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-topodeecaB®emaet ( Iy°nODomoni toramento em cC
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enrosqueencimut ri ent es.asEdterxwtl wrsaxso ealee trro-fe
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- rrAesgsoi m como o0os invertebrados coletados n

tra2do em ambasadaass ees tnr«uot verl aest r(i efli ectardiafsi)c |
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zonal i dade e gradiente de Bhuzcomunoi dfaare
croinvertebrados bent®nicos nos c-rregos
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Abstract

Background and goals

Headwat er streams provi de i mportant €ecCosy:
environments, medi ated by the benthic macr
decomposition and availability of organic n
struetand functioning of the invertebrate
availability of Iight and by the hydrol ogic

characterize the forest headwater streams.
itneractions of the macroinvertebrate commun
conducted three studies case in forest hea
study, the monitoring of four miaonohabnaht
traits of benthic macroinvetebrates that we
the hydrological regime (rainy and dry seas
effect of seasonality on ndeoudumraeasfEbi offi len
and litter) to invert asriatgels]l, e tihs otugme ¢ hef r
and nitrogen (N). Field monitoring was perf
first study, al |l owi ng ntihceh ecso nopfa rti lseo nmadr otih
bet ween the rainy and dry seasonsdowm the
(grazing)umnfdadbtoatoom(|light and nutrient) ac
andavhet hee photosynt hetiiof ialcmi diett ¥ r rmif n etsh et
fractionation of carbon. For ttehsag ,camter dleihes
with electric pulses in four streams, t wo
El ectrified structumaeesl e(cstariadperd esxtoluwstiuanne)s
were I mplemented in open and shaded areas
coll ected-eli emcttrhief i ma@n structures, t he bi of i
(electrifiledtandi eal) twastsabbdjeedtsot ope car b
As-hree dry matter (-AFOMpcamidr athilom ophyt he |

analyzed.

Conclusions

Seasonality and Il i ght gradi ent are select
macr oi nvert e beraadtwast eiena misor ef[shte seasonal hydr
demonstrated the dependence of the macroir



mi crohabitats, favoring traits tolerant to

reduction ini hobdeawvai hgpbséeasygn reflected

food resources assimilated by the macroi nvi
functional redunddmcyt hef dtrtye se@ammwnni tsyensi t
adequateodondevel opment, predictedTrhaisnly by
hydraulic stress was I mportant for the wu
i nvertebrate community, mainly due to the d
and rRégagei ng t hegrl diggnte rgreabdriaetnets, wer e i ndi
environment al conditions that resulted in

carbon isotopic frilatcti ®oniampomt amt tthe imotod i
naturally shaded and oligotrophic and chang
fl owsadtroaohtr esoounuses, affecting the charact
food web andprtchwiide aedbddsysyt dm services asso
the water quality.

Keywormhalsi:t at ptiespil eé¢ ;espgdthfmimscti ona&alophiaits
rel aticne pe,ptnalislbeeoeppetr i menthalof.e ¢ onl ogy,
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1 Introducéo Geral

Os c-rregos de <cabeceira frleodroens2tnaiios dsa«

produ-«o prim8ria al-ctone e regime hidrol
(Meyer et al., 2007; Townsend.Samd Hirledragve,n s
s«ibe primeira a terceira ordem, sombreados
i mportantes servi-o0os ecossist®°micos, i ncl u
i nvertebrados (alimento potenci al para pei
aqus8ti qusanoeey et al ., 20 11A1 ®3ru tdear faonndt eC o

recurso e das caracter2sticas hiednobdb-dosas/
c-rregos de cabeceira florestais dependem d

atua como um el o entre 0SsS recursos basai s

predafdGoesg¢h et al., 1999; Gessner et al .,

Como a produtividade ©prim8ria nesses ec
incid°ncia de luz no corpo h2zdrico, a serap
da zona rip8ria ® a principal fonte de ma
incorpora-«o0o na cadeia tr-fica ® intermedia

tanto consomem a mat®ria org®©nica particul
detritos em menoiBegsi & asxas mers eata alo.d ,uAlla®@&9 ; G
de ali ment o, a serapilheira acumulada no |

ambi ente remanescente de c olDoorbiszoan- «aon da pHisl de

1992)
Em condi-»es naturais, di st Yar bi o0s nos bz
mudan-as temporai s na produ- «o, como obse

apresent am pduel sfoosl hdaef Waubeldeas e oedJ @ lem &mMOMHi56 nt
tropicais com produ-«o0 de serapi(Bheibraeton:
al ., , 261d) st %rdmi od o® rreggs urlet hi dr ol - gi co ass
reten-«o da mat®ria org®nica al - -ctone no c-

i ntensa (picos de vaz«o) gerados pela c¢chu

(Kiffney et al ., 20pédeBdeakerfrl etial na &98:1
ecol -gicas da comunidade de invefWebraedoet e
al . ,. 2018)

Como preconi zafiHa b ictoantcoe(f®anptideatood ,as1977)

respostas ecol dgi cdacs asj«wst® reeudlutta vo dos



organi smos tae mjpn Brbordred coi o pel os habitats. N
e previsibilidade ,hdwvelvarri Svoenisst Omml iae ndteai «
caracter?2sticas depue adaf hmdmtatt ¢ Splue th wood,
das i nter a(-Greese nksil -atdiEccasasd® 88 ar act eiif2ogt-iacsa s,

s el edtaitvuaasm ffciolmor o cod mhheanidemws gauj os traits
ajustados © sua vari gbiolfifdaede &€b3snp a &iI9BI7 ) Wt t
a heterogeneidade dos habitats pode favor.

nvertebrados (composi - «o0, abupdOndioa eérdi ¥

para estrutura e funcionamento dos ecossi st

Com rela-«o0o " wvariabilidade temporal, To
hidrol -gico sazonal (ocorr°ncia de eventos
(el evada reevceonrtro°sn)cicaondoe a for-a seletiva pr
de i nvertebrados de c-rregos em diferente
apresentaram maior di(Viemkii cha ceg eheh . §J a 260107 b
possibilidade de coexist°ncia de diferente
tempo, cada uma em suas condi-»es -timas e
per2o0do (Huttcdqhmpmes oa d9b6dl)a espasi alesposdiem
for-as seletivas hier8rquicas, desde gr ande
cobertura do sol o; at® os microhabitats, C
caracter2sticas do substrat¢Pofvfel eti chdde €
Townsend and.Hildrew, 1994)

SeguiHd&to95d4m ri o da cabeceira at® o mar,
zonas suessustitwaams es da a-«o0 combinada da ten
gue condicionam - ta@gmpulde- we st ad d dmadiexogpsa.r aDe

conceiid mn ad;ax®sa f oi a primeira tentativa d
ecossistema fluvial, sendo posteriormente &
(IH'i es and Bo.t 0G anemmdGant HnPwway FFCA,vivdannott e
al ., 1980) expandiu o conceito da Zona-«o0 p

descrever a estrutura e o funcionamemtla das
Aestrutura f2sica acoplada ao ciclo hidrol
de mat ®r i a orgoni ca pel os grupos funci o
macroinvédVaeboaeoset al. 1980)

Apesar das diverg°nci assnteontdae foasu npaa d ro»ce

Huet (1954), e 0s gradientes abi-ticos da ¢c



(19&0 nteHn gl ®Bs6Uger em o Atiochrc&u Itioc abedbemoC- rr eg

uma al ternativa ponderada. Nessa pasopubapas
vari 8veis abi-ticas e bi-ticas, varia-»es e
i r«o determinar mudan-as na estrutura bi - ti
abordagem requer medi - »es dea ‘e lroucgiodsa ddea de

Substratmdo@etrimmati va de par ©metros hidr Sul
(turbul °ncia gerada pelo ebMeobpagenkxoand Del ¢t
200MMemonstrarrmaimbyiue«a dle stcerca de 70% dos t
significativamente relacionada ~ tens«o de
|l eito do rio) e ao n¥Ysmero de Froude em um t

Par ©metros hidntSsaul cemsme@eannicomgu de r et
di sponibilidade de nutrientes, S«0 consi de
funcionais de ali menta-«o0 em ambientes aqus§
Espirabd@Welnltaoce .etEsatt e veelscrdi)cl agem de nutr
ue S«O0 assimild&ddaoasa mneat o olden abi @ mass a be
emporariamente retidos e minéeNawbabhdost dal
981; Wal | ac.c&€ombnadl ut,r aln9%7p70)rt e de nutrient

clagem ® consider aedma eoapWwalal axcant et ablert a

ogu2zmica, indica a efici®ncia na wutiliza

aso das cabeceiras florestai s, gue tendem

fi
q
t
1
c
compri ment oumho medpidraali,nt egrada entre vel oc
b
c
el evada atiei dagachidaldegdeareten-«o0o de mat @
do espiral t enLdoer eanzsEIt9 Tadedduzi do

Al ®m da efici®°ncia no uso dos recursos
condi -»es vari8veis de habitat, per mitindo
di versa e, portanto, favor ecer( Do bbsioond i vierosdi;
Heaston et al ., 2.Dbb;s(bemeattprri beui ual”™. , v a2rOiOarb)i
condi -»es do microhabitat o controle da di
cabedeigrear(®Odt®nalfi caram que a amostragem el
em Wami co pont osede ac osrurfedce/i&fat d ogat xonlsebds
em um trecho de rcedu=zigndodeowsesaabfacreproag repr ¢
da diversidade.

