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RESUMO

A avaliagdo da decomposicdo em diferentes niveis
e escalas (espacial e temporal) possibilita o
desenvolvimento de uma visdo integrada sobre a 6tic
deste importante processo ecoldgico. O objetivatedes
estudo foi avaliar a influéncia de diferentes estal
espaciais e temporais na decomposicéo de detoliases
e os efeitos da composicao quimica, invertebradoiEm-
organismos em riachos de regido tropical (BraBiyam
estudados rios do Norte de Minas Gerais (Capitd®)l e
do planalto central em Brasilia (Capitulo 3). Assista
tese é composta por 3 capitulos e o0s seus priacipai
resultados foram: 1-“Coarse Particulate Organic
Matter Dynamics in a Tropical Vereda System; onde a
producdo de serapilheira em area de veredas faa bai
(365g n¥ anc' de entrada terrestre e 181 ¢° rano'
vertical sobre o rio). A decomposicdo foliar foewdda
quando comparada com outros sistemas tropicais, com
valores maximos coincidindo com o periodo chuvd@so.
conteudo de ergosterol das folhas foi elevado, ams
densidades de esporos na agua foram baixas. Menos d
10% dos invertebrados foram fragmentadores, sudgerin
pouca participagcdo desta comunidade no processo de
decomposicdo. Apesar da baixa produtividade e adpid
decomposicdo, a matéria organica acumulada no deito
alta. Isso pode estar relacionado com ciclos dedacéo e
a dindmica de secas sazonais, permitindo o tratesper
detritos foliares das é&reas terrestre através dante da
agua. 2-‘Canopy degradation effects on temporal leaf
breakdown rates in a tropical stream”, os maiores
valores na taxa de decomposicdo foram observados no
periodo chuvoso, provavelmente devido as altas
temperaturas (aumento da atividade metabdlica)ugash
(maior abrasé@o fisica). Encontramos maior biomassa
microbiana (aumento de organismos fotossintétiams)
maiores densidades e riqueza de invertebrados (meno
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lavagem da comunidade pela agua) no periodo de Geca
fluxo de agua, temperatura e precipitacdo forarfaimses

que controlam a decomposicdo neste sistema. A
degradacdo do dossel modificou koe pode altera o
metabolismo do ecossistema (heterotroficas para
autotroficas), apesar da grande resisténcia ecalédas
"veredas". A degradacdo do dossel também deixou o
sistema mais suscetiveis a alteracdes sazonaig. Est
impacto ambiental modificou também as comunidades d
micro-organismos e invertebrados, indicando ques est
processo é um util bioindicador. ‘Fhe effects of spatial
scale on breakdown of leaves in a tropical watershg,

onde as comunidades microbiana e de fragmentadores
foram mais influenciadas pela escala local (ordemia),
conduzindo a decomposic¢ao foliar nesta escalaetanto,

as maiores influencias sobre o processo de decagapos
foram observadas em escala regional (sub-bacia),
mostrando que a escala de estudo altera a resgosta
processo estudado. As maiores taxas de decomposicao
(independente da qualidade do detrito) ocorreram em
ambientes com elevados valores de velocidade da, 4gu
oxigénio dissolvido e temperatura, 0s quais aceleca
metabolismo biolégico. Assim, bacias com microckma
mais quentes e coOrregos com niveis mais elevados de
nutrientes e oxigénio poderiam estar acelerando o
metabolismo do ecossistema, independente da qdalida
detritos.



ABSTRACT

The evaluation of the leaf breakdown at different
levels and scales (spatial and temporal) enables th
development of integrated view of this important
ecological process. The aim of this study was @uate
the influence of different spatial and temporallssdn the
evaluation and the effects of chemical composition,
invertebrates and micro-organisms in streams qfided
region (Brazil). Rivers in northern of Minas Ger&tate
(Chapter 1 and 2) and the central plateau in Baa€ity
(Chapter 3) were studied. Thus, this thesis casisthree
chapters and the main results were: ‘ICoarse
Particulate Organic Matter Dynamics in a Tropical
Vereda System’ Litter production in the riparian area
was low (365g M year" falling on the forest soil and 181
g m? yea' fallen directly into the stream). The litter
breakdown was high when compared with other South
American systems, with maximum values coincidinghwi
the rainy season. Ergosterol content in decompdsanges
was high, but spore densities in the water were Mearly
10% of invertebrates were shredders suggesting adte
in litter decomposition. Despite the low litterfalhd fast
decomposition, accumulated organic matter in the ibe
high. This could be related to seasonal flood/dnyasnics
allowing the transportation of terrestrial littento the
stream. 2*Canopy degradation effects on temporal leaf
breakdown rates in a tropical stream’, Higher values of
leaf breakdown ratek)( were observed in rainy season,
most likely due to high temperatures (increasingaimalic
activity) and rainfall (higher physical abrasiofjowever,
we found higher microbial biomass (increase of
photosynthetic organisms) and greater densities and
richness of invertebrates (lower washing power lagen
in dry season. Therefore, on the large temporap$ag)
water flow, temperature and precipitation were femors
controlling the k in this stream system. The canopy

3



degradation modify th& and can change the metabolism
of the ecosystem (from heterotrophic to autotrophic
despite the great ecological resistance of “veredHse
canopy degradation left the system higher susdeptd
seasonal changes. This environmental impact mddifie
also the communities of micro-organisms and invedies
indicate that this process is useful as bioindisat@-
“The effects of spatial scale on breakdown of leagédn a
tropical watershed”; The microbial and shredder were
most influenced at the local scale (stream ordigayling to
leaf breakdown in this scale. Moreover, differentethe
overall k and abiotic variables were more strongly
influenced at the regional scale (sub-basin), shgvihat
the study scale alters the response of the studigdbles.
We found higherk values (independent of the detritus
quality) at higher values of water velocity, dissm
oxygen and temperature, all of which acceleratégical
metabolism in response to variations on the rediscale.
Watersheds with warmer microclimates and streantls wi
higher nutrient levels and oxygen could be acctteydhe
ecosystem metabolism, independent of the detritafity.






INTRODUCAO GERAL

A origem da limnologia moderna geralmente é
reportada para o final do século XIX, quando o w@di
suico Francois Alphonse Forel iniciou os seus estuth
lago Léman, publicando trés volumes entre 1892G#.19
Entretanto, duas figuras assumem grande relevaria
consolidacao da limnologia como uma importante dcea
conhecimento, sdo eles o entomélogo alemdo August
Friedrich Thienemann e o botanico sueco Einar Gamis
Leonard Naumann. Thienemann e Naumann foram os
fundadores da Sociedade Internacional de Limnolegia
SIL (1922) que proporcionou grande impulso a
Limnologia, onde em seu primeiro congresso na eidid
Kiel (Alemanha), foi redefinida como sendo "a ciémue
estuda os corpos d’agua continentais do ponto sta vi
ecologico, independentemente do seu tamanho, orggem
concentracéo de sais". Apos estes eventos, aslivaisas
vertentes ligadas a limnologia se desenvolveramee s
consolidaram ao passar dos anos. Uma destas esrtpre
se consolidaram ao longo dos anos foi a relaciorada
ciclagem de nutrientes e do fluxo de energia.

Stephen Alfred Forbes trouxe o prenuncio do
conceito de ecossistema, com ideias sobre dinadeca
nutrientes e fluxo de energia na cadeia alimeriarbes,
1887; Croker, 2001). Esta visao influenciou ChaBE#sn
na década de 1920, que tracou importantes relagiiesa
forma de alimentacdo dos seres vivos, concluinde qu
estas interacdes tréficas ligam os organismos &drala
comunidade bioldgica. Tansley na década de 1930,
preferiu discutir o sistema como uma associacdo de
animais e plantas juntamente com os fatores fisicos
denominada ecossistema. Nesta mesma época Alfred J.
Lotka, discorreu sobre as taxas de transformacdo de
energia e matéria dentro dos sistemas ecolégicaséat
dos principios termodinamicos. Assim, todas estas
questbes culminaram em Raymond Lindeman, que foi
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responsavel por introduzir a ideia do ecossistesnaoam
sistema transformador de energia, fornecendo ut@gim
formal para o fluxo energético nos diferentes wivei
troficos (Lindeman, 1942). A partir das ideias mstas

por Elton (teia alimentar), Lotka (transformacdo de
energia) e Tansley (ecossistema) brilhantementgadas

ao conceito de ecossistema por Lindeman, surgiu uma
nova proposta de compreensdo dos sistemas ecadgico
(Lindeman, 1942; Ricklefs, 2003). Desta fusdo de
conceitos, novos elementos foram propostos paraonse!

o0 entendimento dos sistemas ecologicos, que foram:
cadeia alimentar, niveis tréficos e piramide dergize Na
década de 1950, por intermédio de Eugene Odum ganha
forca aecologia ecossistémicfundamentada nestes novos
conceitos, tratando principalmente do fluxo de giaee
reciclagem de matéria em diversos ecossistemas e
condicoes.

Os enfoques dos estudos referentes ao fluxo de
energia e ciclagem de matéria organica em ecassiste
aquaticos sofreram mudanca ao longo do tempo,
caminhando para uma visdo mais abrangente dos
ecossistemas, integrando padrfes e processos éms Var
niveis de organizagédo (Hynes 1970; Allan 1995, Cimam
et al.,, 1995, Wallace et al., 1997). Uma consegaénc
importante foram as primeiras pesquisas sobre
decomposicdo de tecido vegetal de origem aléctone
realizadas por Kaushik & Hynes (1971) e Petersen &
Cummins (1974), impulsionando os estudos para sutro
processos e sistemas (Cummins 1974, Minshall 1988,
Cummins et al. 1995). Tank et al. (2010), em urhatitzo
de revisdo construiram uma linha do tempo (Figura 1
ilustrando as principais contribuicfes para a ceepsao
do processamento da matéria organica em ecosssstema
I6ticos a partir de Lindeman (1942).

O avan¢co dos estudos limnol6égicos sobre o
processamento da matéria organica foi importante
principalmente para as regides de cabeceira das rio
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Normalmente estes ambientes sdo compostos podeios
primeira ordem que apresentam vegetacdo ciliar
sombreando o leito do riacho, formando matas derigal
Nestes ambientes a matéria organica aloctone pemten
da vegetacdo riparia € uma fonte de energia funataie
para as comunidades aquaticas, pela baixa lumambesid
que limita a producéo primaria (Mosisch et al., DOGica
evidente que a decomposicdo de detritos vegetaim é
processo ecologico chave para o funcionamento dos
ecossistemas I6ticos (Gessner et al., 1999), ppw €la
gue os nutrientes sdo mineralizados e disponibitiggara
0s produtores primarios, permitindo sua remobifizac
para a cadeia trofica (Allan, 1997; Cleveland gt24104).
Gessner et al. (1999) propds um modelo
tradicional de decomposicdo de detritos vegetais qu
separa este processo em 3 fasedixidiacdo é a rapida
perda de componentes quimicos sollUveis presentes no
detrito apdés a imersdo em agua (horas). O
condicionamento (semanas) corresponde a modificacéo
da matriz do detrito por incremento da biomassmideo-
organismos, acarretando em um enriquecimento
nutricional e melhorando sua palatabilidade para os
macroinvertebrados detritivoros chamados
fragmentadores. Os fragmentadores colonizam o detrito
(meses), e conseguem fazer uso direto do tecidar.fol
Ocorre também afragmentacdo fisica por abraséo
decorrente das condi¢cdes do meio, que assim como a
fragmentacdo bioldgica, seria a reducdo do dewito
particulas menores. Entretanto, esta sequénciaaldos
ocorre simultaneamente e interagem durante toda o
processo de decomposi¢ao dos detritos.



Aspectos ecologicos sobre
adinamica trofica
(Lindeman 1942)

0F61

S¥6l

Produgdo primaria 8
em aguas =,
correntes (Odum
1956) 2
Produtividade do l_-' o
ecossistema
(Odum 1957) %

S961

=]

3 Destino das folhas nos riachos
(Kaushik and Hynes 1971)

=] Decomposigdo de folhas em riachos

d (Petersen and Cummins 1974)

Conceito do Rio
Continuum
(Vannoteet al. 1980)

Sintese sobre decomposi¢do
(Webster and Benfield 1986)

|
086+

Decomposigdo com
folhas misturadas
(McArthuret al.
1994)

Nutrientes afetam

Fungos afetam a alimentacdo
dos invertebrados
(Arsuffiand Suberkropp
1988)

G86.

I 1

Hidraulica e retengdo de
material particulado

0664

(Ehrman and Lamberti 1992) Revisio metodoldgica fungo§
—I_ sobre decomposigio decompositores
Dinamica de matéria organica de = |1 (BoultonandBoon (Suberkroppand
longa duracdo (Wallace et al. 1995) § 1 1991) Chauvet 1995)
1 -

Volume especial da

revista J-NABS sobre

dindmica de matéria
orgénica (Webster
and Meyer 1997)

Decomposi¢do como
indicadorade integridade
ambiental e rios (Gessner
H and Chauvet 2002)

Produgdo de fungos e
bactérias sobre folhas
(Weyers and Suberkropp
1996)

Sintese sobre o
destino da matéria
organica (Webster

etal. 1999)

1
0002

Decomposi¢do em rios

Metabolismo e
decomposi¢do para
avaliagdo ambiental
de rios (Young et al.

2008)

urbanos (Meyer et al.
2005)

[ o0z o0z

Revisdo sobre
metabolismo e dindmica
de matéria orgénicaem

rios (Tank et al. 2010)

Decomposi¢ao em areas
agricolas
(Hagen et al. 2006)

Figura 1. Linha do tempo ilustrando as principais contribeg para a
compreensdo da dinamica de matéria organica, desicdp e metabolismo
em ecossistemas l6ticos. Adaptado de Tank e2atl().



Os invertebrados aquaticos sdo importantes no
processo de decomposicdo, principalmente os pertes
ao grupo tréfico funcional dos fragmentadores, gee
alimentam diretamente do tecido foliar e s&o mais
abundantes em trechos de cabeceira (Wallace d98R;
Cummins et al. 1989; Graca 2001). Porém, a relézanc
deste grupo tréfico funcional tem sido questionawa
processamento de matéria organica de origem vegesal
ecossistemas tropicais (Dobson et al. 2002), acosnan
bioma Cerrado. Em rios de regides tropicais a pgssee
fragmentadores tem se mostrado muitas vezes rata €Y
al., 2009), permitindo que outros grupos tréficos
funcionais (p.ex. raspadores) preencham este papel
funcional (Covich, 1988, Rezende et al., 2010)nabtam
conferindo aos micro-organismos decompositores maio
importancia neste processo (Gongalves et al.,, 2005;
Moretti et al., 2007).

A coloniza¢do bacteriana em folhas tem uma
importancia relativa menor em termos de biomassa
(Gaudes et al. 2009; Rincén & Santelloco 2009).
Normalmente, participam ativamente da colonizagd® n
estagios iniciais da decomposicao e atuam sobréculak
de facil assimilagcdo (Petersen et al., 1989; Tankdal).
Diante desse fato, especial atencdo tem sido dada a
estudo dos fungos avaliando seu papel na decordposic
no incremento nutricional do substrato (qualidade d
detrito), devido a sua capacidade de metabolizééaulas
de dificil decomposicdo como celulose e ligninan{@#o
& Gracga, 1996; Gessner et al., 1999; Graca, 200&m
desta variacdo, a comunidade bittica pode serindiada
pelos pardmetros abibticos locais, como: a elevaigio
concentracdes de nutrientes (da agua e do detrito),
temperatura e vazdo da agua (Gulis & Suberkropp4;20
Ardon & Pringle, 2007; Cornelissen et al. 2007)teBs
fatores podem promover o aumento da diversidade das
comunidades decompositoras e de suas atividades,
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acelerando a decomposicédo foliar (Gulis & Peteetesl.
1989; Suberkropp, 1998; Cornelissen et al. 2007).

Entretanto, apesar de alguns padrbes observados
sobre a decomposicdo, existem incertezas princgrabm
sobre 0s ambientes tropicais, onde encontramos emom
numero de estudos quando comparados aos sistemas
temperados. Perguntas como a variacdo na impatéosi
fatores bi6ticos e abioticos ao longo de uma essglacial
(ponto amostral, ordem de rio e sub-bacia) e teabpor
(horas, dias, semanas, meses e anos) ainda ndom esta
definidas em sistemas tropicais. Estas questbagragam
a medida que colocamos a influencia antrépica (ex.
degradacdo ambiental, perda de servicos ambientais,
emissdo de carbono e etc.) e suas implicacdes @ara
funcionamento do ecossistema. Assim, nota-se quidale
ao pouco tempo existente desde os primeiros esaidda
h& um longo caminho nesta area do conhecimento.

Ao considerar o estudo da decomposic¢éo foliar em
maiores escalas, é possivel o reconhecimento dégzad
emergentes e a identificacdo dos fatores que estmtos
ecossistemas em diferentes escalas (Wiens 198§s €te
al. 2009). Segundo Schneider (2001), estudos qurelein
apenas uma Unica escala podem estar sujeito sprab)
como: (i) a maioria das variaveis s6 podem ser daadi
diretamente em pequenas areas ou ao longo de geded
tempo curto; (ii) relativamente poucas variaveiggdgm
ser medidas em resolucdo fina em grandes esciips; (
mudancas em pequenas escalas ndo se mantém emsgrand
escalas.

Espacialmente, a escala pode ser percebida como
areas de rapido e remanso, que estdo dentro dbedree
estes estdo aninhados em rios extensos, que conmypdam
bacia hidrografica, enquanto que temporalmenteosem
processos que ocorrem em horas, outros levamrdeses
ou anos (Wiens 2002; Tiegs et al. 2009). Assima fic
evidente uma série de unidades geomorficas e teuspor
sucessivamente menores aninhadas (Wiens 2002; ébwe
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al. 2006) podem apresentar diferentes padroesdieas

e temporais a medida que mudamos a escala (Fiessgll
1986; Allan 2004). Através desta perspectiva, diagéo

da decomposicdo em diferentes niveis possibilita o
desenvolvimento de uma visdo integrada sobre a 6tic
deste importante processo ecolégico (Del Arco et al
2012).

Porém, a maior parte dos trabalhos que avaliam a
decomposicdo de detrito aléctone usando a bacia
hidrogréafica como unidade de estudo ou longos gesio
temporais foram realizadas em sistemas temperdaod (
et al. 2010; Del Arco et al. 2012). Assim, esta talsorda
aspectos relacionados decomposicdo de detritoardsli
em sistemas riparios tropicais, avaliando os efeitas
escalas espacial e temporal em ambientes tropiEats.
documento foi subdividido em Introducéo Geral, Arda
Estudo, Capitulos 1, 2 e 3 Consideracbes finais,
Perspectivas Futuras. O primeiro capitulo, intdola
“Coarse Particulate Organic Matter Dynamics in a
Tropical Vereda System”, 0 segundo capitulo que tem
por nome‘Canopy degradation effects on temporal leaf
breakdown rates in a tropical stream”, e o terceiro e
ultimo capitulo, encontra-se publicado na revidts®ne
(doi:10.1899/08-170.1), ¢é intituladdThe effects of
spatial scale on breakdown of leaves in a tropical
watershed”.

