the article, and to include in a collective work (such as an anthology), as long as they credit the
author(s) and provided they do not alter or modify the article.

The open access publication fee for this journal is USD 3400, excluding taxes. Learn more about Elsevier's pricing
policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open access options
available. We recommend authors see our green open access page for further information. Authors can also self-archive
their manuscripts immediately and enable public access from their institution's repository after an embargo period. This
is the version that has been accepted for publication and which typically includes author-incorporated changes suggested
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during submission, peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before an article becomes
freely available to the public. This is the embargo period and it begins from the date the article is formally published
online in its final and fully citable form. Find out more. This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers throughout their
research journey. The "Learn" environment at Researcher Academy offers several interactive modules, webinars,
downloadable guides and resources to guide you through the process of writing for research and going through peer
review. Feel free to use these free resources to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who
feel their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to
conform to correct scientific English may wish to use the English Language Editing service available from Elsevier's
WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your article details and uploading
your files. The system converts your article files to a single PDF file used in the peer-review process. Editable files (e.g.,
Word, LaTeX) are required to typeset your article for final publication. All correspondence, including notification of
the Editor's decision and requests for revision, is sent by e-mail.

Referees
All authors must suggest 3 potential reviewers per submission, together with their full addresses and email details.
Potential reviewers should not include anyone with whom the authors have collaborated closely.

Submission Guide and Checklist for Authors

SUMMARY GUIDE AND CHECKLIST FOR AUTHORS

This page is a summary of essential information which is hoped to be useful as guidance to the authors during the final
checking of an article prior to sending it to the journal's Editor for review. Please consult the complete Instructions to
Authors for details on any item. First of all, submitting an article to Ecological Indicators implies that it is an original
submission which has not been published previously or has not been submitted to any other journal. All authors must
suggest 3 potential reviewers on submission and not forget to include their full addresses and email details. The
suggested reviewers should not include anyone with whom the authors have collaborated closely.

Before submitting a manuscript to Ecological Indicators, please read the Editorial Policy carefully, which can be found
at "Aims and Scope" in the journal website. Be sure that the answer to the following questions concerning the content
of the manuscript is Yes: Does the paper focus on the proposal, development, application or evaluation of ecological
indicators, considered from the molecular up to the ecosystem and landscape level? Are the results based on
ecological/environmental data and observations? Are results explored and discussed from the theory of indication, from
the methodology of indication, or from the environmental management points of view, being therefore more than just a
descriptive presentation of results from monitoring programs or single case studies? Does the paper emphasize the
scientific progress of results in regard to our established knowledge on ecological indicators and in comparison with
previously published results? Are all relevant references included?

When submitting the manuscript, please ensure that the following items are not forgotten: Research highlights are
identified briefly described; One author has been designated as the corresponding author with the following contact
details: E-mail address Full postal address All necessary files have been uploaded, and contain: Keywords All figure
captions All tables (including title, description footnotes) Manuscript has been 'spell-checked' and 'grammar-checked'
All references mentioned in the Reference list are cited in the text, and vice versa Permission has been obtained for use
of copyrighted material from other sources (including the Internet) Printed version of figures (if applicable) in colour or
black-and-white, indicating clearly whether or not colour or black-and-white in print is required.

For any further information please visit our Support Center.

PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and uploading
of your files. The system automatically converts your files to a single PDF file, which is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file to be used in
the refereeing process. This can be a PDF file or a Word document, in any format or layout that can be used by referees
to evaluate your manuscript. It should contain high enough quality figures for refereeing. If you prefer to do so, you may
still provide all or some of the source files at the initial submission. Please note that individual figure files larger than
10 MB must be uploaded separately.
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References

There are no strict requirements on reference formatting at submission. References can be in any style or format as long
as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of
publication, volume number/book chapter and the pagination must be present. Use of DOI is highly encouraged. The
reference style used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements needed to convey
your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork
and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in your initial
submission for peer review purposes. Divide the article into clearly defined sections. Figures and tables embedded in
text. Please ensure the figures and the tables included in the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the file. The corresponding caption should be placed directly below
the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for suitability
for the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert reviewers to
assess the scientific quality of the paper. The Editor is responsible for the final decision regarding acceptance or rejection
of articles. The Editor's decision is final. More information on types of peer review.

REVISED SUBMISSIONS

Language

Authors whose native language is not English are advised to seek the help of an English-speaking colleague, if possible,
before submitting their manuscripts.

Use of word processing software

Please use correct, continuous line numbering and page numbering throughout the document. It is important that the file
be saved in the native format of the word processor used. The text should be in single-column format. Keep the layout
of the text as simple as possible. Most formatting codes will be removed and replaced on processing the article. In
particular, do not use the word processor's options to justify text or to hyphenate words. However, do use bold face,
italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.

The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' functions of your
word processor. Regardless of the file format of the original submission, at revision you must provide us with an editable
file of the entire article. Keep the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check' functions of your
word processor.

Avrticle structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2,
...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-referencing:
do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary
of the results.

Material and methods



139

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are already
published should be summarized, and indicated by a reference. If quoting directly from a previously published method,
use quotation marks and also cite the source. Any modifications to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction and lay
the foundation for further work. In contrast, a Calculation section represents a practical development from a theoretical
basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion
section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices should
be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eg. (B.1) and so on. Similarly for
tables and figures: Table A.1; Fig. A.1, etc.

