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Apresentacao
A tese esta composta por trés capitulos apresentados em formato de manuscritos. Os
mesmos abordam aspectos ecologicos da comunidade de algas aderidas em substrato natural na

Lagoa Mangueira, localizada no Estado do Rio Grande do Sul, Brasil.

O Capitulo 1 apresenta um estudo que testou se as diatomaceas epifiticas respondem ao
gradiente longitudinal da lagoa durante dois verdes em trés pontos distantes (Norte, Centro e
Sul). As amostras utilizadas para este estudo fazem parte do monitoramento realizado pela
equipe do Instituto de Pesquisas Hidréaulicas (IPH-UFRGS), que fez parte do CNPg/PELD, sitio
7. Até aquele momento, além de levantamentos floristicos, apenas relatério entregue a instituicéo
constava como unico documento sobre o estudo do perifiton neste sistema. Realizou-se analise
taxondmica das diatoméaceas seguida de classificacdo em formas de vida e guildas, abordagem
que se mostrou valida e com resultados consistentes, evidenciando que as diatoméaceas e suas
estratégias ecoldgicas respondem as particularidades do ambiente. Desta forma, utilizar as
amostras historicas ajudou a prover dados que corroboraram com os demais estudos realizados
para as demais comunidades bidticas (fitoplancton, zooplancton e peixes) que evidenciam o
gradiente longitudinal da lagoa e a hidrodindmica regida pelo vento. Este manuscrito foi

publicado em 2015 no periddico Inland Waters 5(2): 117-124.

Os resultados obtidos no Capitulo 1 nos motivaram a ir a campo e conduzir um
experimento in situ para avaliar a sucessao das algas epifiticas no Sul da lagoa, area mais
propensa a acdo dos ventos de direcdo NE. No Capitulo 2, foram apresentados os resultados
desta expedicdo realizada durante 60 dias no verdo de 2012. Na mesma oportunidade foram

coletadas amostras de zooplancton que foi considerado como potencial predador. Foram limpas
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200 folhas de macrofitas para remover o biofilme preexistente objetivando “zerar” a colonizagao
e acompanhar a sucessdo das algas sob a intensa acdo do vento que ocorre nos verfes na costa do
Rio Grande do Sul. O estudo evidenciou que a fase avancada da sucessdo foi dominada por
diatoméaceas fortemente aderidas e adaptadas a estas altas médias da velocidade do vento (£15 m
s™1). O epifiton mostrou-se uma grande fonte de produtividade priméria para a teia-tréfica e fortes
correlagbes provaram que a comunidade sustentou o controle bottom-up da comunidade
zooplancténica. O Manuscrito sera re-submetido ao periodico Hydrobiologia.

No Capitulo 3 foi testada a resposta do epifiton a dinamica do vento durante frentes frias
no inverno de 2013. Durante trinta dias o epifiton foi amostrado a cada trés dias para verificar a
acdo da entrada das frentes frias, e as mudancas de velocidade e direcdo do vento. Trés situacdes
diferentes foram testadas: comunidade natural, sucessdo em um banco de macrofitas e um
mesocosmo construido para proteger o banco de macrofitas da acdo do vento. No 12° dia de
estudo ocorreu alta precipitacdo que resultou na inundacdo do mesocosmo pela dgua circundante.
Desta forma, foram providenciadas amostras logo ap6s o evento para verificar a interferéncia
deste disturbio no experimento controlado. Como resultado, comprovou-se que 0 Mesocosmo
diminuiu a acdo do vento atrasando a deposicdo das células metafiticas para inicio da
colonizacdo e a sucessdo s6 comecou ap6s o distirbio que nivelou a &gua do mesocosmo e a
agua da lagoa. Dominancia de diatomaceas fortemente aderidas ocorreu em todos o0s
experimentos, sendo resistente ao disturbio. As diversidades das comunidades responderam a
dindmica do vento, sendo mais baixas quando a velocidade do vento excedeu a média do periodo
(5 m s ). O Manuscrito sera submetido ao periédico Hydrobiologia. Por fim, na Gltima secéo

séo apresentadas as consideragdes finais.
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Resumo