Objetivo Geral da Tese:

Avaliar a influéncia de diferentes escalas espsaciai
e temporais na decomposicdo de detritos foliarddmA
disso, foram avaliados os efeitos da composicamiqaj
invertebrados e micro-organismos neste processo em
riachos de regido tropical (Brasil).
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Objetivos dos Capitulos:

Capitulo 1

1. Avaliar a contribuicdo das espécies vegetais na

entrada de matéria organica no aporte vertical e
terrestre durante 12 meses em uma vereda
preservada.

Mensurar a contribuicdo dos tipos de matéria
organica (folhas, galhos, flores e frutos,) no &gpor
vertical e terrestre durante 12 meses em uma
vereda preservada.

Estudar a taxa de decomposicdo foliar da mistura
de folhas que entra pelo aporte vertical, além da
densidade e biomassa de invertebrados, biomassa
microbiana e esporulacdo de hifomicetos
aguaticos associados a esta matéria orgéanica
vegetal aloctone durante 12 meses em um sistema
I6tico de vereda preservada.

Capitulo 2

4.

5.

Descrever a dindmica temporal (um ano) das taxas
de decomposicdo de folhas em uma vereda com
dossel degradado.

Caracterizar as mudancas fisicas, quimicas e
biolégicas do processo de decomposicao foliar ao
longo do ano em uma vereda com dossel
degradado.

Identificar possiveis indicadores ambientais da
degradacdo do dossel no processo de
decomposigao foliar.

13



Capitulo 3

7. Avaliar o efeito da variabilidade natural de
algumas estruturas fisicas do meio sobre as
comunidades e o coeficiente de decomposicdo de
Eucalyptus cloezian&. Muell elnga laurina Sw.
willd.

8. lIdentificar o fator controlador em diferentes
gradientes e escalas de estudo (ordem de rio e sub-
bacias).
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AREA DE ESTUDO

Os experimento que compde esta tese ocorreram
em zonas de vegetagcdo riparia do Bioma Cerrado. A
vegetacdo riparia € um dos principais sistemas
responsaveis pela conservacdo dos processos ecsligi
nos sistemas aquaticos dos quais estdo assochi@iosah
& Decamps 1997; Wantzen et al., 2008). Este ambient
gue naturalmente margeia 0s corpos aquaticos possui
varias fungbes como a filtragem do escoamento
superficial, controle de aporte e erosao pelo Wamdas
chuvas pela copa das arvores, aumento da capadigade
armazenamento de &gua e o equilibrio térmico, que
mantém a integridade da microbacia sobre sua mflaé
(Naiman & Decamps 1997; Lima & Zakia, 2001).

A vegetacdo riparia também serve como
importante corredor longitudinal e transversal gateoca
de material e dispersdo da biota (Naiman et aDpRCe
portanto, € muito mais que uma faixa-tampao (Nai&an
Decamps 1997; Wantzen et al., 2008). Este € unoeaot
com caracteristica peculiares em relacdo a confamsic
floristica, biodiversidade e processos ecoldgicos,
exercendo grande controle no balanco energético dos
sistemas loticos (Naiman & Decamps 1997; Lima &idak
2001; Wantzen et al., 2008).

A vegetacao riparia pode ser subdividida em duas
categoria, mata ciliar e mata de galeria. A maliarcé
definida como a vegetacao florestal que acompash®®
de médio e grande porte, onde o dossel da veget&gho
forma galerias. A mata de galeria corresponde ataego
gue acompanha os rios de pequeno porte e coérregos,
formando corredores fechados (galerias) sobre soatle
agua. A altura média do estrato arboreo varia @ftre 30
metros, apresentando uma superposicdo das copas que
fornecem cobertura arbérea de 70% a 95%, onde uo se
interior a umidade relativa é alta.
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Dentre os diferentes tipos de vegetacdo ripéria, o
Bioma Cerrado apresenta uma peculiaridade, quenséo
ambientes de vereda, uma importante fitofisionodeiste
bioma estudadas n@apitulos 1 e 2(Figuras 2 e 3). As
veredas sdo formacdes vegetais hidrofilas, tipidas
matas de galeria no Cerrado, e possuem coOmo
caracteristicas rios com leitos bem definidos miode de
seca seco, que se transformam em areas pantanosas
durante o verdo chuvoso, condicionada, basicampaote,
fatores fisicos, como superficies planas ou furlasos
alagados, associado a um camada superficial sigtarpo
acima de outra impermeével (Drummond et al. 2005;
Moreira et al., 2011).

As veredas além de possuirem importancia
ecologica, também possuem importancia socioecomdmic
para a comunidade local que explora comercialmente
frutos e folhas do buriti (Mauritia flexuosa L.)fa&zem a
captacdo de agua para abastecimento. M flexuosaaé u
palmeira de folhas grandes que pode chegar a até 35
metros, nativa das regifes Central e Norte da Aaéo
Sul (Moreira et al.,, 2011). As veredas figuram témb
entre as areas prioritarias para conservacao doadoer
(refagios  fauno-floristicos), pois representam um
“bercéario” para diversas espécies de peixes dertdpcia
econdmica para a regido e constituem fontes hirica
(nascentes), que alimentam os cursos d'agua (Drutimo
et al. 2005; Moreira et al., 2011).

O local de estudo d@apitulo 1 e 2(Figuras 2 e
3) corresponde a veredas pertencentes a bacia do Rio
Pandeiros, localizada nos Municipios de Januarismit®
de Minas e Cénego Marinho, todos pertencentestadees
de Minas Gerais. Estes municipios estéo situadosgi@o
do Médio Sdo Francisco, no lado esquerdo do Rio Sé&o
Francisco da Microrregido de Januaria e Macroreegid
Norte de Minas. Bonito de Minas possui area del13421
km?, altitude média de 600 metros, com uma populagao d
3.902 habitantes. Cénego Marinho possui area d®,26
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km?, altitude média de 640 metros, com uma populae&o d
6.279 habitantes. O municipio de Januéria possa de
6.670,41 krf altitude média de 455,59 metros, com uma
populagdo de 64.985 habitantes. Nestes municipios
localiza-se a Area de Protecdo Ambiental do RialB@os
(APA-Pandeiros). Esta possui uma area de 380.000 ha
com as tipologias florestais predominantes de @erra
Floresta Estacional Decidual e Semi-decidual e d&3e

O local de estudo d@apitulo 3 (Figuras 4 e 5),
corresponde a matas de galeria da Area de Protecéo
Ambiental (APA) Gama e Cabeca do Veado, pertencente
ao Distrito Federal. A APA Gama e Cabeca do Veadlo f
criada pelo Decreto n® 9417 de 21 de abril de 1886
Governo do Distrito Federal, tendo como um dos
principais objetivos a prote¢do das cabeceirascdosos
d'agua que integram a bacia do Paranoa (Figur&sta
area possui cerca de 25.000 hectares compreendendo
mais diversos usos (urbano, rural, preservacdo e
experimentacdo), com destaques para as areas:vleser
Ecoldgica do IBGE (RESEC do IBGE); Estacao Ecolagic
UnB (ESEC da Universidade de Brasilia); Estacéo
Ecoldgica do Jardim Botanico de Brasilia (ESEC do
Jardim Botanico), como as maiores areas de presarva

A ESEC da Universidade de Brasilia € uma
fazenda experimental e de ensino da Universidade de
Brasilia com 4.500 hectares, onde cerca de 1.26@res
estdo destinados a experimentos e producado agesithh
2.340 hectares para preservacao e o restante alécarea
de 950 ha) mantidos em bom estado de conservacdo. A
Reserva Ecologica do IBGE com 1.360 hectares é uma
unidade de conservacdo permanente criada pela
presidéncia do IBGE, em 1975 que inclui nascentes d
importantes cursos d'agua que formam a Bacia dmBar
A Estacéo Ecologica do Jardim Botéanico de Brasibian
5.000 hectares tem como objetivo proteger as mais
diversas fisionomias de Cerrado, bem como proteger
cabeceiras do Corrego Cabeca de Veado.
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(A)

(B)

Figura 2. Imagem dos pontos amostrais nas veredas utilizadapitulo 1
(A) e Capitulo 2 (B), localizadas na Bacia do Raméeiros (Fotos: Renan
Rezende).
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Figura 5: Fotos dos pontos de coleta na Bacia do Rio Ga@abeca de
Veado - DF. (Fotos: Renan Rezende).
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ABSTRACT

We assessed litterfall, breakdown rate, density and
biomass of invertebrates, and microbial biomass and
sporulation of aquatic hyphomycetes during one year
South American vereda / morichal stream. Litter
production in the riparian area was low (365§ geaf*
falling on the forest soil and 181 gayear" fallen directly
into the stream), but litter breakdown was high mhe
compared with other South American systems (k =%.03
range 0.013 — 0.084) with maximum values coinciding
with the rainy season. Ergosterol content in decusimy
leaves was high when compared with other South
American studies (mean 549 pg;gange 290 — 1,183),
but spore densities in the water were low. Chiroidgnn

the benthos accounted for ~ 70% of all invertelsrate
nearly 10% of non Chironomidae invertebrates were
shredders. Invertebrates were not abundant in litigs (X
specimens / g of litter) suggesting a low role iitet
decomposition. Therefore, fungi are the driverditbér
decomposition in the “Vereda”. Despite the lowelitall
(productivity) and fast decomposition, organic reatt
accumulated in the stream bed (> 1 m thick ofr)itt€his
could be related to seasonal flood/dry dynamicswatig

the transportation of terrestrial litter into thteeam.

Key words: decomposition, breakdown, litter fall,
microbial communities, sporulation, shredders.

INTRODUCTION

Allochthonous organic matter, particularly leaf
litter, is an important energy source for low ordegeams
especially where canopy shade stream beds limiting
primary production (Tank et al. 2010; Webster anelyibt
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1997). Studies on the dynamics of allochthonousriit
matter and leaf decomposition in streams are cdrated
mainly in temperate deciduous forests (Abelho 2001;
Webster and Meyer 1997) and, in a lesser exterthén
tropical (but see Boulton et al. 2008; Wantzenl.e2@08).
“Tropical stream” is a designation for water bodiesning
through very heterogeneous environments, including
rainforests, mountains, savannas dry forests, ahdr®
(Boulton et al. 2008). Among those environments,
grasslands or savanna occupy large areas of Soothida
and are locally known as “Llanos”, “Pampas” and
“Cerrados”, the later can have a larger numberegst

In some grasslands groundwater outcrops along
streams promote the formation of swampy gallergdty
locally known as “veredas” in Portuguese and
“morichales” in several Spanish speaking countries
(Moreira et al. 2011; San-Jose et al. 2010). Thedas are
characterized byMauritia spp. palm trees (Moreira et al.
2011) and subject to seasonal inundations pulse gls®
the flood pulse concept by Junk et al. 1989). Vaseare
priority areas for the Cerrado conservation becaheg
are biological refuges, nursery areas for many fistn
economic local value and source of water for local
populations (Drummond et al. 2005; Moreira et @12,
San-Jose et al. 2010). Veredas are also threatbyed
pollution and habitat modification for food prodiact.

Given the high tree and shrub density of some
veredas, it is likely that organic matter in thesstems
could be an important energy source for their stieaAs
far as we know, there is no baseline informatioouhb
organic matter input and nutrient cycling / litter
decomposition and therefore it is difficult to meses
deviations from the reference conditions in thegdesns
subjected to strong human pressure including agpiey
livestock production and wood harvesting (Boavemtur
2007; Moreira et al. 2011).
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We made four predictions regarding the organic
matter dynamics in a vereda. Firstly, we predicteat
because of elevated temperatures and non-limitiatew
availability, primary production in a veredas isglhi
resulting in large production of litter. We alsoegicted
seasonality in litterfall, with peaks coincidingtivithe dry
season (water stress) and with the onset of raagon (by
mechanically leaf removal). Because “tropical’ atns
have often been referred in the literature as poor
shredders (Abelho 2001; Gongalves et al. 2007; Mawgt
al. 2010; Wantzen and Wagner 2006) and poor intaqua
hyphomycetes (Schoenlein-Crusius and Grandi 2Gf8),
third prediction is that shredders and aquatic
hyphomycetes will not be abundant and, consequently
decomposition will be slow.

Finally, as physical abrasion is an important
process in leaf breakdown (particularly when thisrow
microbial and shredder activity), then we predicthdt
decomposition would be faster during the rainy sea3o
address the above predictions we assessed littditizir
breakdown, density and biomass of invertebratesl an
microbial biomass and sporulation of aquatic
hyphomycetes of detritus during one year in a
Southeastern Brazil vereda.

MATERIALS AND METHODS
Study Site

The study was carried out in the Pandeiros River
basin, in Brazil, a sub-arid region with 900 — D20m
rainfall and 24 °C mean temperature (Fig. 1). itk was
measured monthly from April 2009 to March 2010 glen
50-m-long strip in the vereda.
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Fig. 1 Sampling site in Pandeiros River Basin in Minas&ie Brazil.
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Physical and Chemical parameters of the stream
waters

A multianalyzer (YSI Incorporated, model 85) was
used to measure thén situ temperature, electrical
conductivity, pH, and dissolved oxygen. Luminositythe
stream surface was continuously recorded with a
datalogger (Onset, HOBO UA-002-08). We estimated
water current velocity with a flow meter (Global &g
model Sigma Sports FP101) depth and width with
measuring tapes. Water samples were collectediléster
vials) placed into ice boxes and transported to the
laboratory to measure total alkalinity (Gram method
Carmouze 1994), nitrate (cadmium reduction method;
detection limit: 0.05), ammonia (Nesslerization Inoet;
detection limit: 0.05) and orthophosphate
(vanadomolybdophosphoric acid method; detectiont:lim
0.015; Bartram and Ballance 1996 ; Clesceri efl@R9).
The canopy openness was quantified using hemisgheri
photographs taken with a fisheye lens. Data offadiand
air temperature were obtained from the meteorofdgic
station (number 83386), located 15° 26’ S, 44°22'avd
473.6 m altitude of National Agency of Waters ofaBt
available on the website hidroweb
(http://hidroweb.ana.gov.br/).

Litterfall

The organic matter falling directly to the ground
(terrestrial input - TI) was estimated using 6 r@ts, 1-
mm mesh; 3 in each side of the stream; 10 m apattigr
entering directly in the river (vertical input - Mwas
measured using 30 buckets (0.59 suspended with ropes
2 m above the stream, transversely displayed ioms,r6
buckets each, with 10 m between adjacent rows. The
bucket bottoms were perforated for rain water eation.
At monthly intervals the litter accumulated in theckets
was retrieved, weighed (wet weigim)situ, and the bucket
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with the highest (wet) leaf mass in each row wadusr
the leaf breakdown experiments (see below).

The contents of the remaining five buckets of each
row were oven dried to constant mass (60 °C, 72he);
resulting weight was used to estimate the moistdirne
litter used in the leaf breakdown experiment asraection
factor. The dry material was separated into categor
leaves, branches), reproductive material (flowersl a
fruits) and “miscellaneous”. Leaves were identified
according to theAngiosperm Phylogeny Group system
(APGII 2003).

Leaf litter breakdown and aquatics invertebrates

Leaf breakdown is traditionally measured by
immersing known amounts of monospecific litter in
streams and samples recovered at time intervals to
determine mass loss through time, frequently fittthe
mass loss values in an exponential regression (mass
time; see Barlocher 2005). This process demandsidre
visits to the experimental site, which is not picadt if
seasonal variation is investigated in remote areas.
Moreover, litter used in these experiments mayraféect
the real quality of the litter reaching streamsimyrthe
experiments. As an alternative, the material ctdlédn
five of the buckets above the stream was weighed (s
above), and placed in 30 x 30 cm litter bags, 10 mmesh
size and submerged in the stream until the nexpkagn
period (30 days). The amount of material placedags
ranged from 1 to 3 g. After one month, litter saesplvere
removed and replaced by new ones. After remowuagr i
bags were placed into boxes with ice and transpaot¢he
laboratory.

In the laboratory, litter remains were washed with
distiled water over a 250-um sieve. The retained
invertebrates were fixed in 70% ethanol and later
identified to the family level according to Pére088);
Merritt and Cummins (1996) and classified into five
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functional trophic groups (Pérez 1988; Merritt and
Cummins 1996): gathering-collectors, filtering-eatiors,
shredders, scrapers, and predators.

Leaf discs (12-mm diameter) were removed from
randomly selected leaves for ash-free dry mass (AFD
calculations, ergosterol, ATP and sporulation (&cslifor
each analysis; see below). The remaining litter plased
in aluminum trays and dried in an oven at 60°C7#dih to
determine the dry weight.

Microbial biomass

The biomass of the fungi associated with the
decomposing leaf litter was assessed by ergosterdént
according to Gessner (2005). The lipid was extchtte
boiling the samples in KOH/methanol, and the oladin
extract was filtered. The ergosterol was then dlute
isopropanol and analyzed by high-performance liquid
chromatography (HPLC). The total biomass of the
decomposer microorganisms (aquatic hyphomycetes and
others) was measured by quantifying the ATP inldhees
as described in Abelho (2005): leaf discs were
homogenized (Polytron, 1 min, position 30) and the
resulting material centrifuged (Eppendorf 5430R,n2@,
4° C and 10,000 g), filtered (Sterile Millipore20um) at
10° C and the samples were placed in a reactioselves
(Eppendorf, 2 ml) with the Firelight enzyme (50 (l@ad
the bioluminescence (proportional to the ATP leweds
measured in a luminometer (Luciferin-Luciferase
reaction).

Aquatic hyphomycetes

To assess the sporulation of the hyphomycetes in
the decomposing litter, five discs from each littag were
incubated separately in an orbital shaker (100 rjmm)
Erlenmeyer flasks with 50 ml of filtered (Sterileilipore
5mwp, 0.25 mm) river water at 25 °© C in the labamat
After 48 h, the suspension containing the spores fixad
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with formaldehyde for counting and identificatiomder
the microscope according with Barlocher (2005) Gudis
et al. (2005). In addition, to determine the rickx@nd
density of the hyphomycete spores in the watermn|ub
L of water were filtered and stained with lactopble
cotton blue (0.1%) for later counting and idengfion
under the microscope (400 X).