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

« Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and check
that all names are accurately spelled. You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower case superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication,
also post-publication. This responsibility includes answering any future queries about Methodology and Materials.
Ensure that the e-mail address is given and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was visiting at
the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address
at which the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals
are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should be not longer than 400 words. The abstract should state
briefly the purpose of the research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be avoided, but if essential, then
cite the author(s) and year(s). Also, non standard or uncommon abbreviations should be avoided, but if essential they
must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article. The
graphical abstract should summarize the contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership. Graphical abstracts should be submitted as a separate file in the online submission system.
Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image
should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our information site. Authors can make use of
Elsevier's Illustration Services to ensure the best presentation of their images and in accordance with all technical
requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the core findings
of the article and should be submitted in a separate editable file in the online submission system. Please use 'Highlights'
in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). You can
view example Highlights on our information site.
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Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general and
plural terms and multiple concepts (avoid, for example, ‘and', 'of"). Be sparing with abbreviations: only abbreviations
firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page

of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore,
include them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help
during the research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements: Funding: This work was
supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle,
WA [grant number zzzz]; and the United States Institutes of Peace [grant humber aaaa]. It is not necessary to include
detailed descriptions on the program or type of grants and awards. When funding is from a block grant or other resources
available to a university, college, or other research institution, submit the name of the institute or organization that
provided the funding. If no funding has been provided for the research, please include the following sentence: This
research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Nomenclature

Authors and editors are, by general agreement, obliged to accept the rules governing biological homenclature as laid
down in the International Code of Botanical Nomenclature, the International Code of Nomenclature of Bacteria, and the
International Code of Zoological Nomenclature. All biotica (crops, plants, insects, birds, mammals, etc.) should be
identified by their scientific names when the English term is first used, with the exception of common domestic animals.
All biocides and other organic compounds must be identified by their Geneva names when first used in the text. Follow
internationally accepted rules and conventions: use the international system of units (SI). If other quantities are
mentioned, give their equivalent in Sl. You are urged to consult IJUPAC: Nomenclature of Organic Chemistry:
http://www.iupac.org/ for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text where
possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables
are to be presented in italics. Powers of e are often more conveniently denoted by exp. Number consecutively any
equations that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors build
footnotes into the text, and this feature may be used. Should this not be the case, indicate the position of footnotes in the
text and present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables within a single file at the
revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats
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Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the images to
one of the following formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.

* Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and
with the correct resolution. If, together with your accepted article, you submit usable color figures then Elsevier will
ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed version. For color reproduction in
print, you will receive information regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the article,
or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place
any table notes below the table body. Be sparing in the use of tables and ensure that the data presented in them do not
duplicate results described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references
cited in the abstract must be given in full. Unpublished results and personal communications are not recommended in
the reference list, but may be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the publication date with either
‘Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In
order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed, please
ensure that data provided in the references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation details are not yet
known, but the article is available online. A DOI is guaranteed never to change, so you can use it as a permanent link to
any electronic article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo
R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the
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This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and
including a data reference in your Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global persistent identifier. Add [dataset]
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Word or LibreOffice.

Reference formatting
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publication, volume number/book chapter and the pagination must be present. Use of DOI is highly encouraged. The
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Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research. Authors who
have video or animation files that they wish to submit with their article are strongly encouraged to include links to these
within the body of the article. This can be done in the same way as a figure or table by referring to the video or animation
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AudioSlides
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to summarize their research in their own words and to help readers understand what the paper is about. More information
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AudioSlides presentation after acceptance of their paper.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to enhance it.
Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files will appear as such
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Research data

This journal encourages and enables you to share data that supports your research publication where appropriate, and
enables you to interlink the data with your published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data reuse, this journal also encourages
you to share your software, code, models, algorithms, protocols, methods and other useful materials related to the project.
Below are a number of ways in which you can associate data with your article or make a statement about the availability
of your data when submitting your manuscript. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References"” section for more information about data
citation. For more information on depositing, sharing and using research data and other relevant research materials, visit
the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to the dataset.
Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories, giving
readers access to underlying data that gives them a better understanding of the research described. There are different
ways to link your datasets to your article. When available, you can directly link your dataset to your article by providing
the relevant information in the submission system. For more information, visit the database linking page. For supported
data repositories a repository banner will automatically appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your

manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed data,
video, code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use, open access
repository. Before submitting your article, you can deposit the relevant datasets to Mendeley Data. Please include the
DOl of the deposited dataset(s) in your main manuscript file. The datasets will be listed and directly accessible to readers
next to your published article online. For more information, visit the Mendeley Data for journals page.

Data in Brief
You have the option of converting any or all parts of your supplementary or additional raw data into one or multiple
data articles, a new kind of article that houses and describes your data. Data articles ensure that your data is actively
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reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon publication. You are encouraged
to submit your article for Data in Brief as an additional item directly alongside the revised version of your manuscript.
If your research article is accepted, your data article will automatically be transferred over to Data in Brief where it will
be editorially reviewed and published in the open access data journal, Data in Brief. Please note an open access fee of
500 USD is payable for publication in Data in Brief. Full details can be found on the Data in Brief website. Please use
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MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX articles, a new kind
of article that describes the details of customized research methods. Many researchers spend a significant amount of
time on developing methods to fit their specific needs or setting, but often without getting credit for this part of their
work. MethodsX, an open access journal, now publishes this information in order to make it searchable, peer reviewed,
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alongside the revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an open access fee is
payable for publication in MethodsX. Full details can be found on the MethodsX website. Please use this template to
prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a
requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will have
the opportunity to indicate why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For more information, visit the
Data Statement page.
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Offprints
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published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any
communication channel, including email and social media. For an extra charge, paper offprints can be ordered via the
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do not receive a Share Link as their final published version of the article is available open access on ScienceDirect and
can be shared through the article DOI link.
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