No entant ocormdip-axpedn adsalsireant®giisas de sobr
alimenta-«o, definindo a | argura do ,nicho t



per manece p 0 uHteoi n® x [j2l 0c0r8apldoon.t ar am que a aval
comuni dade de invertebrados em 8reas prote
al tera-»esi beumh - xwa edn sdtercorr °nci a das mudan-
°nfase considerg8wvel ctemegosodedvaiddaobetc®i pas
altera-»es no regime hidrol  -gicoCabmadas et
al ., 2012; Stanf.ield and Jackson, 2011)

Al ®m di sso, por apresentarem bacias hi
C-rregos o¢e&ocCcameseidrea ados sens2veis ~s alt
principal mente em fun-«o0o daMedyepe red®° rmdbimg & (
consequ°ncias thindrmolp-agagiandoe nrcedghincea- «o do e
superficial, quanto para a altera-«o dos gr

-

pE@KaashaldldBe calt.o,l d2 eteir @ lArpaom2 Cale7/B)bi se de
-topog Set BlvleeeAhabwepxsarbono (C), gue o0
i sponi bilidade de | uz favorece a produtiyv

(7]

|l gas), com potencial de altera-«o no metahb
rregos d&B8umpbkbescseiebaant ,et204lF) (2011) demo

umento omnaidei ddunm, associado a maiores co

- 2 0O 9 A

avorecer o desenvolvimento de algas fil ar

5

vertebrados, acumulam rapidamente nos <c-r
A proje-«o0o ® de que mudan-od® acleidm&taimc aa:
resili°ncia e a complexidade bi-tica em c-r
i ntegridade ecol -g(&aaefidel d mpod Enatlkso
n-«o di sso, ® necess8rio ident iaf idcoasr as

bitats e que daverme cuegreersmaa e amrdmesci ment o

> 9 < @ oD

tender como as oscil a-»es clim8ticas, r e

d
f
h
e
hidrol -gicas, e a remo-«0 da vegetaa«o ripé§
e

mat ®r i a, poder«o mol dar as fun-»es desem
reflexo no funcionamento dos c-rregos de ca
Met odol 99t eapSdetc @rshoand re@eg°nio

O fluxo de energia e as reluam- 2e®sbi st iema

podem ser avaliados por mei o da metodol og
nitrddaryimaR 0Odt2gakt opos est8veis s«o0 vari a- »e
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°m uma massa at!'!mica diferente, mas n«o S
sados pelos seres Vivos ex, spem exe®mpleE,r i
m duas for@a€ es taSbvueni ds@nocss a tdoep bcaa®il lwaand @

ara estudar as vias fotossint®ticas nas pl

P ant;:6as o0@o ptorsisgue)mi mas Qque reagem mai s r a

1€, de modeaehluamiosiut os: a-YcarnéppreexemBPpsonp

C
C
e
f

a
e

c

c

S

ana eumildepgmmi nhSo ald&t cgqhue ® meh@des sel et
onsequemaiesmeingeedE( Martinel LDexda al agma@,008)
ntorses -t oposCe€t §eaippab®)pode sprmrasadderir
ont esecbammaimposi - «x0oi catbpepndmeadoaniemaids ® s
de suwWa mdidetsa,i s-topos maiem utteila sz aaloismeemt
gus8ti cas (o@i ftueernrteesstl.rPexstt, @anltud, i 11i9z28a8-)« o0 dos
st 8veis skkesmpaelednos um rastreador de font
onsumi dorascadei(ePreyg ki tBifcladt &bst, 2002)
Ascadailasneamasest emad Isutsitems ados por d
arbono: autdoctlminefsmu(saglogsase pl antas aqu§s8t.i

ubstrato) e aleratpden dsmiviecaud ebojddlagkaner aastr

Mur akami., RaG®Ek)s de is-top€) eskdvanmpl demer

utilizadas @abiaof@i simehemma $tlenaiseios| ay, 2001
Muitos pesquisadores t°m apontado a | mport
variabili dade hroood paareof eas decad@iiaasal pmeat
(Doi et al., 2007; Finlay et al., 1999; Hil
and Battin, 2007)

Emboimpart©ncia de ensendbd€Cddvediamel id
seja bem reconheci da, os fua®l odbe o f e det e
compl exos devido “s influ°ncias da heter of
espaciai spitattsrleccohanb ,deab@aci me @i ogt 8l ca 2
| shi kawaol abOd@9senvdimvewmoadr|l o hier 8rqui co
escal as mospgaa@ima&ioso s conpao bbeisof it€mafi sr am
contr pbfaadtosegs onai s, 0O gue sugere que a pro
de @@t er mit&am

Para o nifragifonaeasjdptp@oco gsayague®ci mento
empobreciinsenttoop od eprecssatdroa deeam estudo (produto

f

onte (,sdabdNMeafNoari a geraldmantadden2val 4tr



(Caut et al ., 2009;f Mcphbt tchaardaocette midzd &1 @00 0d3q
alimentar e a posi-«dq adyenammedr qadni, s MAd 1MLg e
and Ras musPsoernt,snitr9a,199a » e st TesiidNte-mp it @@ s dbes ani m

podem ireféi ma+r»es sobre o uso de habitats

rela-»es tr-ficas, tamarfBeamihoposete ase , e Ri0&
et al. , 2010)
Recentemente, estudos te@lat:dNtfi)zadlms as r

cidos dos consumi docés par & i(cBeepadehsogpmeea e sap
Q4)f or mal i zan d\b c dsooct odyfciNee ot soo nlee e.tPoa®m, 200
moe nci onkhaok onr et al (2011), o nicho isot
m o nicho tr-fico, por ®m ehesi mMm&®, dm& € MS &

mo uma apraoximoe- e r(mi te descrever e tra-é

o o o o N
> O O O O o

ave do nicho ecol  -gico de uma esp®cie ou
O delineamento dos esipsaaoctospabeéspitdetenos i s
& e as emegddlraspodsi - «x0o interespec2fica des

mei o para quantificar nichos tr-ficos em c

semelsksaot eas da®eta®cdmsarérleanctkesson ebBss aal . |, 2
ferramenta pode ser wutilizada para prever
competitiva dasldespmeisenosquecur sos al i ment

varia-«o UNeit&npoisca nddei v2duos de cada esp®ci

uma medida de amplitude de forrageamento, a
ocup(addaockson et al ., 2011; Layman et al ., 2

No =entant o, as cadei as ali mentares S«O0
ali mentares excede o0 n¥smero de marcadores

model o n«o gera valores exatos para as <coni

em vez ediescseo uonfia gama de pbagtmari £t cahtr ik

At ual ment e, model aonsf edreBanywiesdi wmma @@lriac amad i ar
i s-topoé6Kadbobgaees al ., 2,0 1c2a;r aRcatrenreilzlare tasali.
fontes ali ment ar ecsose dmos cwalsame sior sothbemi c «

contribui-»es das d{(tLtaeaymahestfahtes2@llPRjnent

Comi ptuito de investigar aspectos da est
di erteac,ur sos basais e n2veis tr - feixciosst eenx palso r
m®t ri cas (dlea ylmpaynmaentdeali vada®odps viaCeres i s«



WNdos consumi do,ads p tdédslaaysn®eat v | @ta s a lea degss2 0 am
par dalbrorddagem Bayesi ana f(oJraacnk sdoenn centi naald. a,s :2 0
i Ampl i tt&e (B Er amgreepresenta a diversidad
i Ampl i delde (Nf*NRandyeéescreve o comprimento
i iDi st ©nci a m®di a fiMeoa nc edhitsrtoa niged | ($GoBO T @ind r C
Euclidiana m®di a de maa cdcaednet nmmpodidakend tag gdia a do
nicho da comunidade (r eloecipanadree nt odiewndIr i C
na 8reacasot -

i vDi st ©nci a m®di a dos vi zi iiNheoasn nmd asr esrt -

5

ei ghboro: dliistt@maciea eucl i di ana m®di a de <cad

r-ximo odi pdP@No i mdecnsi dagleugament o de es

©

dentr ourndiad a&den

vDesvi o padr«o da dist©nci a -f@Sot awmidairmh o
dsvi ation of neara@:sntedeeiaghumarf odims tdamee do e
grupos no espa-0 biplot.