Statistical Analysis

Data normality was assessed with the
Kolmogorov-Smirnov test, the homogeneity of varesc
was assessed with Levene’s test, and values we(e 1)n
transformed if needed. For litter fall, differendestween
the terrestrial and vertical inputs were analyzegl b
repeated-measures ANOVA (RM-ANOVA). The RM-
ANOVA can be used in nested sampling, as when tegea
measurements are taken from the same individuabym
case, buckets and nets), or observational studies a
conducted at several different spatial scales (most
random effects), for more information see alsodhapter
11 of Crawley (2007). Contrasts analysis was used t
assess differences between the categorical vasiable
(Crawley 2007). Leaf litter breakdown rates (“k’} a
monthly intervals were obtained assuming a negative
exponential model of percent mass loss during ¢hde/s
of incubation Wt:Woe"“; Wit=remaining weight;
W=initial weight; -k=decay rate; t=time). RM-ANOVAs
and contrasts analyses were used to test for wignif
differences between months (categorical variakleghe
remaining mass, invertebrate and shredders abueslanc
microbial (ATP) and fungal biomass (ergosterol),
sporulation rates and spore densities in the wditee
association between some variables was assesshd wit
Spearman’s correlation (Crawley 2007).
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RESULTS

Physical and Chemical Parameters of Stream Waters

Precipitation during the studied period was low
(92.2 £25.0 mm, mean * SE; Fig. 2) with peaks inoDer
to April. The average stream flow was 0.4 (+0.Ejsnand
water temperature ranged from 21 to 28 °C (mead 24.
0.4 °C). Stream water was circumneutral (pH =£03),
with low levels of oxygen (4.4 0.3 mg/l), electic
conductivity (19.5 +2.2 pS/cm), alkalinity (49.8 .34
mEg/l), ammonia (<0.05 mg/l), nitrate (0.1 mg/l)dan
orthophosphate (<0.015 mg/l; Table 1).
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Fig. 2 Litterfall in the riparian area (dark gray), anddirect inputs in the
river (light gray) and rainfall (black triangle) érair temperature (black
square), over time (Mean and standard error).
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Table 1 Flow (n?.s), pH, dissolved oxygen (mg), electrical conductivity (condut., uS.&mwater temperature (T. water in °C), alkalinity
(Alkal., mEq.LY), ammonia, nitrate and orthophosphate (OrthoP)cemmations (mg.t) in the stream water and total rainfall

(Precipitation.mm), air temperature (T. air in @ luminosity (lux) from April to March in the \eta. No average was calculated when
values were below the detection limit. NA = not kg

April May June July Auguseptembe®ctobemMNovembeDecembedanuanfFebruaryMarch Mean Std. Error

Flow 0.37 035 019 0.15 0.15 0.15 0.25 0.25 0.42 880 098 059 0.39 0.08
pH 77 71 71 76 7.2 7.1 6.7 6.7 7.6 7.9 7.2 7.4.3 0.1
Oxygen 68 48 38 3.0 3.2 55 4.2 53 4.5 4.1 3.744 44 0.3
Condut. 13.7 223 26.7 22.715.7 25.0 25.5 28.0 15.9 22.1 15.0 14 195 2.2
T. water 251 219 251 245 242 225 22.8 247 925 252 26.2 254 244 0.4
Alkal. 69.12 36.51 37.72 37.54 38.62 54.12 33.01 60.82 4141 47.33 78.43 6349.79 4.32
Ammonia  <0.05<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.12 <0.05 <0.05 <0.6B.05 NA
Nitrate 01 01 01 01 0.1 0.1 0.1 0.1 0.1 01 10 01 01 0.0

OrthoP. <0.0150.015<0.015<0.015<0.015 0.016 <0.015 <0.015 0.016 <0.015<0.015 <0.01%0.015 NA

Precipitatior 210.9 20.5 4.6 15 40 38.8 215.5 28.8 2203 107.7 57.®7.0L 92.2 26.7
T. air 251 242 218 222 233 24.3 25.2 26.1 27.228.2 271  26.1 249 0.5
Luminosity 11.6 19.6 86.1 423 23.6 19.6 11.7 10.0 9.0 8.0 9.0 10.0 217 6.7
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Organic Matter Inputs

Annual organic matter input (Terrestrial input-TI)
in the riparian area was two-fold higher (365 § year",
or 31 g nf month’), than over the stream bed (Vertical
input-VI; 181 g nf year', or 15 g rif month'; Fy, 430 =
34.2, p < 0.001; Fig. 2). Litterfall was seasonaimodal
with two input peaks, one in March - April and amad
(larger) in September and Octobefi{Fs7n = 3.2, p <
0.001); minimum values were recorded between Mal an
August. Litter inputs were correlated with rainféfl =
0.67, p = 0.01) i.e. maximum litterfall coincidedhwvrainy
events, but not with maximum air temperature (.330p
=0.31).

Overall, the major components of Tl and VI were
virtually identical and composed mainly by leavé8%
Tl, 63% VI) followed by branches (20% TI, 15% VI),
miscellaneous (8% TI, 15% VI) and reproductive mate
(4% TI, 7% VI; Table A1 and Fig. A1A and A1B). Amgn
the plant species, an unidentified liana (Indetaata sp.
2) was the largest contributor to leaf litter f@dspecially
between August and October), followe&€ecropia
pachystachyalrécul (August to October)Zygia latifolia
(L.) Fawc. and Rendle (October, December, and Jghua
and a minor contribution by a second unidentifiechd
species (Indeterminatsp. 1), Croton urucuranaBaill.,
Mauritia flexuosalL.f., Simarouba versicoloA.St.-Hil.,
Styrax camporunPohl andXylopia emarginataMart. in
both compartments (Fig. A2).

Leaf Breakdown Rates

Overall leaf litter lost on average 53% of its mass
(range: 33-86%) in one month; that correspondsrieean
k value of 0.033 (0.013-0.084 range). Litter breakd
was seasonal (fso) = 7.4, p = 0.02), with maximum
values in April, September and December (rainy aeas
= 0.44, p = 0.01) and minimum in May to August (dry
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season; Fig. 2 and 3). Highest leaf litter breakuaates
were also correlated wit@. urucurana(r = 0.72, p = 0.01)
andM. flexuosa(r = 0.59, p = 0.04) were more abundant in
the litter.
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Fig. 3 Remaining mass (black line - %) and decompositites (gray bars -
k) along one year (means and standard error)

Microbial Assemblages

The mean (+ SE) ATP was 456 + 57 nmolés g
AFDM, with a maximum of 1327 nmoles’dn February
and a minimum of 17 nmoles™dn December. The
difference was significant (Fso) = 49.15, p < 0.01) across
months (Fig. 4A). The ergosterol mean (xSE) content
leaves was 549 + 88 pg'AFDM, with a maximum of
1183.3 pg g in August and a minimum of 289.8 ug in
April (Fig. 4B) but no differences across monthg b =
0.23, p = 0.64). Ergosterol and ATP concentrativese
positively correlated throughout the year (r = 0.p6=
0.01). The lowest Ergosterol (r = -0. 51, p = 0.844 ATP
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(r = -0.34, p = 0.01) values were obtained durimghh
flow.

Sporulation rates were highly variable with no
apparent relationship with other variables. Maximum
sporulation rates in leaf litter reached 6.42 (spbong
AFDM) in June, but zero spore production was found
January, February, July and December (Fig. 4C) ramd
differences were observed across monthgs¢f~= 0.01, p
= 0.92; mean 1.48 spores/thFDM). In the same way,
spore richness in the water was very low (meanfahgal
species, range of 0 to 6 spores "'m§FDM) with no
monthly variations (k50 = 1.02, p = 0.43). The spores in
the water includednguillospora filiformis Anguillospora
longissima Anguillospora furtive Lunullospora curvula
Lemoniera pseudofoscularicelophorus acuminatysand
Ypsilina graminea

Aquatic invertebrates

The number of invertebrates colonizing leaves
ranged from 197 (July) to 12 individuals® gAFDM
(February), with an average of 84 individual AFDM
and no differences across monthg £ < 0.7, p > 0.41,;
Fig. 4D; Fig. A3). Neither total invertebrate ndwadder
densities were correlated with mass loss (r < ;00&
0.54). The most abundartaxon in leaves was the
Chironomidae (Diptera), with 68% of total individsa
(mean of 58 individuals AFDM). Nearly 10% of non
Chironomidae invertebrates were shredders and et m
important taxon being the Odontoceridae (Trichoptera;
Fig. 4E; Fig. A4).
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DISCUSSION
Organic Matter Dynamics

Ouir first prediction that litter production woul@ b
high in the vereda was not supported. Our estimabid
direct litter input to the stream of 365 g°rgear’, was in
the lower range of the reported values for othepital
forests (113 — 1445 g.fnyeaf’; reviewed by Abelho
2001), but close to the 288 — 336 & gear" reported for
other Cerrado streams (Franca et al. 2009; Gorgalval.
2006a; Gongalves and Callisto 2013). The real value
organic matter available for decomposers could \&n e
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lower since the direct input into the rivers wasunhe half

of the input measured as litterfall in the ripariarea, a
tendency also observed in other studies in thea@er(e.qg.
Franca et al. 2009; Goncalves and Callisto 2018)imthe
Atlantic rain forest (697 in VI — 856 in TI g fryeaf* by

Gongalves et al. 2014).

However, the material falling in the riparian area
can potentially be accessed by aquatic decompoBhkes.
veredas are subject to seasonal inundations puse a
described by Junk et al. (1989) for flood pulsecamt in
aquatic/terrestrial transition zone (ATTZ), andhigaters
can take litter from the stream into the banks, the
reverse can also be true. It is therefore not deav the
availability of litter inputs to the aquatic systectan be
related with flood-dry seasonal dynamics. Sinceindur
high waters litter in the riparian zone is submdrgee
propose a mean value of direct and riparian zomgsts,
which in our case would be 273 ¢?rpeai™. This low litter
productivity can be the result of Cerrado nutripatr
soils (Drummond et al. 2005; Moreira et al. 20144l she
stress imposed by the flood and dry cycles.

Litterfall was markedly seasonal as reported for
other tropical systems (e.g. Abelho 2001; Wantzeal.e
2008; Zhang et al. 2014) corroborating our second
prediction. It was more intense at the end dry easd
the start of the rainy season (August, Septembad, a
October) suggesting that two types of leaves may be
arriving in the streams: (1) senescent leaves @ dty
season and (2) green leaves mechanically removedeby
rain. If this is the case, leaf litter stock may dmmposed
by leaves of contrasting quality, resulting in sewd
differences in decomposition rates.

Litterfall seasonality was driven mainly by the
input of the four dominant species in the litt€ecropia
pachystachyand Zygia latifolia and the two lianas. This
contrasts with less species richness and evennbes w
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compared as other tropical streams (Franca et(fl9;2
Goncalves and Callisto 2013; Gongalves et al. 2006a

Leaf Breakdown Rates

Litter breakdown rates in this study (k~0.033)
were faster according to the classification of Weband
Benfield (1986) and the model proposed by Goncadtes
al. (2013; k > 0.017) for tropical systems. It vedso faster
than values reported for Cerrado streams (0.000D015
in Gongalves et al. 2007; Gongalves et al. 2012a;
Goncalves et al. 2006b; Moretti et al. 2007b). Ehesults
do not support our third prediction, although corngmns
should be done with caution since in the literatonest
values are obtained for leaves of single species.study
has used the mixture of available leaves in eaelscse
which more closely represents natural conditions.

Biologically-driven leaf breakdown could be aided
by physical abrasion since higher rates of breakdow
occurred in the rainy period which is when the entr
increased and physical fragmentation is expecteteto
more intense (Rueda-Delgado et al. 2006; Santoseean
et al. 2012), supporting our fourth prediction. KAutchally,
high waters may carry nutrients from the ripariame
(Naiman and Décamps 1997), which even at low levels
they could stimulate microbial activity. Indeed,
decomposition seems to increase rapidly with notrie
concentration in a Michaelis—Menten type relatidpsh
(Ferreira et al. 2006) suggesting that at low rangé
decomposition, small increases in nutrients car lzavery
important stimulatory effect on decomposition (Resal.
2013; Woodward et al. 2012). It is also possibl thaves
falling during the rainy season could be of betjaality
than the senescent leaves of the dry season, dtleeto
reduction of water stress and increased nutriesitability
(higher decomposition). These results are diffeterthose
found by Ferreira et al. (2014), who in their matelysis
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suggests that the effect of nutrient enrichmenthinige
strongest in cold oligotrophic streams that depemdiow-
quality plant litter inputs.

Litter breakdown is influenced by litter traits
(Goncalves et al. 2012b; Meentemeyer 1978; Rueda-
Delgado et al. 2006); it is therefore expectabé, thesides
physical abrasion and fungal activity, seasonahtian in
litter breakdown could reflect changes in the da@nce of
species in the litter. Indeed, faster decompositiates
were observed when litter fror@roton urucuranaand
Mauritia flexuosa were more abundant. It would be
interesting to investigate the quality of leaves thé
dominant species to determine whether seasonal
differences in litter decomposition are controlleg the
leaf quality.

Biological assemblages

Fungal biomass in decomposing litter in the
vereda (549 +88 g ergosterct 4FDM +SE) was higher
than the values reported for other South Ameriecaaisna
streams (50 — 420 pg*gange for Goncalves et al. 2007;
Goncalves et al. 2006c¢), forest tropical streams 180 ug
g* range for Capps et al. 2011; Foucreau et al. 2013;
MacKenzie et al. 2013), and in the range of tempera
streams (200 — 1200 pg' gange for Danger et al. 2013;
Feio et al. 2010; Lecerf et al. 2007). This suggedbat
fungi are important decomposers in veredas in ashtr
with other South American studies. This importamaes
reinforced by the significant correlation betweegosterol
and ATP. We also observed ATP values were high
compared to most temperate streams systems (0208 —
nmoles & range for review of Abelho 2001) and similar to
other tropical streams (100 — 750 nmolés rgnge for
Abelho et al. 2005; Gongalves et al. 2007; Goncabteal.
2006c).

a7



The high fungal biomass (especially in January
and August) does not support our third predictiérioa
fungal biomass, but contrasted with the low andgiatar
sporulation rates in detritus and spore richneskanvater
with zero spores in some months. It is possiblet tha
sporulation rates are naturally low in these systemwe
may be losing key undescribed spores, highlightime
need for further research in this system. It i® ggssible
that low sporulation rates were a methodologicéfaat
since intense sporulation frequently occurs in thas one
month after the leaves fall in the water (Ferretaal.
2012). If this is also the case in the vereda, wssed the
important reproductive period. The most abundantesp
in the sporulation experiments in all periods wieoen cf.

A. filiformis, cf. A. longissimaandL. curvulawhich are
normally associated with warm watefChauvet and
Suberkropp 1998). Low diversity of spores were also
reported by Sridhar and Sudheep (2010) in southhvdit
and Ferreira et al. (2012; k range of 0.001 — 0.084
Ecuadorian Amazon forest.

Invertebrates are crucial to litter decomposition i
most temperate streams (Abelho 2001; Gessner et al.
1999), but, in many tropical streams, they are less
important (Boyero et al. 2012; Moulton et al. 2Q10)the
vereda, we also found a yearly mean lower (84 iddads
gh) than the referred for other savanna streams {80-
individuals @' range for Gongalves et al. 2012a; Goncalves
et al. 2012b; Ligeiro et al. 2010; Moretti et 200Zb), with
the highest values in the dry season (June and.July
Chironomids were dominant as in many others trdpica
streams (Gongalves et al. 2012a; Moretti et al.7a00
Wantzen and Wagner 2006). The proportion of shmsdde
(10%) was similar than other Cerrado streams (A% 1
range for Gongalves et al. 2007; Goncgalves et G06@,
Moretti et al. 2007b), supports our prediction, ttha
shredders are not abundant and important in litter
breakdown.
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Conclusion: Litter Dynamics in Veredas

Besides the low productivity of the vereda, and the
high litter breakdown rates, organic matter accatimmh is
high in these systems. The entire riparian areastnedm
bed was composed by > 1 m think pure organic satiestr
This can only happen if litter retention is highr@tation to
litter decomposition at the (or below) the streaed.bA
raise in litter productivity can be expected if smaal
flood/dry dynamics allows terrestrial input being
transported to the permanently wet channel. Thigest
needs further investigation. The drivers of litter
decomposition in the “Vereda” seem to be fungi, their
identity and reproductive biology still needs to be
investigated. As in many other tropical systems
invertebrates had little importance to litter depogition
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APPENDICES

Table Al Analysis of variance (RM-ANOVA) and contrast (A€y leaves, branches, reproductive and miscellaneoaterial, collected
from the terrestrial (TI) and stream vertical (AMputs over one year. F values, degrees of freetmirsignificance P

Material Type of input RM-ANOVA AC
Leaves TI 1 50 = 10.2, p < 0.001August, September and October
VI Fa1,347 = 3.2, p <0.001 September and October
Branches TI F159 =0.9, p=0.50
VI F1,347 = 3.5, p < 0.001 December and January
Reproductive Material TI Fa1,50 =0.7, p=0.68
VI F(]_]_’ 247 = 0.9, pP= 0.46
Miscellaneous Material TI Fai,50 = 2.2, p=0.02 April and March
Vi Fai.347 = 2.9, p<0.001 January
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Canopy degradation effects on temporal leaf
breakdown rates in a tropical stream.
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ABSTRACT:
Our objectives were to describe the temporal dyonarof
leaf breakdown ratek)(and to identify possible indicators
(physical, chemical and biological characteristite/m a
stream with a degraded riparian canopy. The véiitigait
of leaves was collected monthly in a natural stream
incubated in a stream with a degraded canopy. th ea
month, the samples were collected, and other newplsa
were incubated. Thk, microbial biomass (ergosterol and
ATP), fungal sporulation and invertebrate community
characteristics (biomass density, richness and hitop
functional groups) were estimated in the detrite@ves.
Higher values ok were observed in rainy season, most
likely due to high temperatures (increasing metabol
activity) and rainfall (higher physical abrasiorjowever,
we found higher microbial biomass (increase of
photosynthetic organisms) and greater densities and
richness of invertebrates (lower washing power lagen
in dry season. Therefore, on the large temporaptnag)
water flow, temperature and precipitation were femors
controlling the k in this stream system. The canopy
degradation modify th& and can change the metabolism
of the ecosystem (from heterotrophic to autotrophic
despite the great ecological resistance of “veredise
canopy degradation left the system higher susdeptd
seasonal changes. This environmental impact maddifie
also the communities of micro-organisms and ineeies
indicate that this process is useful as bioindisato

Keywords: Precipitation Effects; Veredas; decomposition
community.
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INTRODUCTION

Energy flow and organic-matter cycling in aquatic
environments are fundamental for the maintenancinef
system’s metabolism and, therefore, for the striruof
the local communities (Fisher and Likens 1972; Tehl.
2010), especially in shaded patches, where theapyim
production is limited by the low-light condition&éssner
et al. 1999; Graca 2001). The quantity, qualitgcessing
and retention of allochthonous organic matter neasths
are associated mostly with climatic factors, bestrgngly
directed by seasonal and physiological changeshén t
vegetation (plant phenology; Gongalves et al. 20Q6a
and Dudgeon 2011). Decomposition is a key procefisa
remobilization of this organic detritus into theophic
chain because decomposition makes available thientgt
and energy retained in the dead organic matter If¥dbe
2001; Petersen and Cummins 1974). According to rigéess
et al. (1999), decomposition is biologically drivbyg the
microorganism (fungi and bacteria) and invertebrate
(mostly the shredders) communities in a sequence of
events named leaching, conditioning and fragmentati
However, we have no found information about thiscpss
in “veredas” systems that are common in the Biaazili
Savannabh.