A Lagoa Mangueira € uma extensa lagoa rasa subtropical localizada no sul do estado do Rio
Grande do Sul, Brasil. E um ambiente que varia de oligo & mesotrdfico, com extensa area litoral
colonizada por macrofitas aquaticas, fornecendo grande area de substrato para o
desenvolvimento da comunidade aderida. A parte sul da lagoa é caracterizada pela alta
transparéncia e alto pH, e a parte norte € mais rasa com alta concentracdo de acidos humicos
devido a interacdo com banhado. Devido sua forma e posicdo geogréafica a lagoa sofre constante
acdo dos ventos de direcdo NE, com mudancas para o quadrante SE-SO durante as frentes frias.
O vento neste ambiente € um fator regulador da hidrodindmica, afetando espacial e
temporalmente as comunidades aquaticas (fitoplancton, zooplancton, e peixes), podendo ser
considerado um disturbio constante no ambiente. Entretanto, ainda hd uma lacuna quanto a
contribuicdo das algas epifiticas para a teia trofica, bem como a resposta dessa comunidade a
hidrodinamica. O Capitulo 1 apresenta um estudo que testou se as diatomaceas epifiticas
respondem a heterogeneidade espacial da lagoa durante dois verbes em trés pontos distantes
(Norte, Centro e Sul). Verificou-se que as diatoméaceas exibem um gradiente longitudinal N—S e
a area central assume caracteristicas semelhantes aos pontos Norte e Sul dependendo da
dindmica do vento. No Capitulo 2, foi avaliada a sucessdo das algas epifiticas no Sul da lagoa,
durante 60 dias no verdo de 2012, para investigar os fatores reguladores do desenvolvimento da
comunidade in situ, considerando o zooplancton como potencial predador. O estudo evidenciou
que a fase avangada da sucessdo foi dominada por diatoméceas fortemente aderidas e adaptadas
as altas médias da velocidade do vento (+15 m s™). O epifiton mostrou-se uma grande fonte de

produtividade primaria para a teia trofica e fortes correlagbes provaram que a comunidade



sustentou o controle bottom-up da comunidade zooplancténica. O Capitulo 3 descreve o estudo
que testou a resposta do epifiton a dindmica do vento (velocidade e direcdo) durante frentes frias
(inverno de 2013) em trés situacdes diferentes: comunidade natural, sucessao em um banco de
macrofitas e um mesocosmo (protegido da acdo do vento). O epifiton revelou-se resiliente, uma
vez que o vento favoreceu a colonizacdo e estabilizacdo, recuperando-se rapidamente apds o
distdrbio. O mesocosmo diminuiu a acdo do vento atrasando a deposicao das células metafiticas
para inicio da colonizacdo e a sucessdo s6 comecou apés um grande distirbio (vento 10 m s™)
que nivelou a agua do mesocosmo e a agua circundante. Dominancia de diatomaceas foi
registrada em todos os experimentos. As diversidades das comunidades de todos os experimentos
responderam a dinamica do vento, sendo mais baixas quando a velocidade do vento excedeu a

média encontrada para o periodo (5ms ™).

Palavras-chave: distarbio, heterogeneidade espacial, predacao, produtividade primaria, sucessao

ecologica



Abstract

Mangueira Lake is a large shallow subtropical lake located in the Southern Rio Grande do Sul
State, Brazil. The lake ranges from oligo to -mesotrophic conditions and presents a large littoral
zone covered by macrophytes, providing large area for attached community development. The
southern area of the lake is characterized by high transparency and high pH and the northern area
is shallower with high concentration of humic acids because of its interaction with the wetland.
Due to its shape and geographic position, the lake undergoes constant wind action from NE
direction and from SE-SW during cold-fronts. The wind regulates the hydrodynamics in this
environment affecting spatial and temporally the aquatic communities (phytoplankton,
zooplankton and fishes), and can be considered a constant disturbance. However, epiphytic algae
contribution for food-web, as well as their responses to hydrodynamics, are still a lack. Chapter 1
presents a study in which we tested if epiphytic diatoms respond to the lake spatial heterogeneity
during two summers in three distant sites (North, Center and South). As a result we noted that
diatoms exhibited a longitudinal gradient from N—S whereas the center area assumes
characteristics similar to both North and South areas depending on wind dynamics. In Chapter 2,
we investigated epiphyton succession during 60 days in southern part of the lake in the summer
of 2012, aiming to describe the driving factors of the community development in situ,
considering zooplankton as a potential grazer. The study highlighted that the advanced phase of
succession was dominated by tightly attached diatoms adapted to high wind mean velocity (£15
m s™). We also showed that epiphyton was great source of primary production for the food-web
and strong correlations proved that the community is handling zooplankton bottom-up control.

Chapter 3 describes a study that tested the response of the epiphyton to the wind dynamics
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(velocity and direction) during cold-fronts (2013 Winter) in three different situations: natural
community, succession in a macrophyte bank and in an enclosure (protected from the wind). As
a result, epiphyton revealed to be resilient once wind favored colonization and stabilization,
rapidly recovering after disturbance. The enclosure acted buffering wind forces delaying
succession derived by settlement of metaphytic cells and the succession only started after a huge
disturbance (wind 10 m s™) which leveled the enclosure water and the lake water. Dominance of
diatoms was registered in all experiments. The communities’ diversities responded to wind
dynamics, whereas all experiments showed lower diversities when wind velocity exceeded the

system’s means (5 m s'l).