Tanto o MNND quardtoosmadmEDNND undiOocea tr -

eduziMMNMNMD deéinainor redund®©ncia tr--fica, ou

-~

rupos com ecol ogvasor esf rSeldNNgES g msufrdas & s
i stribui-«o0o mais wuniforme das esp®ui es, !

o O «

ef sgrepos ®mecobmgias tr-.ficas semel hantes
Vi Yy e@ t dtfifaoltaa(@B@A nf oar nfBar ea que engl oba tod

no espmd@E- BN, commedmda da quantidade tot al
ocupado e, aparotxaprdacg« au maxt ens«o total da di
de uma teia alimentar.
2 Objetivos e Estrutura

O objetivo do presente estudo foi verifi
da comuni dade de macroinvertebrados s«o inf

em c-rregos de nooa bBercaesiirl &P &elact raeasttnadiearr aens s e o0
reali zados o0s seguintes estudos:

No cap?2tulo 1 investigamolst osatpratncn @ ad &
comuni dade de macroinvertebr ados efnsict-o rdeag «

mudan-as (€asxahvachss s ama)r egi me nhi krsala:l i cde
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rohé&abi gatHa pdaddeti zId massstqdtex ocawwmant a a
ort ©mdaiod sdecanbé s opblruEpaeamahnhdo peguemnmoa l
a f | exi bel Icioda daed acpotcap-opredstmasmmaeb i hildade; (

esta-«0 seca, a Ccontdriasietros éneerifidha ol 8 8 b 8V €
pnalor exempl o, maiaomsbnah ox ac ofrl peaxriabli | i dade
pea- de mobilidade sel @waldjimsa® nce raa pa | fhleu x

ne a ipiadgev enti c rpoahedalm imuant dreadce odenvertebrados b
pr esentud nueemaagba &l nitedoa dae c ap a @i Waidnep dlee irtead en
c-rcegdiemes .de alto fluxo

Esse estudo f oi cpopédd adzaadloos peom gneator ad ac - r |
Distrito Federal, durante tr °salblcraimMp)anehas

S campanhas nagesta)«ohb®.aabdridaerh Ramostr

ertebrados e caracter2sticas hidr8ulica
fundi dade e vél2dccdatdeabdAeanilux®e @&ms dad
nci pal ment e trdaa tma bilemesdeor daboast ks dr 8ul i c o,

resentado pelne smclanmaearcad edhea bt @aude,

LEReito do pico de vaz«o (dist¥%rbio de f

rego Capetinga, umodbsorameBrgosndeteabst

No cap2?tulo 2, com o objetivo de avaliar
endeorsgiraecur sos basais para a comunidade
QAQur beatsamop -t eses de qgsuec amuadcatne ra?ss tsiazaa a
uzem i) a diversidade de recurseosa basai



compl eddxadadcdaei a ali mentar na esta-«0 chuvc
I sot - picas de carbono e misbr(ofgffdsmen des r
serapil heira), consumi dores e predadores f
mesmo arranjo experimental utilizado no ca

i sot dpiscosaeveot ebrados foram compaea@adas ent

Serapilheira  Biofilme Seston

Seca
Fluxo Baixo »
e Estavel

+

Chuva
Fluxo Alto = .
e Instavel _ly

Figar Al tera-«o esperada dos recursos basais

florestais em resposta © varia-«o0o do regi me

No cap?2tul o 3, av abdoanm s s theagnto)gbne u £ ak or e s
nutrientepfatmamensebia atividade fotossint

sot dmi ccoanob omioo(Fi b B)e a N ecsasseo , o trabal ho ex
proposto por Sturt et al. (2011) , com foco
eletrificadas heebéhos ©6) e n«o el etrifica

mpl ememt 8¢ eas abertas e sombreadas em que
oligotr -ficos e dois enriquecidos em nutri e
nas estruturas n«o eletrificadas, o biofiln
e neorefficadas) ap-s 15 di as ddoe icso Itoonpioz ae-s« ¢t
car bonmdaita seca | i vr e adse ccomczeanstl|rfaid>zddd adee

bi ofil me tamb®m |Ifaobroarma ta-nrailo.s a@saesa@ednt pil @c 8s €

deevri s«o para publica-«0 na revista Freshwa



Raspadores

Top-Down / &4 .
Biofilme
Producéo Primaria

T Bottom-Up T

Luz Nutrientes

Invertebrados}

Fi g8r aFat aroevsn teoypo tatsesmci ados ao desenvol vir

c-rregos de cabeceira florestais.

3 Resultados e Discussao Geral

Nocap?2tuidenitificamos t reat eelsist o @lriacd e
significativamente ,su@crmrnfiormrmaeb & sd tam p«@io a-hwov
nYamer o de Froude entr e 0slOaectmulI»e sd g W er @Bprit
no | ectorfdmiegni fi cati vamente (rBe8n 2P0 mh. mst a -
Nem rel a-«o0 017 sN5a0mJo. esdcnave@lsameanhada ao n!
de Fr(orud27, PO, On imndb2& ndeost qleiscksre§ ul i co
i ntensi fi cadomicnoum aa cchaupvaaci dade de reten-«o
c-rregos. dAh@®smefdorstsows deombas ®daave@giCatr ega r
(rai z, tron@o sera@rdpmielirea mac)o se correlaci c
2ndice dadeothenimacrma neetra ebodidiosvdcsste ment e
tronpncgeae apresentaram correla-«o0o positiva
A presen-a udne etlreanmecnds @ st rutur al chave em
aumenta a eodmprlrexgqaddversidade de habitats
mui t as (eFsapu®ctiiensim and Jones, 2003; Reid et a

Omodel o de s galpd-i«oaaivgt waedde redundOnci
vari 8veis diodeamtcirfoihmadu tatn¥%men ocde@afFr puedidct
traits da comehmiud Bhe usd aeot &- ©Oq 04 ; p = 0,0
correla-«o positiva com a diversidade de tr
de i mport®©ncia, 0SS inver bebersadosasppehd®&8m f or
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substratos dR%ajtuisptoa doa t=a cG«e0 B@j @ s=+ AW 00 @5 )=,
0030), Rfag2ume sa0d(o0 D29p = G PRmapist @8ibra £ 0.004
A RDA eaplrogomadamente 10% da varia-«o dos
5,21; p = 0,001) e apenas 0O primeiro e o0 se
N“mer o de oBseoiukdeer aem correl aci onados negeé
rimeiro ei xo dadRDba;i«cexpbDademdmnicé @%ao sub:
l ta flexibilidbhdetcada@roegcsolm rvaegnptaodsoamse s d or e s

egati cameei @aci onados com o primeiro eixo
Yomer o decdmoewessa« okesses traits indieemam adap
ondi -adddouck®

Os i It rcaod certeosr es aument ar amdea cihmpar 8 ®ne i a

Y
a
endobendaddmigarsreast atmaarnshaoi sd e ¢ o rfpoortaenmtb ®en 2 , 5
n
n
c

o

ep 2o0do de alt ode | matoeroi atlr aonrsgp@nritcdoo if i no n

—n

avorecido, podendo indicar o aument adadrmae s
pass(iGeosr gi an and AThanpp,r tIohx2)a de pequenos
f

|l exi bilidade corporal tamb®&m foi destacada
pot edocsi alndi v2duos édeohar &uemt eektsgiad . , 20
2004)0Os tracstasupadidusaem adaptlavxwo, escavad
epi bent dei a ma neh o cerpdral eemtOrmm foram po
correlacionados com o primeiro eixo, indica
e seixo.