The *“veredas” are hydrophilous vegetation
formations typical of the gallery forests in ther@eo
biome and are characterized by rivers with welicd
river beds during the dry season that transforno int
wetland areas during the rainy season (Moreiralet a
2011). The “veredas” are conditioned essentially by
physical factors, such as flat surfaces or inurttlhtégtoms
associated with a surface layer above a second,
impermeable layer (Drummond et al. 2005). In additio
their ecological importance, “veredas” are
socioeconomically important for the local commuasti
which sell the fruits and leaves of the Buriti palm
(Mauritia flexuosal.) and also use the systems for water
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supply. The “veredas” are among the priority afeaghe
conservation of the Cerrado (faunal and floral gef)
because they act as nursery areas for many fistiespe
(e.g.,Hoplias malabaricusndLophiosilurus alexandyiof
economic importance in the region and serve asrwate
sources (springs) that feed the watercourses (Damdmet
al. 2005; Moreira et al. 2011). Modifications ofeth
structure and composition of vegetation by comnaérci
exploitation (a standard regional practice; Rezeedal.
2012) may alter the organic matter cycling, whichym
lead to variations in the energy flow and threatha
availability of all these environmental servicesdan
consequently, the system’s function.

Riparian vegetation provides services such as
filtering the surface runoff, controlling the prpitation
input and soil erosion through tree canopies thatkbthe
rain, increasing the water-storage capacity anchtaiaing
the heat balance, thus maintaining the system rityeg
(Lima and Zakia 2001; Moreira et al. 2011). Cle#ing
to stream edges changes streambed morphology Hiter
physical and chemical characteristics of the water,
increases sunlight exposure (affecting temperatmd
biological activity) and decreases vegetation frlitte
(quantity and quality) inputs (Lecerf and Richamiso
2010). Therefore, riparian vegetation can protectasn
ecosystems against catastrophic events (haturalorand
anthropic) that are under the control of terrektria
ecosystems (Lecerf and Richardson 2010). This bnffe
includes protection against abrupt temporal/anobahges
in water flux and, consequently, in ecological mEses
(e.g., leaf breakdown) and ecosystem functioning tiu
seasonal dynamics (Benda et al. 2004; Silva-Jusnat
Moulton 2011). This relation shows that ecological
processes, such as leaf breakdown, can be useetdot d
environmental changes due to anthropic impactsc{Ras
et al. 2001).
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The use of leaf breakdown to detect anthropogenic
environmental changes was developed mainly in dsé |
decade (Gessner and Chauvet 2002; Tank et al. .2010)
However, few studies have been conducted in trbpica
streams (Silva-Junior and Moulton 2011; Silva-Jueical.
2014). The data available in the literature coniogrrihe
effects of anthropic impacts (e.g., pollution) oeaf
breakdown are contradictory (Pascoal et al. 200&xf
breakdown is faster with higher nutrient levelst tnen
this enrichment is accompanied by another pollyuteset
can observe a negative effect and slower breakdown
(Gessner and Chauvet 2002; Pascoal et al. 200da-Sil
Junior and Moulton 2011). The possible losses of
environmental functions and services due to the
degradation of ecological processes in tropicaloregare
among the 100 fundamental ecological questions to
answer, according to Sutherland et al. (2013).

If environmental and temporal/annual changes
(due to anthropic and/or natural factors) occurring
riparian systems modify the leaf breakdown ratas; o
hypothesis is that: i) greater canopy opennessingiease
the leaf breakdown rates in the rainy season dumegtoer
physical fragmentation (by rain) and microbial ety
(due to higher temperatures); and ii) canopy degiad
increases the range of variation in the leaf breakd
process throughout the year due to the loss of the
protective function of the canopy. Our objectivesrev i)
to describe the temporal dynamics (over one yelalgad
breakdown rates in a degraded “veredas” canophas
changes in autotrophic metabolism due to the low
contribution of allochthonous organic matter); iip
characterize the physical, chemical and biologitalnges
in the leaf breakdown process throughout the yarad;iii)
to identify possible environmental indicators ogpaitian
degradation in the leaf breakdown process. We addhe
following questions: i) What are the peaks and most
important variables (abiotic and/or biotic) for flea
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breakdown rates throughout the year? ii) How dee®py
degradation affect stream functioning and the leaf
breakdown process? The research forms part ofgerlar
study of “veredas” and an evaluation of streamshia
Pandeiros Basin, Minas Gerais/Brazil.

MATERIALS AND METHODS
Study Site

The study was conducted in the Pandeiros River
basin, located in Minas Gerais State, southea8eanil.
This basin has the forest types of Cerrado, decisiuo
seasonal forest, semi-deciduous forest and “veradthin
a sub-arid climate. The average rainfall variesnfi@00 to
1,200 mm, with temperatures between 21°C and ZARE.
“vereda” used in this study was impacted by the removal
of native vegetation, plant-extraction activitiedv. (
flexuosg and water withdrawal for human consumption
(Fig. 1). The leaf detritus (vertical input) waslleoted
monthly by bucket in a preserved “vereda” and
transplanted to incubate in a “vereda” with an ioipd
canopy. The riparian zone of the preserved “vereda”
contained plant individuals belonging to the foliogr
groups: Indeterminate sp. 1 (Liana group), Indeteaie
sp. 2 (Liana group);ecropia pachystachya Tréc@roton
urucurana Baill, Mauritia flexuosa L.f., Simarouba
versicolor A.St.-Hil., Styrax camporumPohl, Xylopia
emarginata Mart. and Zygia latifolia (L.) Fawc. and
Rendle. The collected material was used to idemiént
families according to théngiosperm Phylogeny Group
system (APGII 2003).
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Procedure

The electrical conductivity, pH and dissolved

oxygen levels were measurgdsitu using a multianalyzer
(YSI Incorporated, model 85). The luminosity andteva
temperature at the stream surface were continuously
recorded with a datalogger (Onset, HOBO UA-002-08).
The total alkalinity was determined by the Gran hoet
according to Carmouze (1994), and in the water, Nhe
(nitrate and ammonia; detection limit: 0.05) and P
(orthophosphate; detection limit: 0.015) concerdret
were analyzed according to Clesceri et al. (198%e
rainfall and air temperature were obtained from a
meteorological station (number 83386), located54t 26’
S, 44°22' W and 473.6 m altitude, of the NationgkAcy
of Waters of Brazil (available on the website hided;
http://hidroweb.ana.gov.br/), and the canopy opssieas
quantified using hemispherical photographs.

The experiment used litter bags (10 mm open
mesh, 30 x 30 cm), with a sample (£ 3 g of leaves)
incubation period of 30 days. After this perioce 8amples
were removed, and new samples were incubated,
containing the detritus from the direct input itiie stream
of the preserved “vereda” during the previous 3@sdahe
samples were incubated at a depth of 0.2 to 0.5hm i
contact with the sediment. After removal, the litbags
were placed into plastic bags inside of boxes waghand
transported to the laboratory. The remaining leggrlused
in this study was used to estimate the initial dmight
(after being dried at 60 °C for 72 h). In the laiory, the
leaves were washed with distilled water over a [1B0-
sieve. The retained material was fixed (70% ethamwid
the invertebrates were later identified to the fanevel
according to (Pérez 1988) and (Cummins et al. 20011
taxonomic richness and density were calculated for
invertebrates based on the community survey. The
invertebrates were classified into five functioriadphic
groups (Pérez 1988; Cummins et al. 2005): gathering
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collectors (G-C), filtering-collectors (F-C), shos (Sh),
scrapers (Sc) and predators (P).

Afterward, discs (12 mm in diameter) were
removed from randomly selected leaves to analyzas-
free dry mass (AFDM), the microbial biomass meagure
based on ergosterol and ATP concentrations and the
aquatic hyphomycete sporulation (5 discs for each
analysis). The total biomass of the decomposer
microorganisms was determined by quantifying th& AT
the litter fall according to Abelho (2005; usingeth
luciferin-luciferase reaction). The fungal biomas&s
assessed by quantifying ergosterol concentrations
according to Gessner (2005; using a lipid excludive
fungal membranes). Aquatic hyphomycete sporulatias
assessed using discs from each litter bag accoriding
Barlocher (2005) and Gulis et al. (2005) basedastgrior
counting and identification under the microscop@0(X).
The remaining litter fall was placed in trays amiéd in an
oven at 60°C for 72 h to determine the dry weigdtite
initial AFDM was obtained after incinerating thescs
(550 ° C for 4 h) and subtracting the proportionthud
remaining material, which corresponded to the ianig
fraction, from the respective sample.

Statistical Analysis

The leaf breakdown ratek)(at the sampling
points in the sampling months were obtained assyirain
linear model (log transformed) of the percentagenaks
lost during the 30 days of incubatiow(= Woe™ Wt =
remaining weight; WO = initial weight; -k = decaste; t =
time). Data normality was assessed with the Kolmogo
Smirnov test, the homogeneity of variance was asses
with Levene’s test, and the data were log transéakm
when needed (Zar 1996). A repeated-measures ANOVA
(RM-ANOVA) and contrast analysis were used to fest
significant  differences among months (categorical
variables) in the remaining mass, invertebrate camity
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(richness, density and abundance of functional hitop
groups) and biomass of microorganisms (levels of
ergosterol, ATP and density of spores in the destrit
dependent variables). The association between some
variables was assessed with Spearman’s correlation
analysis () considering p < 0.05 (Zar 1996). We also
compared invertebrate community structure among the
studied months with a permutational multivariatalgsis

of variance (PerMANOVA) based on the species and
functional trophic groups using the Bray-Curtistaise
matrix and a permutation test (10000) with pseudmé
discriminating months through a Bonferroni-correcte
pairwise comparison (using the Adonis function bé t
vegan package in R; Oksanen et al. 2008).

RESULTS

Physical and chemical parameters of the stream waits

The mean discharge of the stream was 0.18 + 0.02
m°, with peaks in November and December. The water
temperature was 25.9 = 0.47 °C, and the air teryrera
was 24.9 + 0.57 °C, with higher values in November,
December and January. Precipitation during theiestiud
period was 92.2 + 25.0 mm, with peaks in October to
April. The stream waters were basic (8.2 = 0.12thwi
peaks in January and February), with high levelsxgfen
(6.5 +0.30 mg [* and 80.6% saturation; with peaks in
July), electrical conductivity (51.0 + 7.17 pS Enwith
?eaks in April and May) and alkalinity (60.3 + 4.jd&q L
; with peaks in January). The ammonia (0.06 + 0.003
mg.L™"), nitrate (0.1 + 0.001 mg}) and orthophosphate
(0.02 + 0.0001 mg.t) concentrations were fairly constant
throughout the year. The canopy openness of tlaiaip
vegetation was elevated in the “vereda,” with agera
values of 48.5% (Table 1).
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Table 1. Water flow (nf), pH, dissolved oxygen (md.lnd saturation %), electrical conductivity (uS™gnwater temperature (T.water, °C),
alkalinity (MicroEq L*) and ammonia, nitrate and orthophosphate condmtsa(mg.") in the water as well as the total precipitationm(),
air temperature (T.air. in °C) and luminosity frdanuary to December.

Flow pH Ox(mg) Ox (%) Conduct. T.water Alkal. Ammonia Nitrate Orthop. Precipitation T.air Luminosity

April 0.16 8.40 7.12 86.60 75.10 2560 75.41 <0.05 0.09 0.02 69.40 25.00 11.66
May 0.15 7.17 7.60 90.01 73.60 2420 4271 0.09 0.10 0.02 11.60 4.002 19.56
June 0.14 7.75 6.88 82.66 64.94 2432 5272 0.07 0.10 0.02 460 9621 86.11
July 0.10 811 7.84 93.60 72.80 2470 52.72 <0.05 0.10 0.02 0.00 2212 42.33
August 0.12 842 7.05 82.50 70.10 23.80 41.03 <0.05 0.10 0.02 2.00 3342 23.60
September 0.12 8.15 6.18 75.30 3.40 26.10 8454 0.06 0.09 0.02 35.60 .3624 19.56
October 0.10 820 4.70 70.20 20.00 28.00 54.45 <0.05 0.10 0.02 68.40 25.29 11.66
November 0.31 8.30 6.95 88.40 35.30 27.00 53.36 <0.05 0.10 0.02 16.00 26.00 10.00
December 0.30 8.11 6.42 82.30 42.30 26.00 51.23 <0.05 0.10 0.02 41.8027.00 9.00
January 0.16 851 5.23 66.80 67.20 28.90 90.02 0.07 0.10 0.02 29.70 8.02 8.00
February 0.27 8.65 5.12 68.50 35.70 26.50 65.59 0.06 0.09 0.02 28.50 7.02 9.00
Mean 0.18 8.16 6.46 80.62 50.95 2592 60.34 0.06 0.10 0.02 27.96 492 2277
Std. Error  0.02 0.12 0.30 2.64 7.17 0.47 4.73 0.0038  0.0018.0001 7.08 0.57 6.72
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Leaf breakdown rates

The mean litter breakdown ratie) (vas 0.037 (0.014 to
0.095 range), corresponding to an overall leatlitbss of ~59%
(33 to 93% range) of the original mass in one mofithe
percentages of mass loss significantly differed rgmibie studied
months (ANOVA, ko 3= 6.75, p < 0.01), with higher values in
November and December (contrast analysis; p < @08)lower
values in May to July (Fig. 2). The litter massslegs positively
correlated with rainfall (r = 0.44, p = 0.01) aine tair and water
temperatures (r = 0.31, p = 0.02 and r = 0.47, .61,
respectively).
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Fig. 2. Mean values and standard errors of the remainiagsniblack line - %) and
decomposition rates (gray bars - k) over the studienths (April to February)

Biological communities

The mean (£ SE) value of ATP content in the leavas
475 + 43 nmoles:y AFDM, with significant differences among
the months (RM-ANOVA, Ik 3= 33.06, p < 0.01), with a
maximum of 1021 nmoles’yAFDM (June) and a minimum of
34 nmoles.g AFDM (October). The ergosterol mean (+ SE) was
624 + 52 pg.g AFDM, with significant differences among
months (RM-ANOVA, ko, 36 )= 5.33, p < 0.01), with peaks of
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967 and 1058 pg:pAFDM (in July and February, respectively)
and a lowest value of 239 ng.gAFDM (October). The
ergosterol and ATP concentrations (Fig. 3) wereitipety
correlated throughout the year (r = 0.43, p < Q.01 only the
ATP values were related to the litter breakdowr (0.43, p <
0.01).
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Fig. 3. Mean values and standard errors of fungal bion{asstinuous line -
ergosterol pg g AFDM), total microbial community activity (gray ba- nmoles
ATP g* AFDM) and abundance of fungal spores (dotted Jispores.mg AFDM)
over the studied months (April to February).

The maximum sporulation rate (+ SE) was 18 £ 1
spores.mg AFDM (May and June), but zero spore production
was detected in January, April, September, Octobad
December (Fig. 3). Sporulation rates were highlyaide (RM-
ANOVA, Fqo, 36 )= 2.29, p = 0.03) and presented a negative
relationship with temperature (r = -0.33, p = 0.0R)yualitative
survey in the water column contained spores of ghecies
Anguillospora filiformis Anguillospora longissima
Lunullospora curvulaandFontanospora eccentrica

The most abundantaxon of invertebrates (+ SE)
associated with the litter breakdown was Chiron@mid
(Diptera), with 80% of the total individuals (meah293 + 33
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individuals.g' AFDM). The mean (+ SE) density of invertebrates
ranged from 49 + 43 individuals'(AFDM (September) to 590 +
150 individuals.§ AFDM (July), and there were significant
differences among months (Fig. 4, RM-ANOVA; 36 )= 5.21,

p < 0.01). The richness (+ SE) of invertebrategeanfrom 4
+0.4 (January) to 10 + 0.5 (Mayaxa and significantly differed
among months (Fig. 4, RM-ANOVA, #, 36 )= 4.58, p < 0.01).
Shredders represented only 9% of non-Chironomidae
invertebrates, with the highest values (RM-ANOVAsoFs6) =
3.41, p < 0.01) in January (13%), April (13%) anag@ist (12%)
and lower values in September (3%) when the ntaxa was
Odontoceridae (Trichoptera). The invertebrate diessfr = 0.15,

p = 0.29) and shredder (r = -0.11, p = 0.44) aboces were not
correlated with mass loss. However, the invertebrand
shredder densities were positively correlated wdiksolved
oxygen (r = 0.54, p < 0.01 and r = 0.35, p = Or@8pectively)
and negatively correlated with temperature (r 450p < 0.01
and r = -0.36, p = 0.01, respectively). The confpmsi of
functional trophic groups (PerMANOVA, F = 2.43, P01, Fig.
5) andtaxa (PerMANOVA, F = 2.92, p < 0.01; Table 2) of the
invertebrate community varied over the months sidpairwise
comparison; p < 0.05), mainly between the monthdrgf(June
and July) and rain (November, December and January)
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Table 2. Means and standard error (s.e.) of the densifiégavertebrates colonizing (ind. %y leaves during breakdown in the months
studied. Functional feeding groups (FFG): P, pmdatGa-Co, gathering-collectors; Fil-Co, filteringllectors; Shr, shredders; Scr,
scrapers; * not classified.

Taxa FFG January _ February __ April May June TJuly August__ September _ October _ November_December
Annelida
Oligochaeta Ga-Co 26+ # L5 21%17 33219 2415 82%62 2313 16£78 62%26 2314 2312
Hyrundinae 146 06 77%5 625 164+146 17+104 4552 04%03 18%1 3+28
Arthropoda
Amphipoda
Hyalidae Shr 0£0 00 0£0 181  18%2 0£0 0z 2512 0£0  0%0 0£0
Insecta
Coleoptera
Elmidae Ga-Co/Scr/Shr 00 04%04 0£0 2824 1£09 7464 1206 02£02 1207 00
Lampyridae P 0£0 00 0£0 03%03  0%0 0£0 £0 06207 0505 002
Diptera
Chironomidae * 86 # S52+20 114+47 127£31 534£385 1092348 328+ 111 O1£40 11147 375+138 #% £02
Ceratopogonidae Ga-Co/P 08%1 + 0£0 0805 0%0 0607 050 05%03 0%0 03203 0%0
Simuliidae Fil-Co 00 0£0  03%03  0%0 0607 00 0£0 08%05 00
Empididae Ga-Co/P 00 0£0 05%05 0809 0.6%07 0£0 0£0 00 0£0
Tabanidae P 0£0 0£0 0808 0%0 0£0 0£0 0£0  0%0 0£0
Psychodidae Ga-Co 0£0 0£0 0£0 0£0 0£0 2512 0£0 00 0£0
Ephemeroptera
Leptophlebiidae Ga-ColSer 142 07£1 23217 36£38 6245 00 0£0 45%£33 1£11
Leptohyphidae Ga-ColScr 422 367£27 937 176+107 152%63 4223 44%24 352165 2711
Baetidae Ga-ColScr 00 133£7 135576 34%23 154201 0=0 0£0 53%13 00
Caenidae Ga-CoFi-Co 00 0£0 0£0 0£0 6674 00 0£0 00 0£0
Trichoptera
Hydropsychidae Fil-Co/P 0£0 £05 07%1 0£0  12£13 5+3.1 00 0£0 48%26 109
Leptoceridae Ga-CoP/Shr 00 2 0£0 13£08 00 0£0 0£0  24%24 00 0£0
Philopotamidae Fi-Co 0£0 0£0 05%05 00 0£0 0£0 0£0 00 0£0
Calamoceratidae Shr 0£0 0£0 0£0  08£09 0£0 0£0 0£0  0%0 0£0
Odontoceridae Ga-Co/Shr 422 3221 43 5235 9461 3£17 3223 3514 11
Hydroptilidae Ga-CofFil-Co/Ser 00 0£0 1313 34238 1£11 0£0 16%15 0%0 0£0
Polycentropodidae  Fil-Co/P 0£0 0£0 0£0  06%04 0£0 00 0£0 00 0£0
Hemiptera
Nepidae P 0£0 0%0 07%1 0£0 0404 0x0 0£0 0£0 00 0£0
Odonata
Libellulidae P 0£0 00 0£0 0£0 0£0 0£0 0=0 0£0 0£0 00 1209
Gomphidae P 0£0 00 676 0£0 0£0 00 0= 0£ 0£0 0£0 0£0
Coenagrionidae P 0£0 3.6%16 00 35%24 2%2 0404 08208 00 0£0 05%£05 1207
Calopterygidae P 0£0 00 1158  05£05 0%0 52£5 0£0 0£0 00 0£0
Gastropoda
Lymnaeidae Ser 0£0 00 0£0 0£0 0£0 0£0 15513 00 0£0 00 0£0
Thiaridae Ser 0£0  0%0 0£0 00  272+304 412325 00 0£0  16%18 0%0 0£0
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DISCUSSION

Canopy degradation effects

The canopy degradation in our study site can allow
higher sediment entrainment (Gardiner et al. 2G0®) promote
a greater frequency and intensity of climatic distunces
(Dudgeon et al. 2006; Naiman and Décamps 1997;dtaret al.
1980), and a consequence could be a decreasing dictie
water. This may explain the lower flow of the prasstudied
stream, due to decrease of water-storage capaaiy a
maintaining the system integrity by riparian vegeta (Lima
and Zakia 2001). The loss of the hydrological fioreg by
riparian vegetation, may be responsible for theewabntained
higher values of pH, alkalinity, dissolved oxygemitrients and
conductivity other stream in the Pandeiros basiez@Rde et al.
2012). This may indicate that environmental chaogesed by
canopy degradation due to plant-based extractivisay affect
the ecosystem, compromising some ecological sexvice

Compared with a stream system with an intact canopy
(9% canopy openness), we can expect a change d@n th
metabolism of canopy degradation system, increashmgr
source of autotrophic resource for the higher i@ of light
(Vannote et al. 1980). The canopy degradation kamwamore
light incidence can also lead to an increase irptgature of the
water. This can be an important factor explainimg higher leaf
breakdown rates (k= -0.037), mainly in Decembenyraeason).
Therefore, with the loss of the services by ripanagetation as
controlling the precipitation input (Lima and Zaki2001;
Moreira et al. 2011), we found higher water velp¢ihechanical
fragmentation and leaching), dissolved oxygen antperatures,
which accelerate biological metabolism (Gulis and&kropp
2003; Medeiros et al. 2009), explaining the highesaof
decomposition.

This pattern indicates that canopy degradation fyodi
the ecological process studied and can change ¢tebolism of
the ecosystem (from heterotrophic to autotrophi®spite the
great ecological resistance of “veredas” (Benda.€2004). This
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environmental impact also modified the communitidsfungi
and invertebrates, confirming our second hypothesisd
indicating that the leaf breakdown process was ulisa$ a
bioindicator. The leaf breakdown rates were a usetlicator of
impacts, such as the organic pollution of urbarpatareas
(Pascoal et al. 2001) and the gradient of extenagrécultural
changes in the land use of the landscape (Hagan2206). Our
study indicated that the macroinvertebrate commuitith
higher density and richness under stochastic diahae; Benda
et al. 2004) and total microbial community (with mao
photosynthetic organisms after canopy degradafiognia et al.
2000) could be biological predictors. The incremsthe density
of biological communities during the leaf breakdopnocess by
stochastic disturbance was also observed in othdies (Hagen
et al. 2006; Sponseller and Benfield 2001) andcetgis that this
variable can be a useful indicator. Therefore,lss abserved by
Schwarz and Schwoerbel (1997), our data regardieg l¢af
breakdown were dependent on the chemical and lysic
properties of the leaves, the abundance of the noleasing
community and the climatic pattern.

However the partial removal of vegetation for plant
based extractivism can be considered a slight impaast likely
because plant removal is a structural modificaaod does not
represent a source of pollution (e.g., the inpuctlémicals as
pesticides). The practices of agriculture-forestych as plant
extractivism, cause smaller environmental changéan t
extensive agriculture and urbanization (Daniel &t 2002;
Gardiner et al. 2009; Sponseller and Benfield 208t¢as of
extensive agriculture (Utz et al. 2009) and urbaitidn (Paul and
Meyer 2001) have greater influence on biologicahownities,
even when these land uses are present in smak sind
proportions on the landscape. Thus, the negatifectsf of
extensive agriculture and urbanization are dispripTate
compared to other land uses (Johnson et al. 2012).

Leaf breakdown process
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The leaf breakdown ratek)(n all the months (mean of -
0.037) were described as fast (k > -0.017) exceptAfpril
(intermediate values of -0.004 > k < -0.017) acowdo the
model proposed by Gongalves et al. (2013). Tikegalues are
superior to those observed in other Cerrado stré¢e0r3001 to -
0.015 in Goncalves et al. 2007; Goncalves et dl2a0Moretti
et al. 2007) but were in the lower range reported tfopical
areas (-0.026 to -0.077) by Abelho (2001). We belithat the
high temperatures recorded throughout the entigr Ywith a
minimum of 21°C) had positive effects on the leagédkdown
rates (Suberkropp and Chauvet 1995; Gongalves 2042b).
The largestk was observed in the rainy season, evidencing a
seasonal dynamic, and explains the positive cdiwelawith
temperature and rainfall, confirming our first hyipesis. There
might also be synergistic interactions between édnigbhysical
abrasion (due to the higher rainfall and water fld®antos
Fonseca et al. 2012), oxygen concentrations (wihicteases the
activity of aquatic fungi; Medeiros et al. 2009)daslectrical
conductivity (which indicates higher nutrient inputChestnut
and McDowell 2000) accelerating the leaf breakdostes. This
result indicates that litter decomposition couldifiguenced by
temporal changes in abiotic conditions and, coreeily by
changes in the biological activity in this ecosyste

The fungal biomass (ergosterol) was greater than in
other Cerrado streams (50 to 420 pg.g-1 range éocé@lves et
al. 2007; Goncalves et al. 2006c), and the totatrobial
community activity (ATP) was at the upper limit cpamed to
tropical streams (100 to 750 nmoles.g-1 range foeldo 2001,
Abelho et al. 2005; Gongalves et al. 2007; Gongalee al.
2006¢). We found greater microbial biomass in piviof low
water flow due to a decrease of rain (i.e., indhgseason) that
was likely related to a decrease of lower physaabsion and
lower biofilm loss (Santos Fonseca et al. 2012pthAar aspect is
that in the dry season, the low cloud formation béem a
luminosity increase and stimulates photosynthetiganisms,
represented by ATP concentration (Vannote et &0),%hat use
the detritus only as a substrate, increasing tlodilli mass.
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Higher photosynthetic production (greater autotiopksource;
Jugnia et al. 2000) was associated with lower noditahs of
organisms due to the temperature decrease in depsgSridhar
and Sudheep 2010). This change might decrease dbeoil
heterotrophic resources and explains the lower kidi@an
despite the higher microbial biomass. Higher temajees can
have a negative effect on fungal diversity, seteconly species
with the ability to develop in warmer settings (Gtet and
Suberkropp 1998), as observed in the fungal commudithe
studied stream. These patterns explain the hypheisyc
tendency to sporulate more in the dry season aachélgative
correlation of sporulation with temperature (Mathur and
Chauvet 2002; Goncalves et al. 2007). Therefore, results
show that the increase of luminosity (correspondiogfiewer
clouds) and lower temperatures in dry season eahttea higher
use of the autotrophic resource and a decreaseiabbial
activity, thus slowing the leaf breakdown rates.

We found higher average densities of aquatic
invertebrate community than in other Cerrado steeénto 780
ind/g range for Gongalves et al. 2012a; Gongalves. 2006b;
Moretti et al. 2007). The higher densities andness, especially
in dry season, can be explained by the negativeslation with
temperature (cool water could increase the oxygdeeiah) and
indirectly indicates lower rainfall (with a lowerashing power
by water; Santos Fonseca et al. 2012). The invextieb
community was dominated by Chironomidae, as obseiue
other tropical streams (Boyero et al. 2012; Moulgbral. 2010;
Silva-Junior and Moulton 2011). The lower abundarafe
shredders may explain the low importance of thimmaonity in
the leaf breakdown, as observed in other tropitebms (0 to
11% range for Gongalves et al. 2006¢c; Gongalvesl.e2007;
Moretti et al. 2007). Odontoceridae was the mospartant
shredder, but members of this group have also blassified as
scrapers and as opportunistic scavengers feediraniomal and
plant detritus (Pérez 1988; Cummins et al. 2005 @lternate
feeding strategies of this group would help expldie low
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participation and importance of the invertebratencwnity in
the leaf breakdown process.

Conclusion

In general, the data indicate that the partial reahof
native vegetation due to plant-based extractivisifect the
functioning of this ecosystem. The leaf breakdowtes were
fast throughout all the studied years, and the ropenness left
the system higher susceptible to seasonal champetgéon et
al. 2006; Naiman and Décamps 1997; Vannote et @80)1
Canopy degradation might increase the frequencyimtedsity
of disturbances (Benda et al. 2004) due to thedb#ise capacity
of riparian vegetation to stabilize ecological msses (Naiman
and Décamps 1997). The high biological and physibalmical
variation and the lower water flow are also initiadications that
the water-supply services might be impaired in ltthveg term.
This finding is important information for "veredastnservation
and shows that despite the apparent process maidenthe
dynamics of such systems are being changed duertopyg
degradation by plant-based extractivism.

There was a clear seasonal variation in leaf decay,
suggesting that the temporal resolution chosen doleaf
breakdown study may affect the detection of decaitems.
Rainy season had a higher leaf breakdown rate dusgher
water flow, temperature and precipitation (Santosdeca et al.
2012; Sridhar and Sudheep 2010). In the rainy seasigher
leaf breakdown was observed despite the lower tdemat
decomposers due to lower dissolved oxygen, alkgliaind
electrical conductivity (Pérez 1988; Cummins et24105). The
aquatic  invertebrates (mainly shredders) and total
microorganisms showed no overall influence on tleaf |
breakdown. These results for a temporal macro-goabeth and
year) are similar to the results for a spatial roesmale proposed
by Wiens (1989). On a micro-scale (hours and daysa,
phenomenon can induce an increase in the heterbgehdhe
detected signal, but the macro-scale is affectedclopatic
factors (Schwarz and Schwoerbel 1997; Wiens 1988us,

82



these results indicated that on a temporal maateggnonths
and the average annual), the water flow, temperatmd
precipitation are the factors that control the leafakdown rates.

ACKNOWLEDGMENTS
We are grateful to the National Council of Scieatdnd
Technological Development (CNPg — project number

480298/2008-4) and the Minas Gerais Research Ftionda
(FAPEMIG - project number APQ- 2051-5.03/07) farafincial
support and a stipend.

REFERENCES

Abelho M (2001) From litterfall to breakdown in eams: a
review  Scientific ~ World  Journal  1:656-680
doi:10.1100/tsw.2001.103

Abelho M (2005) Extraction and quantification of RTas a
measure of microbial biomass. In: Gragca MAS,
Barlocher F, Gessner MO (eds) Methods to StudtLitt
Decomposition. Springer, pp 223-229

Abelho M, Cressa C, Graca MAS (2005) Microbial baws,
respiration, and decomposition éfura crepitansL.
(Euphorbiaceae) leaves in a tropical stream Biateop
37:397-402 doi:10.1111/j.1744-7429.2005.00052.x

APGIlI APG (2003) An update of the Angiosperm Phglog
Group classification for the orders and families of
flowering plants: APG Il Botanical Journal of the
Linnean Society 141:399-436 doi:10.1046/].1095-
8339.2003.t01-1-00158.x

Barlocher F (2005) Sporulation of Agquatic Hyphomgse
Springer,

Benda L, Poff NL, Miller D, Dunne T, Reeves G, P&s$ollock
M (2004) The network dynamics hypothesis: How
channel networks structure riverine habitats BieBce
54:413-427 doi:10.1641/0006-
3568(2004)054[0413:TNDHHC]2.0.CO;2

Boyero L, Barmuta LA, Ratnarajah L, Schmidt K, RBear RG
(2012) Effects of exotic riparian vegetation onflea

83



breakdown by shredders: a tropical-temperate
comparison Freshwater Science 31:296-303
doi:10.1899/11-103.1

Carmouze JP (1994) O Metabolismo dos Ecossistemas
Aquaticos. Fundamentos teéricos, métodos de estudo
analises quimicas. Edgard Blicher/[FAPESP, Sdo Paulo

Chauvet E, Suberkropp K (1998) Temperature andufgan of
Aquatic Hyphomycetes Applied and Environmental
Microbiology 64:1522-1525

Chestnut TJ, McDowell WH (2000) C and N Dynamicsthe
Riparian and Hyporheic Zones of a Tropical Stream,
Luquillo Mountains, Puerto Rico Journal of the Nort
American Benthological Society 19:199-214
doi:10.2307/1468065

Clesceri LS, Greenberg AE, Trussell RR (1989) Stadisl
methods for the examination of water and wastewater
vol 17. DHAAWWA-WPCK, Washington D.C.

Cummins K, Merritt R, Andrade P (2005) The usenvkrtebrate
functional groups to characterize ecosystem ati&#in
selected streams and rivers in south Brazil Studres
Neotropical Fauna and Environment 40:69-89
doi:10.1080/01650520400025720

Daniel MHB et al. (2002) Effects Of Urban Sewage On
Dissolved Oxygen, Dissolved Inorganic And Organic
Carbon, And Electrical Conductivity Of Small Stream
Along A Gradient Of Urbanization In The Piracicaba
River Basin Water, Air, and Soil Pollution 136:1296
doi:10.1023/A:1015287708170

Drummond GM, Martins CS, Machado ABM, Sebaio FA,
Antonini Y (2005) Biodiversidade em Minas GeraisnU
Atlas para sua Conservagdo. Biodiversidade em Minas
Gerais. Fundacéao Biodiversitas, Belo Horizonte:

Dudgeon D et al. (2006) Freshwater biodiversitypamance,
threats, status and conservation challenges Budbgi
reviews of the Cambridge Philosophical Society 83:1
182 do0i:10.1017/S1464793105006950

84



Fisher SG, Likens GE (1972) Stream ecosystem: argarergy
budget BioScience 22

Gardiner EP et al. (2009) Linking stream and laagdsc
trajectories in the southern Appalachians Enviromiale
monitoring and assessment 156:17-36
doi:10.1007/s10661-008-0460-x

Gessner MO (2005) Ergosterol as a measure of furigalass.
In: Graca MAS, Barlocher F, Gessner MO (eds)
Methods to Study Litter Decomposition. Springer,
Dordrecht, pp 189-195

Gessner MO, Chauvet E (2002) A Case for Using Litte
Breakdown to Assess Functional Stream Integrity
Ecological Applications 12:498-510

Gessner MO, Chauvet E, Dobson M (1999) A perspedivieaf
litter reakdown in streams Oikos 85:377-384

Goncalves JF, Jr.,, Graca MAS, Callisto M (2007)tekit
decomposition in a Cerrado savannah stream idextar
by leaf toughness, low dissolved nutrients and v lo
density of shredders Freshwater Biology 52:1440t145
doi:10.1111/j.1365-2427.2007.01769.x

Goncalves JF, Jr.,, Rezende RS, Franca J, Callistt?(2a)
Invertebrate colonisation during leaf processing of
native, exotic and artificial detritus in a trodiciream
Marine and Freshwater Research 63:428-439
doi:10.1071/mf11172

Goncalves JF, Jr., Rezende RS, Martins NM, Greg&®
(2012b) Leaf breakdown in an Atlantic Rain Forest
stream Austral Ecology 37:807-815 doi:10.1111/j2-44
9993.2011.02341.x

Goncalves JFJ, Martins RT, Ottoni BMP, Couceiro SEM13)
Uma visdo sobre a decomposicdo foliar em sistemas
aquaticos brasileiros. In: Hamada N, Nessimian JL,
Querino RB (eds) Insetos aquaticos: biologia, afale
taxonomia.

Goncalves JJF, Franca JS, Callisto M (2006a) Dycsnoif
allochthonous organic matter in a tropical Branilia

85



headstream Brazilian Archives of Biology and
Technology 49:967-973

Goncalves JJF, Franca JS, Medeiros AO, Rosa CAistoaM
(2006b) Leaf breakdown in a tropical stream
International Review of Hydrobiology 91:164-177
doi:10.1002/iroh.200510826

Goncgalves JJF, Graca MAS, Callisto M (2006c) L+
breakdown in 3 streams in temperate, Mediterranean,
and tropical Cerrado climates Journal of the North
American Benthological Society 25:344-355
doi:10.1899/0887-3593(2006)25[344:Ibisit]2.0.co;2

Graca MAS (2001) The Role of Invertebrates on Lkidter
Decomposition in Streams — a Review International
Review of Hydrobiology 86:383-393 doi:10.1002/1522-
2632(200107)86:4/5<383::aid-iroh383>3.0.co;2-d

Gulis V, Marvanové L, Descals E (2005) An lllust@tkey To
The Common Temperate Species Of Aquatic
Hyphomycetes. In: Graga MAS, Barlocher F, Gessner
MO (eds) Methods to Study Litter Decomposition.
Springer, pp 153-168

Gulis V, Suberkropp K (2003) Interactions betwetaam fungi
and bacteria associated with decomposing leaf lite
different levels of nutrient availability Aquatic
Microbial Ecology 30:149-157

Hagen EM, Webster JR, Benfield EF (2006) Are leakdown
rates a useful measure of stream integrity along an
agricultural landuse gradient? Journal of the North
American Benthological Society 25:330-343

Johnson RC, Smith DP, McMichael CE (2012) Scale
Dependence in Relating Land Use/Cover to Stream
Macroinvertebrate Communities in the Central
Appalachian Mountains, USA GlIScience & Remote
Sensing 49:53-70 doi:10.2747/1548-1603.49.1.53

Jugnia LB, Tadonleke RD, Sime-Ngando T, Devaux0D@ The
Microbial Food Web in the Recently Flooded Sep
Reservoir: Diel Fluctuations in Bacterial Biomassda
Metabolic Activity in Relation to Phytoplankton and

86



Flagellate  Grazers  Microb  Ecol 40:317-329
doi:10.1007/s002480000056

Lecerf A, Richardson JS (2010) Litter decompositiam detect
effects of high and moderate levels of forest dixince
on stream condition Forest Ecology and Management
259:2433-2443
doi:http://dx.doi.org/10.1016/j.foreco.2010.03.022

Li AOY, Dudgeon D (2011) Leaf litter retention imopical
streams in Hong Kong Fundamental and Applied
Limnology / Archiv fur Hydrobiologie 178:159-170
doi:10.1127/1863-9135/2011/0178-0159

Lima WP, Zakia MJB (2001) Hidrologia de Matas Giig. In:
Rodrigues RR, Leitdo-Filho HF (eds) Matas Ciliares:
Conservagdo e Recuperacdo. Editora de Universidade
De Séao Paulo, Fapesp, Sao Paulo,