A rela-«o0 entr e eass$ rhtardaieStusl iacdoa, p t Fesdeausd ea oe

-~

esubo audsoo de ref Yaqpi-x0 dcadafmose) xmaweetr e c e
abrigo mais adequado em(Thempdorepgoulams sets

Townsend et Aalsupei®99c) e coberta por seixo ¢

cC-rregos e anentfrei asl tesrtaad »es. Esse substr
habs tea resi st °ncica rrcecmgemper dadkadness, per mi
di f ereesnpt®csi es (Bo ®xwins td&#@wWi0Bg - di speaisbi |l i da
alimentar e prot(eGj«er Ilchbwnteata alr.e,d add®d FE;s Hoov

Townsend etSubst rattlBOsHYI neos suportam comun

di versidade e riqueza funcional guando con
c-rrlergosi(lMiglireoest .al ., 2016)

A ordena-«0 ao |l ongo do segundo ei xo da
tot al ajustada, foi determinada principal me
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com a serapilheira e o matac«®m., MO semtapntl d,e
apreseanroal a- «x0o negativa, enquanto o mat acc«
mai or opsarttrmeaicdo $ r e loasca gantaidv ament e ao segundo
gue traits n«o adappbad df daecoxad letubxndadpop®d ad or e
eg a ncahnodsiog am i nfl uenciados pela serapil heir

Apesar de apresentar alta correla-«0 cor
se mostrou correlacionado ao matac«o. Esse

com a rxiognutemziac a& ae r e pr esbeenittoou droesn ocs- rdree gbd¥s .

sob condi-»es de fluxomahasgdsdermnh eaxap@rstar gani
a condi - »(eBr nsaenveamds Er man, 1984 ;t oRoosfain dand
vul ner8veis " preda-«o0 e aos distYrbios de

§gua e ota tiemaklmament o) .

Seguindo nossa ntoedrecl eoi rdae hsiepd et ne«spefed coowa r d
serapilheira foi 0 principal preditor den
macroinvertebrados bRRatfési ads + alse@ud-dgo=-:s86
pel o n¥mer cR?adjeu sRracdwd e= (0e 06s prlastORDIOAY (
aj ust B¢ PO ¥) 0 Rfag2uzsets@ONT ; OR 89 r @@®®@g ust ado
= 0.0063.7pA -RMA explicou aparoxiamzdacest dalld
n«o ajustada; F = 12, 77; p = 0,001) e ape

significativos.

A serapil heira foi correlacionada positi
explica 70% dessa vari a-«o. i A paonaii toirv ame chd
correlacionada ao primeiro fdiuexso P Nelke etseé @ - «
f avortercaidtcos sens2veis (ou seja, indiv2duos |
i nfl uenciados,pedm sea ala neapne ecadliaal o meganchos
andlragmentddexesi |l i dade corpor al menor que

e 20 mm.

Os predadores foram influenciados pel a
apresentando maior i mport©nque Da esvaertebe
predadores est«o diretamente relacionados &
i ntera-»es bi -ticas cComo a preda-«o poden
i nstabi |l i dlaDdued gaenmobni ,eenitPadi8 ht os de | ongo prazo

exclus«o do ac%¥mud - or rdeegosse t i lehme idriad eemn- as
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nas abundOnci adedei ehyweradabonaedss quando cor
cC-rrcegorse f(ewal n caicee , 1997)

Na esta-«0 seca, a ordena-«0 ao |l ongo do
varia-«o total ajustada e foerodede,r mMrnadaea
correlacionado posiOsvamante com asite °BCKXa
Ssubs,ta@antve nt s as o |l-feitlotrressdor es tamb®&m f or am
positivamente aoensgdegumdd aeem@aardm sde Froude.

Ocashcoml o substrato fino (areia, silte e
negativa com a riquezmaaceceat adiowvespedadeamant
sei X0 apresentou cerqruelta-daetdrigliatdset m ¥,a e £toan- <«
i ndicando gum e taubstrat o, enesgareslseas:
hidr uddem,restringir a dist{iStkhtizheo &admac
1986)

Diversdaeladaebstrato, nka@i zape e sceanstcaarl ahno c ©

significativa com nenhuma m®tricd r rmupc?rmrsdi ce
embora tpehaesald®B)m r el ao-ustersosaotsi pos de sub
significativamente maiorl aa«xespaskbi gacaom
e diversidade taxon!fli®a @¢e fcamepdeexardaaltea -ds
canal e a di ve(rFsaudsatdien id ea nhda bJi ot naet ss, e s2s0e0 3 ; S
Ssubspodée oi ncr e me ndtea rr eat echa-p«aoc iddea dreat ®r i a or gC
do (rTieoj eda, 2018)

Em compara-«o0o com a chuva, a esta-«o0 sec
taxontmica e rigueza funcaomaaumubbh®m do do
Conf oRDA de ambas as esemonmssyroapampapt ODhe
trai temuwmi dade de pnvechgbhkemdas's emasr?ivae-i «so
sazonal Allo®nf | dlindsacs, as m®t ri casdafdet¥madi ces

corr elosasciigomiahde nocacem vaa s er atpi pbkebdbrandegeeequi |

de tmmaaidst aNosasseoc,ca 0 ac¥%mul o de serapil hei
est 8velcomoddecadtoensradd®ensr estpeEfeddrc exempl o, nen
adapta-«o ao alto fl uxo, predador es, t a mq
equitabilidade de traits

Conambs nestgqueayméit ol de saelr@mpidobeprasen- :
troncorseprpeogeeretcacrr i aah a ¢ o mu oii dvaedret edber andaocs
enc - r rregotsaiop i fcl( Brapsti st et al ., 2Dduma Brude
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et al .Nos20O@®®Wosavana neotropicai s, aa entra
partir da vegeodmtxouai PSemapenmupnass qaaatr e
durante a transi-«o0o da(Bamlai- «et.saltas,ipri04d7
hi pot etuiezamaoetegn- «o de ser apialhteeisraz|xdoeap e n d €
no regi me (hSpderackle-rgieto al . , &4 nefdjee deas,t u
represaermtaada r do nwWwmemouniae it dha dl@eSxd | c o
cadacrohabitat.

Nocap2t,udenti &add eraanmpisbmei pa i nci pal recur s
petamuniednadenbas as esta-»es. dNeor aepnftbahnetior,a a
significativamente menorp<na, €9Dt)a -e«Cm radhouUsMad ssa
ali menssaoweas e(dbiofil me) tamb®m foram reduzi
Obser vamos redu-«@mpbigondéi detd€viaad Pl e da
comunindaaéd®esd chuwagarindo menor di versidad
assimilados.

Embora a entrada mensal de serapil heira
Cerrado seja cont2nua e em pequenas quantid
as esta-»es seca e chuvosa (Bamahntedosal nos:

c-rregos foram menores na estmm-i@wocochunmosa,

de picos de vaz«o. No entanto, a serapilhei
alimentar estrat®gico para a aompndiekada de,der e
da cadeia alimentar na esta-«o0 chuvosa.
Dentbise ti pos de materi al al,- cotsonkea naccousmud
ser ap,slehreaiprifai meai, r ar a® mreegpsr e sent am 53 %, 3 6 %,
respectivament e, na esktaao0 06 hsunvacaspgy.4 hiar a
serapfl haij rtaradmoegsy esent am 72 %, 19 %, 2% e 8
Al ®m de menores propor-»es de serapilheria
raz@oN da serapilheira nédaomesdaf«oulchadesd

assi milém-r«eocur spehédi meotar A entcradegdes ser
esta-«0 chuvosa ® prfoolafivesossecantdeo , c gpm@ o satna op
fra-«o menos¢ Pmi pe.c,al2e0zlazd)h

Comparsaendoos recursos al i sesnstiagactb@fe ana est
WNdo séseteamr i guwexichanpar bi edi hme= (4OpwBs3k al X
000Qé&é)a serapilheira n«o diferisesitomif iNaat
esta-«0 chuvadadLentaeaosi metcwrraos ali mentare
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di ferente (&KB8uskal OXQQ@dEpbn® wal ores mais dep
serapil hapetsae s tederigod idl me . Na compara-«o0o entr
as assdanaseairraapddoth ©oif it&E meo di per ®masm,st on f oi
significativamente enriquecDdgo &0 A0%Ek)st aA«o
compar a- «o d@Nab sethasardeue suinalsebneasi woa ldadit N
nNeesnane scthau-viol a= 9980 Q p)Pabrieofd | meS5pW== 596
07043a)seeapil heiSrpa A MB5) 727 aBNhweatdir Asridean
entre as esta-»es.