Mathuriau C, Chauvet E (2002) Breakdown of ledktitin a
neotropical stream Journal of the North American
Benthological Society 21:384-396 doi:10.2307/146847

Medeiros AO, Pascoal C, Graca MAS (2009) Diversityd
activity of aquatic fungi under low oxygen condit®
Freshwater Biology 54:142-149 doi:10.1111/}.1365-
2427.2008.02101.x

Moreira SN, Pott A, Pott VJ, Damasceno-Junior GA1D)
Structure of pond vegetation of a vereda in theziBsa
Cerrado Rodriguésia 62:721-729

Moretti M, Gongalves JJF, Callisto M (2007) Leaé&kdown in
two tropical streams: Differences between singld an
mixed species packs Limnologica 37:250-258
doi:10.1016/j.limno.2007.01.003

Moulton TP, Magalhaes-Fraga SAP, Brito EF, Bardes42010)
Macroconsumers are more important than specialist
macroinvertebrate shredders in leaf processingharu
forest streams of Rio de Janeiro, Brazil Hydrolmao
638:55-66 doi:10.1007/s10750-009-0009-1

Naiman RJ, Décamps H (1997) The ecology of intedac
riparian zones Annu Rev Ecol Syst 28:621-658
doi:citeulike-article-id:2981131

87



Oksanen J et al. (2008) Adonis function. In: Vedgaommunity
Ecology Package. R package version 1.13-1. pp 15-10

Pascoal C, Céassio F, Gomes P (2001) Leaf Breakd®ates: a
Measure of Water Quality? International Review of
Hydrobiology 86:407-416 d0i:10.1002/1522-
2632(200107)86:4/5<407::aid-iroh407>3.0.co;2-p

Paul MJ, Meyer JL (2001) Streams in the Urban Leaps
Annual Review of Ecology and Systematics 32:333-365
doi:10.1146/annurev.ecolsys.32.081501.114040

Pérez GP (1988) Guia para el studio de los ma@ditrados
acuaticos del departamento de Antioquia. Editorial
Presencia Ltda, Bogota

Petersen RC, Cummins KW (1974) Leaf processing in a
woodland stream Freshwater Biology 4:343-368

Rezende RS, Santos AM, Junior JFG (2012) Avaliagabiental
do rio Pandeiros utilizando macroinvertebrados como
indicadores de qualidade da agua Ecologia Austral
22:159-196

Santos Fonseca AL, Bianchini I, Pimenta CMM, Sodt&P,
Mangiavacchi N (2012) The flow velocity as driving
force for decomposition of leaves and twigs
Hydrobiologia 703:59-67 doi:10.1007/s10750-012-
1342-3

Schwarz AE, Schwoerbel J (1997) The aquatic praogssf
sclerophyllous and malacophyllous leaves on a
Mediterranean island (Corsica): Spatial and tenipora
pattern Annales De Limnologie-International Jourogl
Limnology 33:107-119 doi:10.1051/limn/1997007

Silva-Junior EF, Moulton TP (2011) Ecosystem Fuwmitig and
Community Structure as Indicators for Assessing
Environmental Impacts: Leaf Processing and
Macroinvertebrates in  Atlantic Forest Streams
International Review of Hydrobiology 96:656-666
doi:10.1002/iroh.201111374

Silva-Junior EF, Moulton TP, Boéchat IG, Glickerd®14) Leaf
decomposition and ecosystem metabolism as fundtiona
indicators of land use impacts on tropical streams

88



Ecological Indicators 36:195-204
doi:10.1016/j.ecolind.2013.07.027

Sponseller RA, Benfield EF (2001) Influences of dlddse on
Leaf Breakdown in Southern Appalachian Headwater
Streams: A Multiple-Scale Analysis Journal of thertd
American Benthological Society 20:44-59

Sridhar KR, Sudheep NM (2010) Diurnal fluctuatidrspores of
freshwater hyphomycetes in two tropical streams
Mycosphere 1:89-101

Suberkropp K, Chauvet E (1995) Regulation of Leadd&down
by Fungi in Streams: Influences of Water Chemistry
Ecology 76:1433-1445

Sutherland WJ et al. (2013) Identification of 1@hdamental
ecological questions Journal of Ecology 101:58-67
doi:10.1111/1365-2745.12025

Tank JL, Rosi-Marshall EJ, Griffiths NA, EntrekilASStephen
ML (2010) A review of allochthonous organic matter
dynamics and metabolism in streams Journal of the
North American Benthological Society 29:118-146
doi:10.1899/08-170.1

Utz RM, Hilderbrand RH, Boward DM (2009) Identifgn
regional differences in threshold responses of @rua
invertebrates to land cover gradients Ecological
Indicators 9:556-567 doi:10.1016/j.ecolind.2008008.

Vannote RL, Minshall GW, Cummins KW, Sedell JR, Qing
CE (1980) River Continuuum Concept Canadian Journal
of Fisheries and Aquatic Sciences 37:130-137
doi:10.1139/f80-017

Wiens JA (1989) Spatial Scaling in Ecology FunciioBcology
3:385-397

Zar JH (1996) Bioestatistical analysis. Prenticell,Hdpper
Saddle River, New Jersey

89



spatial scale on breakdown of leave
¥l ‘Inastropical watershed.
“Publisheéd: May 0842014; PLoS ONE 9(5)::€97072
DOI:-10.137/journal.pone.0097072

90



The effects of spatial scale on breakdown of leavesa
tropical watershed
Published: May 08, 2014; PLoS ONE 9(5): €97072. DOI
10.1371/journal.pone.0097072

ABSTRACT

The objective was to assess the effects of navarétion in the
physical structure of the environment on biologicaimunities
and on the processing Blcalyptus cloezianandInga laurina
and to identify the controlling factors at diffetescales along
stream order gradients. The study area consistdd sampling
sites distributed within a tropical watershed (2sij, 3rd and 4th
order streams replicated in 4 sub-basins). Our Esmgonsisted
of 3 g of leaves oE. cloeziana(high-quality) andl. laurina
(low-quality) placed in 252 bags with 10mm mesh §meed by
the chemical composition of the detritus). Four glas of each
leaf type were collected periodically (three timesgr a period
of 75-125 days and washed on a sieve to separae th
invertebrates. A series of leaf disks were cut étednine ash-
free dry mass, polyphenol, lignin, cellulose, totalcrobial
biomass and fungal biomass, and the remaining rahteas
oven-dried to determine the dry weight. We perfatraealyses
within and between spatial scales (regional andljdo assess
which watershed scale was the more import detemhiofthe
leaf breakdown ratek). The microbial and shredder were most
influenced at the local scale (stream order). Steexd were
influenced by microorganisms, with stronger intéoats
between them than were found to drive khat the local scale
Moreover, differences in the overélland abiotic variables were
more strongly influenced at the regional scale {sain),
showing that the study scale alters the respongbeoftudied
variables. We found highds values at higher values of water
velocity, dissolved oxygen and temperature, all wich
accelerate biological metabolism in response t@irans on the
regional scale. Watersheds with warmer microclimasnd
streams with higher nutrient levels and oxygen aoble
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accelerating the ecosystem metabolism, independénthe
detritus quality.

Keywords:  Decomposition;  sub-basin;  stream  order;
microorganisms; shredders; detritus quality; abieéiriables.

INTRODUCTION

The characteristics of lotic ecosystems show nhtura
patterns along an upstream-downstream gradient tue
variations in geomorphology and topography in thetershed
(Fabre and Chauvet 1998; Vannote et al. 1980).rdlathanges
along this gradient (upstream to downstream) ireclad increase
in the dimensions of the stream (width), changasréiases or
decreases) in the velocity of the water, and omgmnim the
riparian canopy that allow greater light penetratiBenda et al.
2004; Statzner and Higler 1985). Greater luminosityreases
the temperature and accelerates photosyntheticugtiod and
autotrophic metabolism (Statzner and Higler 1988png this
gradient, therefore, the relative abundance of onizganisms
increases but that of invertebrates decreasesdphlynshredders
of organic matter), decreases from the headwatershé
downstream sections (Vannote et al. 1980). Thederala
changes also modify the energy input and cyclingoafanic
matter in space and time (Larned et al. 2010; Venmb al.
1980). Senescent leaves are an important souncetioénts and
food resources in heterotrophic metabolic enviramsie
primarily in headwaters and small streams (Gesshat. 1999;
Graga et al. 2001). However, this material is maheed and
available for use by primary producers and othephic levels
after its decomposition. As a result, leaf breakdow a key
process in lotic ecosystems (Gessner et al. 19%@hwiau and
Chauvet 2002). Leaf breakdown can be influencedmany
factors, such as physical and chemical variableso@ated with
water and detritus) and the activities of commaesitiof
decomposers (micro-organisms and aquatic inveitietyra
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(Abelho 2001; Gessner et al. 1999; Gongalves éX(dl3; Graca
et al. 2001; Mathuriau and Chauvet 2002; Moultoale?010;
Suberkropp and Chauvet 1995; Wantzen and Wagn&) 200
The study of leaf breakdown at the scale of a whtd
allows us to observe emerging patterns and iderdéytain
factors that structure the ecosystems at diffeseales (Tiegs et
al. 2009; Wiens 1989). It is evident that a sedgkesuccessively
smaller and nested geomorphologic units can hawéousa
patterns and structures depending on the scaleighbaking
analyzed (Lowe et al. 2006; Wiens 1989). Theseepaitand
structures can be observed in riffles and poolkiwitontinuous
stretches, which are nested within large riverg thake up a
watershed (Schneider 2001; Tiegs et al. 2009; WROG2).
Studies that address only one scale are subjegrdblems
because certain variables are measured direcynall areas or
across short time intervals, whereas few can besoned at fine
resolution over large areas (Schneider 2001; WROR?). In
addition, changes at smaller scales are not maedaat larger
scales (Wiens 1989). Therefore, the issue is thisa patterns
are consistent at all scales, the findings at aadescannot be
extrapolated to yield accurate predictions at otlseales.
Accordingly, tests at multiple scales are needeadctnfident
extrapolation. From this perspective, the evaluatwf leaf
breakdown at different scales enables the develpprog an
integrated vision of the landscape during this irgat
ecological process (Allen and Starr 1982; Del Aetal. 2012).
The streams in a watershed can be consideredhvaith
hierarchical framework that presents organized vidvspatial
and temporal variations among and within streantesys along
the “riverscapes” (Allan 2004; Frissell et al. 198%oyer and
Minshall 2003). Therefore, several studies havemened leaf
processing at large spatial scales across biomess(ét al. 1994;
Minshall et al. 1983), latitudinal gradients (lroaes al. 1994),
and altitudinal gradients (Fabre and Chauvet 19984
influences of land use (Hagen et al. 2006; Spossedind
Benfield 2001). Moreover, several recurrent togoterge from
considerations of several spatial scales. Thedestapclude the
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relative importance of fungi and invertebrates {eie and

Gessner 2002), the use of bioindicators (Del Arcale2012)

and the hierarchical nature of lotic ecosystemsd3iet al.

2009). Studies assessing allochthonous leaf breakdat a

watershed scale are rare worldwide, but they haeenb
performed in temperate systems (Del Arco et al22&byer and
Minshall 2003; Tiegs et al. 2009; Young and Col#609) .

In tropical streams, individual riffles or shortresim
reaches continue to be the most frequent sitestfimties of leaf
processing based on the traditional conceptual m@ilenmins
1974; Petersen and Cummins 1974). Several facter&raown
to cause variation in the rates of processing witmid among
tropical stream reaches (Bianchini_Jr. 1999; Gomslet al.
2013). These factors include the effects of speciesing
(Bruder et al. 2013; Moretti et al. 2007), littaradity (Goncalves
et al. 2007; Goncalves et al. 2012b), micro-organis
communities (Medeiros et al. 2009; Wright and Cbvk005),
invertebrate communities (Gongalves et al. 2012at &l. 2009;
Ligeiro et al. 2010), detritivores and shreddersy@o et al.
2012; Wantzen and Wagner 2006) and seasonal eflemtsed
2000; Mathuriau and Chauvet 2002; Rueda-Delgadh €006).
However, systematic assessments of variabilityloththonous
leaf breakdown rates across multiple spatial scaking the
watershed as the sampling unit have not been peefbrin
tropical stream systems. This study could help tower
important questions, such as “how does spatial ctsire
influence ecosystem function and how do we integraithin
and between spatial scales to assess function'gested by
Sutherland et al. (Sutherland et al. 2013) as ohelGD
fundamental ecological questions.

Based on the premise that leaf breakdown is thdtres
the activity of decomposer organisms and the physand
chemical processes occurring in the stream wathichwary
along the scale investigated in the study scaleelf#b 2001;
Gessner et al. 1999; Gongalves et al. 2013), thiewing
hypotheses were tested in this study: (i) natuféérénces in the
physical nature of the stream (increasing canomnimg, water

94



velocity, temperature and nutrient concentratioasgelerate
biological metabolism and leaf breakdown from ugmtn to
downstream; (i) shredders decrease and micro-ggeEn
increase in importance from upstream to downstreamd; (iii)
differences in the overalk values will be more clearly
understandable (strongly explained) at an increapatial scale.
The objective of the study was to assess the ratffiects of
variation in the physical environment on biologicainmunities
and the leaf breakdown rates Bficalyptus cloeziana F. Muell
andlInga laurina Sw. Willdand to identify the controlling factors
at different scales along the stream order gradient

METHODS

The Study System

The study area consisted of 14 sampling sitesiloliséd
along the Gama-Cabeca do Veado watershed, a patteof
Federal District in west central Brazil, comprisitiy 2", 3¢ and
4™ order streams replicated in 4 sub-basins (Figlrde area
includes important waterways that form the Paraasin a part
of the Cerrado biome (Brazilian Savannah). The afénis
tropical and has distinct rainy-hot (October to iBpand cold-
dry seasons (May to September). The mean annuaktature
is 20°C, and the altitude varies between 1025 dix) Tn above
sea level. The study area included three conservatinits
protecting the entire watershed and all samplirngssstudied
(Ecological Station of the University of Brasili&cological
Reserve of IBGE and Ecological Station of the Biman
Gardens of Brasilia). The study was approved byigitin of
Environment of Brazil through the System of Infotima and
Authorization on Biodiversity (SISBIO) for activéts with
scientific purposedopde:39629-1), and also was approved by the
Scientific and Technical Council of the Ecologi&tion of the
University of Brasilia ¢ode: 05-1», IBGE Ecological Reserve
(code: 54 PC - PAD)land Botanical Gardens of Brasilizo(le:
13/201).
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Procedures

The experiment was conducted from June through
October 2011 (the dry season), a period of zerdathiresulting
in a high level of homogeneity in the physical arftemical
features of the environment. Based on their chdmica
composition, we selected leaves from two speciesufe as
detritus. The leaves of an exotic speckEesdalyptus cloeziana F.
Muell) were used to represent high-quality detritus. plamting
of Eucalyptusmonocultures in place of the native vegetation has
potential repercussions for stream basins. The iarednich the
study was conducted does not cont&uncalyptusplantations.
However, the substitution of this monoculture foatime
vegetation has occurred in neighboring basins, evhirs
monoculture has expanded, as it has throughoutilBeag., to
supply charcoal for steelmaking and pulp for pamding
(Goncalves et al. 2012b). The low-quality detriftgsm a native
species (abundant in riparian vegetatiomga laurina Sw. Willgl
was also used in the study, as this species bpstsents the
plants of the Cerrado.

The leave The two types of leaves were chemically
characterized by the mean values of total polyplse(22.80 +
2.5;18.29+1.8 mglb, total tannic acids (0.003 £ 0.0002; 0.002
+ 0.0004 mg/d), lignin (42.61 + 0.7; 45.94 + 0.5%), cellulose
(24.69 = 1.5; 37.39 = 1.2%), hardness (0.17 = 0.5, £ 0.3
cm/gY), nitrogen (13.16 + 1.3; 16.41 + 1.0 gMRgand
phosphorus (0.46 + 0.05; 0.53 + 0.07 gfkin E. cloezianaand
I. laurina, respectively. The breakdown rates for these web |
types (collected in nets 1°nin area placed 1.5 m from the
ground) were measured individually by the loss efght of 3 g
(= 0.1 g dry weight) of leaves, correcting for thaial humidity
and transport loss (Graca et al. 2005), incubatéidter bags (15
x 15 cm, 10 mm mesh size).

In total, 252 litter bags were placed at a deptd.8fm
in pool areas at the 14 sampling sites 2 3 and 4" order
streams (Strahler 1952) in the 4 sub-basins (Gam@B4%,
Capetinga — SB2, Taquaras — SB3 and Cabeca de Ve8&d
sub-basins). The removal of the cloezianaand I. laurina
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leaves occurred initially after 10 days of incubafi which
corresponds to the expected time required for legcland
initiating microbial colonization (Graca et al. Z)0 After this
sampling, the principal leaf breakdown ratg (vas used to
estimate the next sampling time for each detrityset (at
approximately 75% of the remaining mass), which was
determined to be 40 days f&. cloezianaand 85 days fot.
laurina. This stage of decomposition occurs when microbial
activity is high and the invertebrate community afready
established. Subsequently, thgalue was used a second time to
perform corrections and acquire new values to obtai
approximately 50% of the remaining mass for eactitds type.
This sampling time was determined to be 75 days Hor
cloezianaand 125 days fot. laurina. After this period, the
community established during the ecological procexs
degradative succession is affected by the reductiorthe
available detritus (additional information about &ee also
Chapter 6 of (Graca et al. 2005)).

The sampling times were calculated by dividing the
initial weight (WO0) by the estimated value kofThis calculation
yields the time for the total course of leaf preiteg (TLP,
days). From the equatioV0 / k = TLR we can calculate how
many days will be required to reach a desired peage of the
initial weight (Wt). The first sample was collectafter 10 days
of incubation for both species, so that TLP fordHys / 0.25 =
day on which Wt = 75%. The next sample was colteetiter 40
days forE. cloezianaand after 75 days fdr laurina, so that TLP
40/75 days / 0.5 = day by which Wt = 50%. The albjmnezedure
was performed for each sample site (based on ttan malue)
and type of detritus. However, it was not possibleletermine
the final value foil. laurina because the dry season ended after
120 days, before 50% of the mass had been lostsiMeaents
after the end of the dry season would not have besgmingful
because variations in rainfall and associated tiang in other
physical and chemical conditions would have infeesh the
results.
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On removal from the streams, the litter bags wéaequ
individually into insulated plastic bags and traoréed in thermal
containers (x 4°C) to the laboratory. Temperatwekectrical
conductivity, pH, dissolved oxygen and water tuilyidvere
obtainedin situ with a multi-analyzer measured each time leaf
bags were removed. The depth and average spede aight,
left and central portions of the watercourse weeasared with a
flow-meter, and the instantaneous discharge of mates then
calculated. We collected 1 L of water to determihe nitrate
(Golterman et al. 1978), ammonia (Koroleff 1976)dan
orthophosphate (Strickland and Parsons 1960) ctradems.
The canopy openings were quantified using hemisqdier
photographs taken with a digital camera equippehl avifish-eye
lens. These photographs were later analyzed usiyy IGght
Analyzer software (2.0). The leaves were washel taip water
in a 120 um mesh sieve. The invertebrates retaineithe sieve
were preserved in 70% alcohol for later identifizat and
counting (Pérez 1988; Merritt and Cummins 1996 mbhmbers
of taxa and individuals were calculated for the aquatic
invertebrate community, and biomass was obtained by
desiccation at 60°C for 72 h. The invertebratesewsassified
into five feeding categories (Pérez 1988; Cumminal.e2005;
Merritt and Cummins 1996): gathering-collectors Q-
filtering-collectors (F-C), shredders (Sh), scrapdBc) and
predators (P).

Five leaves from each sample were randomly coliecte
and three disks (1.2 cm diameter) were extractauh #ach leaf,
resulting in three five-disk sets. One set was usedetermine
the remaining ash-free dry mass (AFDM; calculatdtera
incineration in a muffle furnace at 550°C for 4 &hd the other
sets were used to assess the ergosterol and ATderdoetions.
The remaining material was oven-dried at 60°C f@r v to
determine its dry weight. The leaf breakdown raidswere
calculated using the negative exponential modg@estent mass
lost over time \V; =Woe*; Wt = remaining weight; WO = initial
weight; -k = decay rate; t = time). After the leavead been dried
and weighed, they were pulverized for further asialyof the
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total polyphenol and tannic acid concentration [&rer and
Graca 2005), lignin and cellulose contents (Ges208bb) and
the resistance of leaves to rupture (hardness tattirleaves
(Graca et al. 2005)). Values for total nitrogen evebtained
using a CHN basic analyzer (Carlo Erba 1500 for Wiermo
Electron Corp. Milan, ltaly), and values for totahosphorus
were obtained using the ascorbic acid method afieid
digestion. The total micro-organism biomass wassuesl by
qguantifying ATP (Abelho 2005). The biomass of aguat
Hyphomycetes was evaluated by quantifying ergokterdipid
exclusive to fungal membranes in this community d€her
2005a).

Data Analysis

An analysis of variance (function Im, package statsR
version 2.12.1; (Crawley 2007)) was used to analyeghysical
and chemical parameters of the water (temperaelestrical
conductivity, pH, dissolved oxygen, turbidity, iti#s, nitrates,
orthophosphates and mean velocity) and the steicfistream
stretches (instantaneous discharge of the streasn canopy
openings in riparian vegetation) as dependent lvi@sa using
two categorical factors, namely, sub-basins anelasirorder .
Stream order was also used as a co-variate (contsvariable).
We also used the leaf mass remaining, invertelm@@munities
(number oftaxa density and biomass), the relative abundance of
functional trophic groups of invertebrates (gathgstollectors,
filtering-collectors, shredders, scrapers and poedp and
microbial biomass (ATP and ergosterol) as dependariables
against the same two categorical factors. Strealararas also
used as a co-variate (continuous variable). Thizqmure was
performed similarly for both types of detritus. Aflodels used a
Gaussian distribution (link = log; test = F). Weedsan analysis
of contrasts to discriminate among categorical aldeis. The
normality of the data was tested using a Kolmogeéairnov
test, the homogeneity of variance was determingd avievene
test, and the data were transformed whenever reegesgh the
Naperian logarithm (In) to obtain the best fit (@kay 2007).
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RESULTS

Abiotic Variables

The values of instantaneous discharge, electrical
conductivity and nitrates were the highest in tHeaBd 4 order
streams. In contrast, thé' drder streams had the highest values
for temperature, canopy opening and nitrite coma¢iohs in the
water, and the water velocity was the lowest. Digsb oxygen,
pH, turbidity and orthophosphates did not differ cag the
stream orders (analysis of contrasts, p < 0.05leTah, Table 1,
Figure 2). In sub-basin 2 (SB2), we observed hitgttecal
conductivity, high nitrite and nitrate concentrasoand low
water temperatures. The values for canopy openirty veater
velocity were highest in sub-basins 1 (SB1l) and SB4),
respectively. Dissolved oxygen and orthophosphatese
highest in sub-basin 3 (SB3). Instantaneous digehgsH and
turbidity did not differ among the sub-basins (ge& of
contrasts, p < 0.05; Table S1, Figure 2). We oleskihat the
higher percentages of sums of squares and variance
instantaneous discharge and water velocity couleikpéined by
differences in the stream order. However, dissoleagigen,
electrical conductivity, temperature, pH, turbiditycanopy
opening, nitrates, nitrites and orthophosphatesbéagld a high
level of variance among the sub-basins (Table 1).
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Leaf Breakdown Rates

The leaf breakdown ratek) (were the highest in thd2
order streams, with values of -0.0083 and -0.00@2 E.
cloezianaand . laurina, respectively, followed by the3order
stream sections, with values of -0.0071 and -0.00¥8 also
observed highek values in I order streams (-0.0053 and -
0.0015) than in %4 order streams (-0.0051 and -0.0018) for
cloezianaand |. laurina, respectively. However, the remaining
mass did not differ among stream orders for eitfighe detritus
types (Figure S2, Table 2, Figure 3A and 4A). Thghéstk
values were observed in SB4 (-0.0105 and -0.0a8Mywed by
SB3 (-0.0088 and -0.0022 fdt. cloezianaand I. laurina,
respectively). FolE. cloezianathe values were -0.0062 and -
0.0049, whereas. laurina exhibited values of -0.0018 and -
0.0016 (for SB1 and SB2, respectively). The renmgnmass
showed the lowest values in SB4 and SB3 amonguidasins
studied. The variance in the remaining mass wasehitby sums
of squares) and also explained the variations éndib-basins
(Figure S2, Table 2, Figure 3A and 4A).
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Table 2. Degrees of freedom (DF), residuals, sums of squ@f@sF test and analyses of variance and cont(A€t$ for the remaining
mass, density, richness and biomass of invertehyréiactional trophic groups of invertebrates (pteds, shredders, gatherer-collectors,
filtering-collectors and scrapers), ATP and ergadti sub-basins and along the stream orderser@ama-Cabeca de Veado BasinHor
cloezianaandl. laurina.

E. cloeziana I lawina
Df Sum Sq (%)F vahe Pr(>F) AC Df  Sum Sq (%) F valie Pr(>F) AC

Remaining mass Sub-Basn 3 1505 651 <0.001 SB4=SB3<SBl=5B2 3 1101 472 0004 SB4=SB3<SB2=SBl
Order 1 018 024 0628 1 195 251 0116
Residuals 110 84.76 12 8704

Invertebrate Density  Sub-Basin 3 063 025 0864 3 929 414 0008 SB2=SB1<SBi=SB4
Order 1 549 643 0.013 M= t=gtag® 1 688 919 0003 2M=1F=3¢cyt
Residuals 110 9388 12 8383

Invertebrate Richness Sub-Basin 3 1242 565 0.001 SB2=SB1<SB4=SB3 3 2553 1524 <0.001 SB2<SB1=SB3=SB4
Order 1 7 955 0.003 to g e 1 1192 2133 <0.001 2 g3
Residuals 110 80.58 112 6256

Invertebrate Biomass Sub-Basin 3 129 048 0697 3 41 162 0189
Order 1 018 02 0652 1 147 174 019
Residuals 110 98.53 12 9443

Predators Sub-Basin 3 944 384 0012 SB1=SB2=SB3<SB4 3 1187 509 0002 SB1=SB2<SB3=SB4
Order 1 045 055 046l 1 112 145 0232
Residuals 110 90.11 12 8701

Shredders Sub-Basin 3 1389 599 0.001 SB2=SBl=SB4<SB3 3 976 409 0008 SB4=SB1=SB2<SB3
Order 1 112 145 0232 1 126 158 0211
Residuals 110 84.99 12 8899

Gatherer-Collectors  Sub-Basin 3 2251 1068 <0.001 SB4=SB3 < SB2=SB1 3 2715 1429 <0.001 SB3=SB2=SB4<SBI
Order 1 023 033 0565 1 191 302 0085
Residuals 110 77.26 12 7093

Filtering-Collectors ~ Sub-Basin 3 1114 489 0.003 SBI <SB3 =SB4 =SB2 3 1061 475 0004 SBI=SB2=SB3<SB4
Order 1 523 688 0.01 1t=pro gt o3 1 598 203 0005  1*<gt=po3e
Residuals 110 8363 12 8341

Scrapers Sub-Basin 3 217 1021 <0.001 §B3=5B4=SB2<SBl 3 1179 507 0002 SB3=5B4=SB2<SBl
Order 1 034 047 0493 1 15 194 0.166
Residuals 110 77.96 12 8671

ATP Sub-Basin 3 264 1319 <0.001 SB2=SBI=SB4<SB3 3 1759 807 <0.001 SB2=SB1=SB3<SB4
Order 1 02 031 0581 1 1.06 146 023
Residuals 110 734 12 8135

Ergosterol Sub-Basin 3 225 087 0437 3 982 407 0009 SBl=5B2=SB3<SB4
Order 1 327 381 0033 1 0.1 013 072
Residuals 110 9447 112 9008
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Biotic Community

The density of invertebrates was higher i drder
streams for both detritus types (means of 27 anch@fd forE.
cloezianaandl. laurina, respectively). Differences faor laurina
were observed among sub-basins, with high valu&Bi® (mean
24 ind/g) and SB4 (mean 26 ind/g). The numbetaxt was
significantly different among the stream orders aobt-basins,
with the highest values in SB3 (mean of 7 anthfa for E.
cloezianaandl. laurina, respectively) and SB4 (mean otaka
for E. cloezianaandl. laurina), primarily in 3% order streams for
both detritus types (mean of 7 andaa for E. cloezianaandl.
laurina, respectively). However, the biomass (total me#9®
and 0.002 ind/g foE. cloezianaandl. laurina, respectively) did
not differ among the stream orders or sub-basingifber of the
detritus types. The high variances in density, méds and
biomass (in terms of the percentage of the sursgdres) were
explained by differences in the sub-basins for lofgttnitus types,
except for the density of invertebrateslinaurina (Figure S3
and S4, Table 2).

The functional trophic groups differed significantl
among stream orders only for the filtering-collestowith the
highest values in the 3 order streams (mean 20% fé.
cloezianaand|. laurina) and the lowest in the™lorder streams
(mean of 10% foE. cloezianaandl. laurina) for both detritus
types. The relative abundance of predators wasehigh SB3
(mean 24 and 25% fdE. cloezianaandl. laurina, respectively)
and SB4 (mean of 32 and 34% fér cloezianaand|. laurina,
respectively), whereas the values for shredder® wéher in
SB3 (mean of 27 and 25% fdE. cloezianaand I. laurina,
respectively) for both detritus types. However, S&hibited
high abundances of gathering-collectors (mean oadd 50%
for E. cloezianaandl. laurina, respectively) and scrapers (mean
of 18 and 16% foE. cloezianaandl. laurina, respectively) but a
low abundance of filtering-collectors (mean of &l &% forE.
cloezianaand I. laurina, respectively) for both detritus types.
The high variance in the relative abundance forfuatictional
trophic groups (by the sums of squares) was alptaigred by
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changes in sub-basins for both detritus types (Ei@B8 and S4,
Table 2, Figure 3B and 4B).

The ATP values differed only among sub-basins @ihb
detritus types, with the highest values in SB3 (me&2155.8
nmoles/g AFDM) forE. cloeziana(total mean 991.8 nmoles/g
AFDM) and in SB3 (mean 633.3 nmoles/g AFDM) and SB4
(mean 2023.9 nmoles/g AFDM) farlaurina (total mean 847.8
nmoles/g AFDM) (Table 2; Fig. 2C and 3C). There aveio
differences in the ergosterol concentrations amotig
hydrological stream orders and sub-basindEocloeziangtotal
mean 541.2 ug/g). However, we found higher ergokter
concentrations fol. laurina (total mean 382.9 ug/g) in SB3
(mean 392.6 ug/g) and SB4 (mean 464.1 ug/g), aiththey did
not differ among the hydrological stream orderse Mariances
in ATP and ergosterol concentrations were also axptl by
changes in sub-basins for both detritus types, pxder
ergosterol InE. cloeziana which showed a high level of
variation with stream order (Figure S3 and S4, &dhl Figure
3D and 4D).
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Table 1.Degrees of freedom (DF), residuals, sums of sgu@f®, F tests and
analyses of variance and contrasts (AC) for diggbbxygen, electrical conductivity,
water temperature, pH, turbidity, water velocitghopy openness and nitrites,
nitrates and orthophosphates in sub-basins and #henstream orders in the Gama-
Cabeca de Veado Basin.

Df Sum Sq (%0)F value Pr(>F) AC
Instantaneous discharge Sub-Basin 3 571 197  0.127
Order 1 31.56 3271 <0.001 1st=2nd < 3rd = 4th

Residuals 635 62.72

Dissolved oxygen Sub-Basin 3 11.34 28 0.047 5SB4=5B2=SBI=<SB3
Order 1 0.87 0.65 0425
Residuals 65 87.78

Electrical conductivity Sub-Basin 3 4263 2722 <0001 SB4=SBl1=SB3<SBl
Order 1 2342 4486 <0001 Ist = 2nd < 3rd = 4th
Residuals 65 3393

Temperature Sub-Basin 3 22.29 6.66 <0.001 SB2<SB1=5B4=58B3
Order 1 515 462 0035 4th=3rd = 2nd < st
Residuals 65 7255

pH Sub-Basin 3 544 125 0298
Order 1 047 0.567
Residuals 65 94.07

Turbidity Sub-Basin 3 2.66 0.62 0605
Order 1 423 2.96 0.09
Residuals 65 93.1

Average water velocity Sub-Basin 3 10.44 379 0014 SB1=SB3=5B2<5B4
Order 1 277 3237 <0.001 Ist < 2nd = 4th = 3rd
Residuals 65 5977

Canopy opening Sub-Basin 3 39.83 41.13 =0.001 SB2=5B3=5B4<5Bl
Order 1 8.64 17.83 <0.001 4th = 3rd = 2nd < 1st
Residuals 65 3152

Nitrate Sub-Basin 3 42.56 3268 <0001 SB3=5B4=5B1<5B2
Order 1 29.22 67.32 <0.001 1st=2nd < 3rd < 4th
Residuals 65 2821

Nitrite Sub-Basin 3 355 2386 <0001 SB4=5B3<5BI<SB2
Order 1 3225 65.02 =«0.001 4th < 2nd =3rd < 1st
Residuals 65 3224

Orthophosphate Sub-Basin 3 11.62 287 0043 SB3<SB1=5B4=5B2
Order 1 0.54 0.4 0.527
Residuals 65 §7.83
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DISCUSSION

Scale Analysis

The instantaneous discharge, water velocity, titsbid
and nitrogen series (nitrate and nitrite) were mnfieenced by
changes in stream order (high hetero%eneity), tigher values
downstream (increasing from®1to 4" order), as expected
according to Vannote et al. (Vannote et al. 19&3xept that
nitrites exhibited the inverse pattern. The findimigrelatively
few influences at local scales can be explainedthay large
discontinuities inherent in smaller geomorpholobiaaits
(habitat patches create discontinuities in spdta) ihcrease the
potential influence from the local characteristicd the
environment (Benda et al. 2004; Larned et al. 20%igns 1989;
Wiens 2002). Flow changes, for example, create digdical
discontinuities along stream corridors and isolét&bitats.
However, the other abiotic variables were influehbg changes
in sub-basins (high homogeneity) that correspondegional
scales (Allen and Starr 1982; Frissell et al. 198®)ese factors
worked at the watershed level and may increasfatslity in
the face of intense climatic changes because thet is the
primary controlling factor at large scales (Allai®03). The
basins are influenced by environmental factors that
systematically change across longitudinal
(upstream/downstream), vertical (sediment/wateryl dateral
(terrestrial/aquatic) gradients, forming differespatial and
temporal patterns at regional and local scalesn@aet al. 2010;
Schneider 2001; Wiens 2002).

As expected, the high-quality detritug. (cloeziana
showed more rapid leaf breakdown ratdstijan the low-quality
(I. laurina) detritus, indicating that the rate could be dnivgy
micro-scale processes (Wiens 1989). These findiegsesent
important evidence that the riparian vegetation Idcobe
responsible for determining the ecosystem chalatitsr
(Cummins 1974; Naiman and Décamps 1997; Petersen an
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Cummins 1974), as also proposed by Gongalves et
(Goncalves et al. 2012b) for tropical systems, liggting the
need to study this vegetation. For example, ifrigravegetation
is composed of plant species that have a highéhstonetric
ratio (higher quality), we expect more rapid resg@for organic
matter cycling (higher decomposition). This direetationship
between terrestrial and aquatic ecosystems dematestihat any
modification in a riparian ecosystem would affdo¢ function,
primarily in areas composed of palatable plantgh(lgjuality and
decomposition), corroborating the work of Frauehdetr al.
(Frauendorf et al. 2013). Thus, lower quality vagenh (slower
decomposition) will be less sensitive to other dest and this
may explain the resistance of the Brazilian savarna
comparison with other Brazilian tropical systemari@lho et al.
2009). Moreover, the leaf breakdown at the macedesavas
more influenced by the regional scale (sub-bagiantby the
local scale (stream order) (Wiens 1989), confirmiogr
hypothesis. This result indicates that the patterbserved in
studies covering a given time period (timely stajlicommon in
tropical literature (for more see also (Bianchini_1999;
Goncalves et al. 2013)), cannot be generalized floral to
regional scales (Bae et al. 2011; Schneider 20@uny and
Collier 2009) or to whole watersheds (Lowe et 80&, Tiegs et
al. 2009; Wiens 1989; Wiens 2002). In additions ffimding may
indicate fragility in the upstream basins due te stower leaf
breakdown rates. However, the upstream area isuecesof
nutrients and organisms for the downstream badlasr(ote et
al. 1980). The upstream basins can give suppodugtivity and
may be responsible for extending the depuratiomlgitity of the
system (as represented by the microbial pools)raaithtaining
functionality downstream (Frauendorf et al. 2013)erefore, we
believe that the association between detritus gu@portant at
the micro-scale) and the environmental featureb®ivatershed
(important at the macro-scale) is responsible f@apgg organic
matter cycling in the watershed and should be &urth
investigated in future studies.
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Previous studies indicating that the microbial
community is the principal decomposer (Cummins 1974
Gessner et al. 1999; Gongalves et al. 2012b), anérmed by
our results, as we found that the high-quality Ispécies was
also more susceptible to leaching and microbidbactwhereas
the low-quality leaf species was influenced prittyaby fungal
colonization. Both leaf samples were consumed bydsters, but
a higher abundance of shredders was observed inEthe
cloezianadetritus. We also found a higher loss of mass dubké
high water velocity (mechanical fragmentation aedching),
dissolved oxygen and temperatures, which acceldiategical
metabolism (Gulis and Suberkropp 2003; Medeiroal.e2009).
The detritus quality is important only for definitige local rates
and their pathways for leaf breakdown (Ardon ariddge 2008;
Gessner et al. 1999; Gongalves et al. 2012b). Heryethe
detritus quality has little influence on the gehgrattern along
the “riverscape” and at any specific scale (Tiegsle 2009).
Therefore, based on an analysis of the samples aftertain
percentage of mass has been lost (25, 75 and 56&b)nat
simply at predefined time points (e.g., 7, 15, 3y4], it is
possible to show a clear colonization effect indeleat of
quality. To be sure, detritus quality is a highlyportant
determinant of the abundance of shredders and iegpthe
importance of shredders for both detritus typesn@abres et al.
2012a). We cannot study the variations associatiéd spatial
scale in terms only of the local context becausgettare many
factors in the ecological levels (community andsgstem) that
are responsible for variability found in the largeale (Wiens
2002; Young and Collier 2009). However, the logghmach has
been used in all previous tropical studies of lbegakdown
(Abelho 2001; Gongalves et al. 2013).