As concdretlroar-a»feesitasn e no biofil me foram
mai ores na est a- «o00 its eecsat ae-x oCc ocnippuaer ogPb«ko( W = 2
wW A76 @O0XK; Orespect iakbbhndieher ipore®mt re as

para ambos. oGonrceecnutrrsao-sae nodesestonofiplra nci g

esta- «opodeioraddiaca presen-a de mi crorgani smo
Provavel mente, 0 sestdeptfreisaddamapdiescdsompm&di AP
de mat ®r iad - @1t gwaes ctaa mb ®m, por organi smos mi
(di atom8ceas) e heterotr-ficos (flagel ados,
a qualidade nutricional . E®s & mrass ulatza»deoss pCo d
e i sot-picas entr,e erskce uaims asrivganda& rapth hair
raz«o C:elt paremoambas as esta-»es.

Apal at alliolesisdoand @ peard eteildaoo «x0o com 0 mai or |
i nvertebrado#slydobesgrbes daemoOdont oceri dae ¢
ChironddHmwiurveeg. poratftamtid,ademaomum dos t8xons
i ndicando a i mport©ncia desst@rsa@awvrsaodebl a
fitadcoorleest ores em ecossi stefm®al mept edvpiadai, s
Tomanova e.tParadTi pubkDAEéEeg, Ghyidrr ompemicebd ad ae o]
contribuiu significativamente na esta-«0 ¢ch
Esse recurso contribuiu para a,comdtuwo do Si
bi ofdd meodo semel hant e

A 8r ea (fissoat-oppopd @ssp aki mul i i dae f oi mai or
rela-«o ° esta-«o0 chuvosa, provavel mente de
f i namiecrdeer gani smosac ¢ plt ddesuts oMa |- dfii caonsd Tr aunsy
2017)Al ®m do h 8gkei tfoi ¢d lciatlesBitoaw,l iosdae s«o r as
(Ram2r ez ardnGuetcilaQrer8eB8za4 car acter2stica pode
de nitdehosacorrel a-«o0 posita vma¥neenrta ed ee sisresu d
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Ssubstrat,o igmdiscseen dqonea danpd 2 - Siemue | aldiament ar e
do biofil me.

Na esta- «ococntuviedsuavdagdas est on como al i men
Hydr opsyohmirdder ah 8boimt os eaul i me Ml ®m dolsestogr h
correla-«o0 positidwedy dernotprseycé& i d @dies ieH vBod el gme r

provavel mente em fun-«0 de suasnacar aecteelrt?a

flexibiladpdqueogaobpantem resist®°ncia sob al
do seston. Na esta-«o0 seca, 0s Hydropsychi
recurso alci-mecmosavionast mieod bl amdisar vas d
Hydropsychi dae em seus est8gios iniciais se
em suano eemtant o, em seuptdemmpmeguttdoiso d
i nvertebrados aqus8ticos e fragmenanoc de p

gener §dlCios tBeesnt @ s et Aksjmpaoa8)i feren-a na
i ndi vidual de Hydropsychidae entre as est:
mai onrae se st a-geuoe sneac ae sdtoa - « ocomum@Bis@ra CsoOtoporc
e 0o predom2znio da sfeamtpe | cheirmeac cromm rmpa i excti P
Na esta-«o chuvosa, Odontoceri dae apr e:
serapi |l hseejur a nc o mal recurso ali ment ao . Por ¢
nYamer o de tkerocudea mos que e sdsekess |i opobadedeshis0S p C
denenfoor -a de cisal hament o na seesrtaapp @ dheeonhau v 0 s
ter adiodkcamdos. Desta for ma, podem ter utiliz
recurso estrat®gico e aceséporm emempelcor sees
esta-«0 seca, em fun-«o0o do fluxo da 8gua
sedi ment o ar en(oGeol idhas Re-ydrhdggessseotn arle.p,r esent
principal fonte ali mentar dos Odontoceri dae
O biofil me, apesar da ehewadamep@®aNkcentr a-
entre oS demai s recur sos alriendeungticadrae s a ap

comuni #aideconsi derado i mportante para Dipte
esta-«0 seca, nNo ent antcd,ar saumaloesesnotchrai b\Wai |-e« 0
ressaltar que o0os Tipulidae e o0os Chironomi ne

detN. Muito possivel mente porque essas duas
habitam e se alimenta da mat®ria o®gwWmica d

material maiesr mipeetdaldi zado
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Psephenide ti W&rsang fv aladrn esa meceotnep ad eploet a
com todos o0os outros, iinMddiveamnude adaccmosnwumo daa
met anotr - ficos e/ ou gui mi oautotr-ficos. E <
significativam&rfded)reendu zildhoxode s f Ontes fo
arbono derivado de metandeparegesepbr amen
abitatsquaen -pxadeom ,0cor eemoems r @ih@hz®Wsetasal
0Q4)No entant o, n«adioderetm fpiodamocs ad m ep rmead S

eri facadeisae al i ment ar ®parcc i aslanpe epnetlaa tar o p i

o < N T O

arbono

Em s?2 masesne®NND@EVaesan nearest meii gh Oorci di s
clidiana m®dia do vigropo) mea ({3 xphNixidmo
viation of neadkesdvinei mahdbrowo ddst ENDE da

o

vertebrados i ndicaram redund®©ncia tr- -fic

umpma posi -»es tr-ficas menos distintas. N a

o O oS o <

muni dade foi duas vezes maior em rela-«o
massa seca de pr edédeogrueisv av eernst ues, mgioconrs ulmi 3d
64mg4d e 1, g/( 11694Q4 ,.0ba est adeecahuvwesgpeectiva
Com base nesses dados, sugerimos que as

o 9 O O

predadores n«o foram afetadas significati vaea
do menor i NgrdWiRON Ramogaemp | i t tdee ndtor e o0's
consumi ket as «v,guleusugeacde iuamaeaticmormpact a e
menos diversificada, a probabielm draedlea -deo dai
esta- «o® dreAisxeatiaf er e dtosmentre egd WNatl ¢ mpger &ad o | |
201235)o0 ac¥mul o de serapil heira® @aml oenciegds
principal mente pel acom@mr i endgrexdsusn-z«oon .asl e cduon df 8 ru
Noc apl2d,u3evi denci amos botpgapmredt rdioesn tfeast og els
tobowihnvert phsadpadolriemi)t amd e para o deser

bi ofil me algal em c-r r(e8gdo Nitfled)m aeb eemeaii rqgau eccliid
em nutr i58nHNes8 “AMmassa seca | iviiasfdree cdrnyz as
massduplicou nos @-nr rneugtorsi eert reisq uee cfialio smai o |
sombreamento. Al ®&m di sso, houve uma correl e

o AFDM e @a dlnor=of48,a r N2 vOe,i2s7 ,d ep d=oaOand 6 ) .a
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Capitulo 1 - Effects of seasonal flow disturbances onrtdationship between

macroinvertebrate community and microhabitat in neotropical savanna streams
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Abstract

1.Thient erbaecttweoenn wag b sdfal@twkeatnedr mi ne t he | mpa
flow disturba@momomens niotni evsotmdcas st ed t he resry
macr oi nveo mmalbmtiadt ieeat ur al fl ow disturbances
(Cerrado) streams undersitthe amiecrgelod migti &tal s ¢
the Central Pl ateau of Brazi/l