Leaf Breakdown Rates

In agreement with the proposal of Gongalves et al.
(Goncalves et al. 2013) for tropical systems, khelues ofE.
cloeziana were classified as intermediate (-0.0173 > k > -
0.0041), and those df laurina were classified as slow (k < -
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0.0041) for all sampling sites, indicating a stranfuence of
detritus quality. The high leaching due to the highubility of
polyphenols and tannins (secondary compoundg). icloeziana
can accelerate the decay rate (Ardon and Prind)8;28rdon et
al. 2006). Therefore, the rapid leaching of theseosdary
compounds, which has an inhibitory effect on deties, as
well as the lower hardness Bf cloezianadid not limit biotic
colonization due to the low residence time in tigise of detritus
(Ardon and Pringle 2008; Goncalves et al. 201 2lg)digonally,
Eucalyptussp. (an exotic species) is rapidly colonized and
decomposed in the Brazilian savannah. It is posdibat this
pattern is due to the high quality Bficalyptusrelative to native
species (Goncgalves et al. 2012a; Goncalves et @GL212
Oliveira-Filho and Ratter 1994).

In contrast, we found lower breakdown rates for
laurina which were most likely a consequence of a hightexn
of structural compounds (lignin and cellulose) aralative
hardness (cuticle thickness), hindering the releakeother
chemical compounds (e.g., polyphenols, nitrogen and
phosphorus (Ardon et al. 2006; Gongalves et al2B0Oliveira-
Filho and Ratter 1994)). Therefore, the chemicalratteristics
of detritus determine the speed of processing @oilynat local
scales), showing that leaf breakdown rates increatbequality
and palatability (Gessner et al. 1999; Goncalveale®012a;
Gongalves et al. 2012b; Graca et al. 2001). Dstquality is of
lower importance when if it is observed at diffdrecales. In the
study area, we observed that the regional scatiedssive for
driving the general pattern of this important egidal process
along the “riverscapes” (Allan 2004; Frissell etZ386).

Abiotic and Biotic Variables in Leaf Breakdown

The natural environmental changes that occur across
stream orders (Benda et al. 2004) were not suffidcie modify
the remaining mass, and the local scale could ffettathe
decomposer communities (shredders and microorgahisan
either of the detritus types. Decomposer commuitiee the
driving factors for leaf breakdown, and their alzgeteads to
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similar breakdown patterns along the stream ordadignt

(Gessner et al. 1999). This finding might indictitat ecological

functioning in headwater streams™(fo 3¢ order) was similar
within the same sub-basin (Vannote et al. 1980pweVer, this

process might change over a large spatial gradasrgpresented
by the sub-basin scale (Allan 2004). Neverthelexgeases in
richness and the density of invertebrates and aedse in the
abundance of filtering-collectors for both detrittypes were
observed across this large spatial gradient. Thesailts

demonstrate that these variables had no effeatairbleakdown
(Cummins et al. 2005; Merritt and Cummins 1996).

The values of the remaining mass for both dettigpes
were lower in SB4 and SB3 (high decomposition) tirarthe
other sub-basins. It is probable that the reaspihfe difference
was the higher temperatures, dissolved oxygen cdrat®ns
and water velocities resulting from the microclimadf the
geographic location (within a valley). Therefordie thigher
temperatures (Gulis and Suberkropp 2003) and oxygen
concentrations (Medeiros et al. 2009) observedd#d 8nd SB3
may elevate the metabolic activity of the decomposenmunity
(Suberkropp and Chauvet 1995), especially micrausgas. The
higher metabolic activity of the decomposer comryni
associated with high water velocity (mechanicabrfnentation
and leaching), which increased the degree of palsibrasion
(Santos Fonseca et al. 2012), accelerated thebleafkdown
rates. In SB4 and SB3, higher density and richnefs
invertebrates and higher shredder abundance, wihgteatest
densities inE. cloeziana,were also observed. The shredders
directly utilize leaf tissues for feeding, and ieasing biological
fragmentation (Boyero et al. 2012; Graga et al.120fan also
accelerate the leaf breakdown rates (Sponseller Berdield
2001). Certain shredders in these locations (géttudloicug
can build their capsules from leaf tissue, and tlge of leaf
material also contributes to fragmentation (Cumneinal. 2005;
Merritt and Cummins 1996).

The relative abundance of shredders was influethyed
variation, primarily among the sub-basins. A greatdative
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abundance of shredders in comparison with othepidab
systems was observed in SB3 for both detritus tyBeyero et
al. 2012; Goncalves et al. 2012a; Wantzen and Wa2p@6). A
low relative abundance of shredders was foundénother sub-
basins. This result is consistent with the findirgjsprevious
studies in the Cerrado (Goncalves et al. 2007; &loas et al.
2012a; Gongalves et al. 2013). The importance wfdgters for
leaf breakdown is unclear in the tropics due toirtHew
abundance or absence in these streams (Boyero. @042;
Goncalves et al. 2012a; Wantzen and Wagner 2006 stbdies
have shown little effect in tropical streams (Méret al. 2007;
Moulton et al. 2010). From a global perspectives #irong
effects observed in the current study were mostyliklue to the
preference of shredders (primarily Trichoptera &telcoptera)
for high altitudes (due to the lower temperatures)tropical
regions (Boyero et al. 2012). The preference of tfnoup fork.
cloeziana indicates that detritus quality is also important
(Wantzen and Wagner 2006) and that the composiiothe
vegetation influences the functioning of aquaticstes.
Therefore, higher altitudes (low temperature (Boyet al.
2012)), high dissolved oxygen, the composition loé tflora
(ideally includingE. cloeziangWantzen and Wagner 2006)) and
moderate values of nutrient concentrations in tlaew(Bae et
al. 2011) favor a high abundance of shredders. The
predominance in the Cerrado of leaves that areitonutrients
(Oliveira-Filho and Ratter 1994), is associatechwifydric and
thermic stress and could be responsible for theratgsor low
abundance of shredders found in most tropical sise@Boyero
et al. 2012; Wantzen and Wagner 2006).

The high-quality detritusH. cloeziangawas shown to be
most influenced by the total microbial communitydahe low-
quality detritus K laurina) by the fungal community in SB4 and
SB3 (high decompositionE. cloezianehas elevated amounts of
labile compounds, facilitating the activity of baga (rapid life
cycles) that use compounds derived from the legclohthe
leaves of labile detritus as their preferred reseyWeyers and
Suberkropp 1996). These bacteria could be impodarihg leaf
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breakdown and not only, as observed by severabesjtlat the
early stages of the process (Gessner et al. 1999¢aB/es et al.
2012b; Gongalves et al. 2013). However, this patterrarely
observed in tropical streams. In lower-quality es (.
laurina), we observed an interaction between the bioma#seo
two microbial communities, highlighting fungi asettprincipal
component (Gulis and Suberkropp 2003). Due to iighh
capacity to metabolize refractory molecules (ecgllulose and
lignin) and to decompose them, the fungal commuistythe
primary decomposer in tropical streams, and thimcyple
explains the great significance of fungi ih laurina
decomposition (Gessner et al. 1999; Goncalves .eR@l2b;
Weyers and Suberkropp 1996). Fungal action careaser the
palatability of detritus, as well as its nutritidbmpuality, for other
decomposers, and the high biomass of fungi migharather
factor responsible for the higher abundance ofdsters in these
sub-basins (Gongalves et al. 2012b; Graca et @l)20

In general, we conclude that variations in scale
contribute to the variation in the leaf breakdowater
highlighting the importance of similar studies bfst type that
determine effects at different scales. The vaiighibf the
physical structure of streams (primarily tempemtutissolved
oxygen and nutrients) accelerates leaf breakdowam frpstream
to downstream, but this process was only demosesitrat the
sub-basin scale in the location studied, partiadisroborating the
initial hypothesis. The replacement of shreddeeitebrates by
microorganisms was observed but was contrary t@tbdiction
of our hypothesis. Shredders were favored by migamisms
(primarily in E. cloezian® with stronger interactions between
them than those previously found to drive leaf kdesvn rates.
Based on our interest in the influence of spattalicsure on
ecosystem functions, we observed that watershettiswarmer
microclimates and streams with higher nutrient levand
oxygen in the water could be accelerating the nuditah of the
ecosystem in the watershed, with increased negaftects
downstream. For the management of tropical watdssheve
noted that the upstream areas are more fragilesansitive to
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environmental impacts but show greater importancethie
cycling of nutrients. We performed analyses withimd between
spatial scales to assess the relative importancevaoibus
watershed scales in determining the local breakdoate for
leaves. Local characteristics are responsible fdre t
diversification of this process across the “rivagse’, and high
heterogeneity underscores the difficulty of makpgdictions
based on local studies.
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APPENDICES

Table S1.Average values and the standard deviation of @utftlissolved oxygen in the water (M, lelectrical conductivity (uS-cth
water temperature (Temp. °C), pH, turbidity (NTWjter velocity (m-s), nitrite, nitrate, orthophosp (mg 1) and the percentage of
canopy openness (%) in sub-basin and stream datey the Gama-Cabeca de Veado Basin.

Sub-basin Order Outflow Oxygen Conductivity Temperature pH Turbidity Velocity Nitrite Nitrate Orthophosphate Canopy openness
SB1 1st 0.02+0.016.85+049 424+0341794+£036555+0.18 4.65+0.920.08=0.01 18.65+0.56 043=0.01 6.84=0.13 55.09
SB1 2nd 0.11+006 7.02+0.33 3.55+0.18 1590+0906.00+£0.30 4.61+0.530.29+0.16 6.87+0.56 0.13=0.01 4.76 £ 0.13 49.50
SB1 3rd 048+0.206.60+062 4.01+0321622+047582+027 7.82+3.060.58+0.16 21.53+0.37 0.09+0.01 2.20 + 0.00 2340
SB1 4th  1.23+044 7884039 9.65+0.19 17.04+042597+0.18 486+0.520.76+0.17 61.58+1.48 0.10=0.01 3.52+0.07 2561
SB2 1st 0.03x001 6.85+0.57 10.25£0.69 16.78 £0.345.81+0.0910.57£2.840.26=0.06 11.06=0.74 0.73=0.01 333 +0.20 20.50
SB2 2nd 0.31+0.11729+0.68 6.05+0.76 16.02+0.556.22+0.11 3.13+0450.69=026 42.73+0.37 0.19=0.01 3.81 +0.07 12.53
SB2 3rd 0.22+008 6.97+0.59 16.73+046 1554+1.016.09+0.11 3.01+£0.710.37=0.08 94.56=0.37 031=0.01 8.74 + 0.60 13.86
SB2 4th  1.19+026 7.16+0.31 1524+0.79 1536 +0.73591+0.16 2.54+1.020.81+0.1914821+6.11 0.07=0.01 258 £0.27 13.36
SB3 1st 0.11+0.05828+021 2.70+043 1850+0326.03+034 549+043025=0.06 583=+037 0.05=0.01 1.82=+0.01 16.93
SB3 2nd 029+007 720016 791+073 1804+037575+025 255+058052+007 766=001 006=001 371013 11.93
SB3 3rd 103+0.19751+032 844=+1811722x062570x021 600+1340.70=008 1473=056 006=001 296001 22.04
SB4 Ist 0.09£002620+062 364=0581724+047565+035 4.79£0.580.38=0.06 2467=037 0.11=0.01 2.10=+0.01 13.28
SB4 2nd 0.16=0.03 645060 3.62+036 17.78+040545=037 246+063060=0.15 8.71=0.19 0.02=0.01 4.66 =001 20.44
SB4 3rd 274076 675+£052 769+£1321718+064583+018 365+085165x023 1420=037 002+x001 732+013 20.64
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Figure S2.Percentages of remaining mass along of the d&y atoeziangA and C) and. laurina (B and D), between stream order (A e B)
and sub-basin (C and D).

125



o
oot
Doo%
Soon
gnxa
Zoon
ooy
0
"o
% w0
H
i.
?-m
1 10
e ®m m w @ w w n m o 1 @ 0 @ w» & m w
ey R
n o
el ano
g
LT a0
g‘""ﬁ 00
B
H
1000 =)
!
6 1 3 % 4 o @ N % ‘o w m w» 4 ————
- Md a3 i Days BBl ——-SB2 §B3 — SB4

Figure S3.Average values and standard error of density @B richness
(C and D), biomass (E and F) of aquatic invertas;abtal microbial
biomass (ATP; G and H) and fungal hyphomicetos kissr(l and J) along of
the days irE. cloezianaamong stream order (A, C, E, G and I) and sub-
basin (B, D, F, H and J).
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Figure S4.Average values and standard error of density @B)j richness
(C and D), biomass (E and F) of aquatic invertas;abtal microbial
biomass (ATP; G and H) and fungal hyphomicetos bigsr(l and J) along of
the days irl. laurina, among stream order (A, C, E, G and I) and sulmbas
(B, D, F, Hand J).
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CONCLUSOES FINAIS

A temperatura e a biomassa de micro-organismos
(principalmente fungos, que apresentou espécigsantis
a locais de maior temperatura) foram os fatoress mai
importantes para a decomposicdo em sistemas $pario
tropicais/Cerrado, em ambas as escalas avaliaspacial
e temporal). Isso pode ser um passo importante para
produzir modelos matematicos capazes de prevexxas t
de decomposicdo a partir de caracteristicas analient
simples.

A variagdo temporal modifica a resposta da
decomposicdo foliar em sistemas l6ticos, com menore
taxas na seca e maiores no inicio das chuvas. Assmo
a maioria dos trabalhos realizados em regido
tropical/Cerrado ocorreram na seca, tornando datiess
de tracar padrdes gerais pouco realistas e sulaestinA
variacdo temporal permite maiores picos de entdmla
matéria organica (setembro e outubro) no final eidgolo
da seca. Entretanto, observou-se a existéncia détinme
lag” com o pico de decomposicdo (dezembro), indioam
possibilidade de prever ambos os picos atravéggione
climéatico (temperatura e pluviosidade). Outro atpet
que temporalmente os sistemas riparios estudados
apresentaram uma maior instabilidade no processo de
decomposicdo e parametros fisicos e quimicos da o
meses de transicdo, entre os periodos de secava. ¢t
periodo de seca foi observado maiores densidaideeza
de invertebrados, biomassa de micro-organismo.
Entretanto, no periodo chuvoso foi observado maiore
taxas de decomposicdo, possivelmente em funcdo das
elevadas temperaturas, que pode acelerar o meatalooli
das comunidades decompositoras.

Sobre o funcionamento de veredas, verificamos
gue apesar de apresentar um solo muito organste, e
sistema apresenta baixa produtividade, possiveénent
funcdo de elevada capacidade de retencdo de matéria
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organica associado a baixa capacidade de transjestas
areas. Outro aspecto é que em funcdo dos pulsos de
inundacdo (seca e chuva), o rapido acumulo e
empilhamento de matéria organica, pode gerar um
ambiente com baixa concentracdo de oxigénio, emassi
desacelerar a decomposicdo nestas camadas mais
profundas, comparadas as superficiais (alta decsigfm

no extrato mais superficial da serapilheira). Igsmle
explicar o solo rico em humos nos extratos maifupans

do solo das veredas.

O impacto sobre a remocao parcial do dossel da
vegetacdo nativa (extrativismo vegetal) afetou rpatéos
biéticos (invertebrados e micro-organismos) e amét
(parédmetros fisicos e quimicos da agua) associados
decomposicdo indicando que este processo € util na
avaliagdo de impactos ambientais. Estudos mosttaraq
vegetacdo nativa pode funcionar como uma zona de
protecdo, mantendo constante o micro clima em areas
riparias (menor variacdo na luminosidade, tempexatu
umidade), e sua remogao interrompe essa prote¢dmina
deixando o sistema mais suscetiveis as mudangaisassz
Este fato pode explicar o aumentando a frequéncia e
intensidade das mudancas ambientais com retirada da
vegetacao nativa, consequentemente, elevando @wapl
sobre os parametros biéticos e abidticos observados
nosso estudo.

Quando avaliado as diferentes escalas, se
observou maior explicacdo da variancia das taxas de
decomposicdo foliar, varidveis bidticas e abibticas
relacionadas a este processo pela escala regional,
independente do tipo de detrito. A variabilidade da
estrutura fisica nos sistemas I6ticos (principabmen
temperatura, oxigénio e nutrientes dissolvidos) epod
atuar diretamente acelerando o metabolismo das
comunidades decompositoras e, consequentemente a
decomposigdo. Assim, os resultados obtidos a mhertum
ponto amostral ndo permitem generaliza¢des paia @od
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bacia. Para estudos de ordem hidrologica a nivéladea
hidrografica é necessario réplicas de rios em eliteis
sub-bacias de mesma ordem, em funcdo do gradiente
crescente na taxa de decomposicdo de montante para
jusante na bacia hidrografica. Isso pode ser eagidiqpelo
aumento da temperatura e biomassa de micro-orgasiem
abundancia de invertebrados fragmentadores ao longo
deste gradiente.
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PESPECTIVAS FUTURAS

Os seguintes topicos sdo recomendados para

serem avaliados em experimentos futuros:

1.

Buscar padrdes de produtividade dos ecossistemas
aguaticos e zonas riparias tropicais e verificar
como os gradientes (longitudinais e latitudinais)
de produtividade podem influenciar a
decomposicéo foliar em sistemas I6ticos tropicais.
Estimar as taxas de retengdo e transporte de
matéria organica ao longo da dinamica sazonal em
ambientes tropicais e sua influencia sobre a
decomposicéo.

Avaliar como outras formas de impacto ou
alteracdo ambiental modificam o processo de
decomposicéo foliar em sistemas I6ticos tropicais.
Produzir mecanismos de valoragdo do processo de
decomposicdo, considerando o0s servicos e
prejuizos em funcdo de atividade antrdpica.

Investir na decomposicdo como uma ferramenta
de biomonitoramento, ajudando a determinar
fatores e mecanismos responsaveis pela resisténcia
dos ecossistemas aquaticos as perturbacdes
externas.

Ampliar estudos que abordem como a estrutura
espacial dos ecossistemas aquaticos tropicais pode
influenciar os processos ecolégicos, como a
decomposicéo foliar.

Verificar a importancia dos fatores ambientais e /
ou espaciais sobre a biodiversidade (alfa e beta) d
comunidade decompositora e, consequentemente,
como esta variagdo pode alterar as taxas de
decomposicao foliar em sistemas léticos.

Entender o padrdo de distribuicdo dos
fragmentadores em sistemas tropicais e explicar
sua baixa participacdo na decomposi¢cdo quando
comparado a sistemas temperados.
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9. Produzir modelos matematicos a partir da
distribuicdo de caracteristicas simples, como por
exemplo, composicdo da vegetagdo riparia,
temperatura e precipitacdo que sejam capazes de
prever taxas de decomposicao.
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