2The stodyrwaed out in four pristincetesdt reams

during periods of high and unstable flow (\

season) in 2017. The accumul ated rainfaldl
collected a total of 4534 macroinveerdt ebr at e
associated hydraulic and substrates charac
evaluat ed: boul der , cobbl e, gravel, fine s
|l eaf |l itter, Froude Number and substrate di
3. In thetlwet Fseaden 0 Number, which indicat
mi crohabitat, and cobble substratel @maadntcr u

functi omialh tsrpaeictisfi ¢ adapowtcomstmei polyi kief)
the propelnift oemr ocoveri sgrelado briddlacdowke dt e
negative cdroaldet (NwGmbFF th. 001, Thre Zmed228)cs an
indices of the macroinvertebrate coimmunity
t hdry season

4. The mpact of seasonal flow variation on th
macroinvertebrate assembl ages I n Neotropi
i nt erlhecttweoeavmattemardfd owhe typestut &t el ing the r
t emplnetelp¢ &t he dry season, the stablteo fl ow ¢
turbul entwafsl ogMse aan tyy ilndd fuelnicte tDeurr & d cnudniunl gast
demonstrate thabhNeetrnepnaebhl chamgerreas act as

tr aits of bent hic macroinvertebrates communi

KeywoHdbitat tempglret EeRsmoantail on al
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1. Il ntroducti on

Ecol ogi cal responses provided by t he [
evolutionaryofhdfuestmeonal traits to a templ

to the Habitat Templ et concept (Sout hwood

predictability of tthesemvece ohmeget alanda rcioank
characteristics that define the templ et of
i nfl uence of bi otic i nteractions ( Greens|
"selective forces," Bganiasms' |whadse apeaiftidt
adjusted to their spatial or tempor al vari

habivtaati adband i tavor the characterizati on of
abundance and diversitghe aod theai tev aill maéc o
and functioning.

I n the tempor al scal e, the periodicity
component of global ecosystems. Tonkin et a
o f events in sheciyfiac) pamidoddps edfi ctabl e (hi
hydrol ogi cal regi me as the preponderant s e
i nvertebrates. Seasonal climate regions st
(Tonkin et al .ey Z2@¥0), thhec awseexitsh ence of d
certain period of time, each in its opti mal

for long period of time (Hutchinson, 1961).

Neotropical streams have a ptrhoen odurnyc eadn ds
wedeasons (Flecker and Feifarek, 1994), wit
in the dry season (Yokoyama et al ., 2012),
more | eaf i tter i n this pemnisodwiBlaptoaetan
standing crop litter, |l i ke the riparian f ol
al ., 2017) , the | eaf i tter accumul ati on
variability of the seasonaletfehow®snorn Spget&e
1984) .

Studies suggest t hat predatory i nverteb
accumul ation within the stream and thus, b

suppressed during peri 6dbsdgktoaenviieédmenPahr
suggested that swetemdtowsmayeoadassent hdedecl

of many i nvertebrates, reducing t he I mpor
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structuring forces in ttheibnopthalisatreameft

favors the transport of fine organic mater.]

the increased relative abundance of passiyv
Wal | ace and Merrittatilwe8 O0Oaburmdantclkee oHi gdr ¢
(Pastuchova et al ., 2010).

The presence of a variety of refuges i
resilience of macr oinvertebrate communi ti e

1997). Withoutflsaww hdiretf wgkeanc és gihn str eams |

and abrasion by suspended sedi ments, causin
Feifarek, 1994, Townsend et al ., 1997). E
macroinvertebrategs hiidgw s leeletners dvinreir re t he
Ephemeroptera and Trichoptera had a small m
as the flow increased (Holomuzki and Biggs,

Reduced body size is favored in adverse
| ®ame can penetrate substrates of | ow poros

refugia against current di spl acement ( Towr

hydrol ogi cal unpredictability has been shc
reisence (e.g., smaller body size, high mobi
(e.g., tarsal and anal cl aws, aerodynamic :;
( Townsend and Hil dr ew, 1994; Townsend et al

|l nt eracti onf Iboeww waenedn swiabtsetrr at e can det er mi
flow disturbances on | otic communities (Pea
Scarsbrook, 1997) . The wunderstanding of t
devel opment Ilolfowmoprée di ¢thiamg acommunity dynam
di sturbances (Lytle and Poff, 2004). This e

whose templet is defined by the combinati on
and depboax(Medi Dol edec, 2004; Poff, 1997; S
Lamouroux et al . (2004) demonstrated t h:

number and substrate size) simultaneously i

organisms (ecg. andr &gragsingt atrategies). Th
the selection of ecological strategies that
War d, 1990) . I n Brazilian forest streams, a

har bori nmearteebr atneor eondmurmsiitmg | ar than those
mi crohabitat at(dGos$ferentd BMéream268608%Es
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General ly, the seasonal patterns in Ne

uantified and are wsxtala@applhatednfsro@i vamds ¢
| i mate change, the understanding of seasao
riagils a critical factor for basic scien
1The goal of this sthdy pwamary icmfalruiaen @

~—+

ructuring macroinvertebrate community <ch

~—+

reaanssi dering the microhabitat scale duri

asiomst abl e fl owst almlde dfrlyows®)a.somer e we i de

c o

nctional traits, at the community | evel,

-~ =+ n nu un N < O o
o o

ow changes

We hypothesize (1) in the wet season sel
body si ze, high body flexibility, |l ow profi
flow constraints; (1'1) i n nt hfeavdorrys sseeanssoint,i v
e.g., larger body size, |l ow body flexibilit
/| or mobility; (rr1r) leaf |litter as the ma

macroinvertebratestfbawartdbweveduycaedebygt san

2. Materi al e Met hods

2.1 Study area

The study was carried out in four stream
Feder al District, Brazil. The Tortimaho and
National Park (15A38' 17. 6 9"a8e a d4o8 AsOn d2 0C eBR€" tW)
streams are placed in the Environmart al Pro
Veado (15A53'23.94"S, 47A50'36.68"W) (Figur
fam nearby streams are relatively | ow when
areas in Brazil or temperate zone (Fonseca
wat er sheds S nat ur al vegetation, wi t h un
phsyy ognomy is evergreen, barely exhibiting I
bet ween 20 and 30 meters, and the position
95% (Ri beiro and Walter, 2001).

Cli mat ewdtsr ofow c(@ | , accolras sigf itccatKompen n
strong seaswegalaistoym, fwiotmh Ozt ober to April C |
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annual precipitation (mean temperature ar o
September when precipitatinmm (rneenagne st efnrpoem az
around 18 AC). According to Instituto Bras?
District precipitation varies between 1,200
between 18UC and 22UC. The ppaowmuraatedd riai0n
with about 51% of this volume distributed b
the rest (49%) between October and December

The geol ogy of the four watersheds i s si

wit h-sahdyr rmheyttah mi ¢ and quartziTReunoilss ( Cfa mt

study ar e@xiasel shaamdgyrding to the US soil ¢
temperature, which/ACvbhbriewdebet teersesand 4i |
al waylke imartly morni ng, t he most water gual
oscill ate between seasons (Table 1). Other
1.

2.2 Field sampling

Samples were collectedApwuirli ng ad @mgweaét ghe
and unstable fl ows, afAfdigdsiti)ng sthhioevi dgy | s eve
stable fl ows, in 2017. Three sampling campae
the four streams totaling 24 coveelll elcctm)o ndsat e
were monitored at Capetinga stream equipped
UnB, nU 60478482) (Figure 2). These data
HI DROWEB pl atform maintained by the Brazil
Agd neNasec i de&€agluas, 2017) .

I n each stream (me4erwastselaenctsedta obh0@n

sampling points. Each samepltéengsgpoané whsbeod
divided into four rows orthogonal to flow c
of the stream, yielding 12 microhabitats (
(Il abelled from 1 to 11) (Figure 3). At each
weeks between the sampling campaigns. Thu:
sampling campaign the microhabitats sampl e
campaign two microhabitats per sampling poi
totaling 22 microhabitats per stream in ea
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seaqnan cansidering the four streams we ended
the microhabitat area equal to 0.09 mj ( Sui
bed was sampled per season
Macroinvertebrates were calm dct3ed cwi,t hl 0:
em mesh(Asex,e)lAi gurwepad)ated the macroinvert
using forceps and a sieveemwimelsha i i amet drn e
Surber sample, w&0spgame aempavalt agei faibadat i on
the macroinvertebrates (totaling approxi mat
shown that at the family |l evel, the separat

the field does not biampdraxoammiac trhe haaemEl

using the "D" net sampling and a separati
| aboratory (Stein et al ., 2008) . I n the | al
at20AC before being chanteaendi lajnwdl éevelnt usi ed
identification keys (Hamada et al ., 2014;

community metrics, i ncluding, density (1in

ri chness, ditveirrsddayy) (Bndpswmaerrss (Pi el

The characterization of the substrate we

(30 cm x 30 cm) wusing a waterproof camer a
anal yzed ®jttoh cllmeasgseiJf y substrate aceoyding
organic and inorganic) (Figure 3). I n 1 mage
knownbeSu area (0.09m|). The resul't of t he
substrate surface area of t2h)e. shubbesrtartiactse W eyrpe
classified as boulder, cobble, gravel, fine
and |l eaf litter.

Il n addition, at each microhabitat, we me
fl ow vell)ciamnwd (frars eaahe ds gmip | e ivees orfle)aesdu 0 X y ©
el ectrical(8celmducttuirvbiitdyi ty (NTU) and temper
mi crohabitat variables were evaluated: boul
silt and gl ay) ,Frroouodte, Nwonobde,r laenadf sluibtstterrat e ¢

di versity was meaWaawdr tdirwargsi tSyh ainmdberx usi |
and the Froude number was calculated, as an
i n each miarmoihdadriitrmg ,t he depth (D) and wat e

Fr=v/ (g*D)0.5, where g is gravitational acc
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2.3 Community traits

We coll ected available trait information
(Hamada et aland 29dnrt;oReyh@lgza; Tomanova et
families Corduliidae, Culicidae Dytiscidae,

Il nsect traits database of North American a
Tachet et asl .c,as2002)h.e Itnmr atiti scores were cCoOl
sampled by averaging the trait scores of ge
the same family. We ended up with informat.i
body filtgxi bioldy shape, specific adaptation
attachment to the substrate) described by 3
characteristics and flow changes (Table 2).

The affinity of eaxhwdamididiye fwsi ng atthe c
(Chevenet et al. 1994). Affinity scores var
moderately strong and 3 for the strong affi

we cal cul ated )t r awvihti crhi anterassugs e(sFRihe gener al

taxa in the community (Vill ®ger et al ., 20
diversity with the functional dispersion ir
species iitn splaeetmd the centroid of al | S|
abundances (Lalibert® et al., 2015).
2.4 Statistical anal ysis

For data anal ysi s, nor mal i W | maesd8 teval u

Comparisons between dry and wet season r el :
metrics and indexes were perWhoirtmaedysulbs i nfgp t |
exami nengteilpds ibet ween community metrics and
t he-pracrametric Spearman rank correlation for
correlation was also used to assess the rel
covetrhei nstream bed.

To getbywamplaed matri x, we multiply the f

by the relative abundance of taxa. We t hen
selected in the macroinvert ebrFartoeu dceo n\nuumbietry
substrate diversity, boul der, cobbl e, gr ave
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Analysis (RDA) in dry and wet season separ e
stepwise regression (forwarmd bsaededtamnt)he Th
adj uRFaed | owest Al C.

Onl vy statistically-valgaea<0.iCamantaf tvamr i a9boIl¢

permut ati onR*Oamdwiefryer trieattai ned in final mo d
d or wadri ah. stenle packfor pcar ci kbaegde bfyo rBlRy)n,c haes cad
Variance inflation factors (VI F) were asse
mul ticollineariGyvheitabéprst hEomoROA, t he s
were | og transfor med, rulsa nrgandoognf 1prexr) mu tTehtei
random permutations) with Bonferroni <correc

of the redundancy analysi s.
3. Results
The Froude Number was significantly higl

dry seasdAh) (FThgarleeaf | itter was significan

4G), showing a negative corGO0.e2-adlipen wi @.h0Q@h

n = 528). In addition, in the wet season, t
inde x of t he macroinvertebrate community
macroinvertebrates (3332 in the dry season
families.

Density, trait and taxonomic richness
communi sygwefecantly | ower in the wet seaso
5 -B; G) . Dry season showed a | ower taxon

macroinvertebrate community cFo)mpaTrheed Iteoa ft hle

surface arewaewasr melgated to the taxonomic

proportion of |l itter covering the stream b
correlated with all/l macroinvertebrate metr.i
4) .

Sur fcaocveer ed by cobbl e, boul der and grave

stream bed and did not change between seas
although it was | ow (<2 %) compared to othe

t he dr yT hsee apsroensence of wood along the stre
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correlation with the richness and taxonomi
the diversity of trait in the wet season.

The boul der and fine surbstthreatcder iseasorsa
a negative correlation with richness and ta
a positive correlation with the trait even
showed a positive correlianibotwi $bdasbesdane
a positive correlation with the macroinvert
substrate diversity, root and gravel showec
i ndex of the macr oFonrv egrtaevbela,t er ccootmmaumd tsyu b s
was no significant correlation with the me
community.

A forward selection model applied to t
mi crohabitat var iNabribeesr iadse ntthief ibeeds tF rporueddei c t
season Radjoutaédie = 0.001) foll Rwi ©g 0RRy Dbo
pval ue = 0. 005)R2= cOo bOlleu @( a=d jOu Dt3e®)=, Or. Daolt; ( a
pval ue = 0.029) &RA=d 0 .e6adfl, ule t=t er. 0(0add)j.u sAtldd o f
selected had a VIF below 2. The RDA expl ain
(13% not adj) wsatl arce; =F =05 .02011;) pasnedc ordl ya xti l'se wfei
significant (Figure 6).

The Froude Number and cobble substrate
axis of the RDA that explains 60% of this
substrate (attach).,48) ghdolbldeafetrss i ICIFD) i, t g c(
col |l gatt hregs ers (CG), suckers (Suc), endobent
with body size between 2.5 and 10 mm are al
i ndicating dfheFrreed cad i dunmsbhearp and cobbl e subs
(sws) , no flow adaptation (NA), epi bent hic
40mm were positively correlated with the f
with Froudeobbmkeesubdsdrate.

Ordination along the second RDA, t hat €
variation, was mainly determined by substra
were the most correlated to thkis,akhse.| elaftve
had a negative correlation whereas boul der

part of the traits are negative correlated
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to no flow adaptatiorf|@EXA)b, I prtegdat drosA ((FR)e,

bet ween 10 and 40mm and anal hooks (AH) wer

Il n the dry season, a forward selection
predict oRR=( ®#dj0B83tueed = 0. 001pudeéoNLmweng (hdj &
RZ= 0.0&8tue = 0.001R%= r.#\8Be lue( &d jOu Dt0eld , r oo
RZ= 0. 06v0a7l;uep = 0.028) RA=: dO .wav@adl;uEm &j Ws t0e8Bd7 ) .

these variables selected hdadapar\WixA madledw 3l
the data variation (2@%ueot adposddedndFoah?2
second axis were significant (Figure 7).
Leaf | itter was positive correlated with
of this hwearmast oaf The traits are al so pos
Predators (PR), anall hooks (AH), shredder s
body size between 10 and 20mm were the trai
seasoonr,ditrhaet i on al ong the second RDA expl air
and was mainly determined by Froude Number
Temporary attached to substrdtieétEeatraschhf)CF)s

ad so positive correlated to the second axi s

4 . Di scussi on

Foll owing our first hypothesis, i n the v

with specific adaptation andrmobili tay tacheé

Ssubstrate, suckers and <climbers) and smal
Foll owing our second hypothesi s, in the dr
sensitive traits (i .e., | aiygemwhi mdhi miodda alo$
species were influenced by |l eaf |itter. Las

was the main microhabitat variable predicto
season where showedhoami bi gimelr fdercsii op,alt ax c
the wetAdseagommatlhley | eaf litter was signific
compared to thevdrgkbgadonhoantde Froude Numl
i n the wet seasoar dreetremtsieon heapdeaift yl ibdca
seasonal f 1l ow.

The association between Froude Number, (

wet season could be related to refuges use
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a Imoweshaedlegemattehdan fine substrates

et al ., 1997) . The cobble substra

in the dry season indicating that
s rttheebr ma er adiimtea i buti on (Statzner 4
e was the predominant substrate typ
which means to a heterogeneous sur
ctescbobofeosexresistance to the commu
nces (Brown, 2003).

resistance can be caused by the hi

tial spaces which, in turrref upgressmot e
et al ., 200 3; Hoover and Acker ma
ce of smal/l organi sms with high bo
the potenti al ability to individuece
et al., 2004). Milesi et al. (2016

es wi t h hi gh di versity and funcH

ous substrates in Brazilian streams
er substrate tortrheed at ad o moengiact i v e |
ts |l ess than 5% of stream bed surfa
hi gh correlation with the second a
flow condilbbowinden nsulhset waette s emasy ne
e conditions (Erman and Erman, 1984

tection from predators and more exf

, Shear stma&mnss)2Hbver and Ack

eaf |l itter surface area in the stre
seasons showed that the leaf |itter
l uenced traits, mai inbry o the seas o
in the dry season, the iIimportance
or trait evenness, which showed a n
oinvertebrateueommdnibtyy tvaer d eqatf r d n ¢

Due to the stable flow conditions i
tion, we speculate intensive use of
edat oresc,r ehaisgihn gb otdhye stirzaei)t devenness.
fore, the | eaf | itter i nput represe

for the benthic macroinvertebrate
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al ., 20bd4dmaRedsal ., D009l nTarlbtetopalc.a,l 2@l a
mont hly | eaf i tter i nput by riparian is ¢
occurring during the transition from dry t
hypothesize thatdépentdseamai ntyeonrehenmaogni
of the seasonal flow (Speaker et al ., 1984;

We al so observed that the area covered b
substrates (<2%), was signi hobwaedtlay shigagh éi

correlation for the taxonomic richness and

|l eaf | itter, the wood substrate is a key st
channel compl exity, amare&dsess habifuge ©@ove
(Faustini and Jones, 200 3; Scealy et al .,
retention of allochthonous organic matter (
|t was also verified the i mportance of
changed with the seasonality. The predator
showing a highest i mportance in the dry
invertebrates are directly related to | eaf
thus, biotic i nteractions such as predat.i c
environment al i nstabdlermyekpedgememft s19a9p. s
exclusion of i tter accumul ation in strean
abuamndces of dendritic and predatory invert e
streams (Wall ace, 1997 )t.erler sad dhictriecars,e dc a lhlee
wet season. Water flow increase f avtoerrs t he
col umn, involving the increase ofilthererd a

(Georgian and Thorp, 1992).

OQur findings demonstrate that seasonal [

trong filters of specieatdg acoemuwrfi th eenst hi
treams. I n addition, in Neotropical saval
ariation on the structur al and functional

n the microhabitat fematur Easmplweti chhordadpgt | (
977, Townsend and Hi |l dr ew, 1994) . I n hi g

ommunity may adjust to flow disturbance (

O » O < Ou u

traits) and the organic dledbgses.be@wrmese snol

suggests a greater dependence of Neotropic
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vegetati on whi ch promotes a food resour ce
macroinvertebrates communi t(yVanrmootueg he tt hael .i,n

I n a scenario of riparian vegetation re
increase impervious surface and [/ or the n
environmental changedetntihteus et esiit d@® nstofea@amg a
in addition to the streams bed being buried
wi || affect the entire aquatic biodiversit
properties ang slkewvi cesl|l masr aweil Il i ai es depend

but a combination of t hese.

Mor eover, the headwater streams (catchme
terrestrial environment making them vulnner
antdhpogenic catchment (Lowe and Likens, 200

for biodiversity at catchment scale and t h
often neglected in maPaedemean ot ralvagi 261§ B
l'imited in silicate geology that underl i nes:s

scale, both spatial and temporal, in compar
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TabllGener al i nformation about t he

i nvest.i

Stream name  Trés Barras (A) Tortinho (B) Capetinga (C) Cabecade-Veado (D)

Altitude (m) 1116 1146 1088 1075
Stream order 2nd 2nd 2nd 2nd
Stream Width (m 2.0+0.7 2.2£0.7 3.6£1.0 2.8+0.5
Season Wet Dry Wet Dry Wet Dry Wet
Electrical

conductivity 3.940.3 3.4+0.3 5.6+0.5 6.1+0.3 3.9+0.2 4.4+0.6 4.7+0.3
(e€SHcm

Ph 6.4+0.3 5.9£0.1 6.1+0.2 6.2+0.1 5.9+0.1 5.5+0.1 5.8+0.1

?rri]zsﬁ_'y)ed OXYQel §,3+1.1 6.7+0.2 5.6+0.5 6.6£0.2 8+3.7 5.9+0.3 5.3:0.3

Turbidity (NTU) 2.9£0.9 4.0£1.2 4.0+£0.6 4.2+1.3 2.5+0.7 3.9+2.5 1.2+0.5
Temperature (°C 20£1.2 16+0.5 20+0.2 17+0.5 20+0.7 15+1.6 21+0.2
Discharge (m3;§ 0.3+0.1 0.2+0.1 0.2+0.1 0.1+0.0 0.1+0.0 0.1+0.0 0.2+0.0

Dry
5.1+1.3

5.7+0.1
6.3+0.1

2.2+0.6
17£1.5
0.1+0.0
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Tab2ATeraits and their modali agedtaamd yabbsevi

coll ected in neotropical savanna str eams
Traits name Numb_e_r of Modalities (abbreviation)
modalities
collectorsgarthenerg(CG), shredders (SH), scrap:
Feeding Habits 6 (SC), collectordilterers (CF), piercers (Pl), predatc
(PR)
Body Size 6 2.5, 2.55, 510, 1620, 2040, 4080

smaller than 10° (Flex<10), between 10° and
(Flex10_45), higher than 45° (Flex>45)
streamlined (streamli), flattened (flat), cylindric
(cylin), spherical (spherical)

Body Flexibility 3

Body Form 4

Specific
adaptation tc6
flow constraints

Mobility and
attachment to th 6
substratum

suckers (Suc), siffland (SG), mineral case (MM), ar
hooks (AH), climbers (TH), no adaptation (NA)

surface swimmerssg, full water swimmer gww),
crawler (crawler), epibenthic burrower epD,
endobenthic burrower efiy, tempoarily attachec
(attach)
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Tab3 8pear man

substrate

rank

correl

ati

ons

vari abl es Fbor geawebkl seasohn

bet ween

tra

sedamsa

nyve

there was no si@mliyi<ciagni fciocaretl acomomel ati or

wiht t he metrics and indexes of the macroi
Froude Fine Leaf
Number Boulder  Cobble Substrate Litter Wood

Wet Season

Taxa Richness - - - - - 0.17

Trait Richness - - - - - -

Taxa Diversity - - - - 0.22

Trait Diversity 0.23 - - - - 0.17

Taxa Evenness - - - - -

Trait Evenness - - - - -

Density 0.2 - - - - -

Dry Season

Taxa Richness - -0.13 - - 0.28 -

Trait Richness - - - - 0.24 0.13

Taxa Diversity - - - - 0.21 -

Trait Diversity 0.2 - - -0.13 0.13 0.15

Taxa evenness - - - - -0.21 -

Trait evenness - - 0.22 - - -

Density - - - - 0.24 -
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Stream reach
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Water Depth (m)

Water Flow
velocity (m.s™1)

Set a scale
gize according
to suber
area {0.09 m2}

2-Boulder {=250mm)
3-Cobble (&4-250mm)
4-Gravel {2-64mm)

5-Fine Substrate

Classify
substrate
types propoertion

Fi gurSechg@matic

vari abl es

(Sand, Silt and Clay)

6-Root
7-Wood
8-Leaf Litter Packs

Y

O-Substrate Diversity
[Shannon Index)

1-Froude Mumber

Microhabitat
Variables

measur ed.

di agsamplsihrogvi d g s it hre

and
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FiguBexp@gl ot comparison of)therstubetdayeanmdr
The statisti eIl coxmmarriamnkn t(eWt) of the dry
i n eacWeme aphso showed the tot al proportior
tot al proportion surface of root, wood and
proportion graph (J) because they represent

vi swel t hem.
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