Keywords: disturbance, ecological succession, spatial heterogeneity, predation, primary

production
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Abstract

Some Inmologcal diferences amone 3 aress m Manensin Lake Braml a laze shallow ofzo-mesotrophac sysem
msier contmE wind influence. were rlaisd o the wind ackon and infhuenced disfom conmmmniny sirochre. Cuor goal
Wit o ivestisate if wind and precpiaion infhence the atached conemities, prodiacng a hefemeenenE davam dis-
iritration along the ke Sanpine was parformed m sxmme s 2006 and 3008 at the Marth, Ceamier, and South points of
ihe lake Binfims were soaped fiom nanrsl sobemmia B quaninive aabyses 17 species wee considersd snmdant
The South & chamcenized by high ransparency and high pH and &= influenced iy conmmame wind parimbation (WE
direction], hoth in Sequency and infensity. The G conmariny was Chamcnenzesd by ow-profils suld and pioneer
liE-forme, which are resistant o plysical distorbances. The Mot i shallowr with. hisgh bmic acids becasse of its
Pty and meeacnon with the wetland, and ¥ was chaacrenzed by high-profile and moale pulds. Ineermmmal
cpatial variation was regiserd de fe nfieece of contimems precipiation hefre te A08 snpire dus. wihich
e the laks roore bornneeneons han it was m 2006, The Camer acied a5 a Tareiion point which was more smilar
ovthe Mot in 2006 and moe amilar e te South m 3008, The longiudna] sradent was senered doe to abiob: char-
acterizies of the MNorth and the South. The daiom conrmomity exhibied a knsrodral pradient N—-5, and the diom

hiE-forme and ecological milds wars & 15l tool for examining spasal heteromemsity:

Kev words: ecological guilds, frechwater, life-fomos, water level, wind

Introduction

Alze assemiblazes are known to respond mpidly o emi-
rommental changes (Martila and Raisdren 19983), and
artached alzas unable fo mimmte away from adverse
conditions, ars 4 reliabls proay to anabyzs amironmental
conditions (Seevenson 1907). Diasons are a diverse Sroup
of umicelhalar alpae with complex axononry and stroctures
by which czlls can adbere to substrates (Found ot al. 19909
Althoush idenfification at the species lewel can be
sometimes dificolt (Beribon = al 2011, diatom prowdt
fomms with similar ecolesical charactenstics can be used i
defermine ecological faits because they comespond fo
adaptations relatsd fo nse resources (Passy 2007, and their

A=:5001at0ns 0 emirenmental can be a5 strong a5
far species commasiton (Delvicols md Fally 2014)
Life-forms mnd ecological mulds can elncdas the
structare of the biofilm (Fimet and Bouchez 2011) and m
nmping waters can adapt to resources (Passy 2007, Lange
etal 2011), argamic polhtion and trophic levels (Berthon
et al. 2011}, light (Lange et al. 2011}, and pesticide con-
tamimation (Fimet and Bouchez 2011). Life-forms and
their stratepres are also usefnl fior detemmining disturbance
effiects (Gohmeck and Mele 201X however, the uss of
those meamics i lakes is sl poorty understood (Deliicola
and Kelly 2014). Diatom prowth can be controlled by
bight, prammg. temperature, and water chemistry (Patmck
and Peimer 1065, Fomd 1000). Besoumoe avadlabdlity and

[EH 10 32605 2 ad

dlorwl Wogers (201X 5, . 117-124
C Insernatmal Socaty of Lensodagy 3015
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Penplyli distoms cahubil 4 kagialine gralien) in 2 bgs sobtnopical shallow laks i

both in ooopleyies and flamerdoes almse Dol ae also
mutiles we chase to classiisd them as prostrate (atmched
by mucilage pads and pamlisl to subsmae) in the
low-prafils mald

Data analyses

Prncipal components analysis (PCA) was performed i
defermine spanal and mteranrmal (200§ and 2008)
pattarms of emvirenmendal conditions. Emdrmomental dat
ma]s:ucu:eluadn‘hhbiud:dmmgﬂﬂmﬂim
Seatistica 7.1 (StatSoft Inc. 2003) to select explanatory
vamiables for pmitvanate apabvses. A dendroeram of
similarity (Euclidian distance)) was used to verify spedies
distribroian Cmalcm::[:mhce mmalysis (OCA)
was used o imwestizate and inferanrmal

of enviroomental data, dixtoms Lfe-forms and
erological guilds. Dmmmmﬁmmdtrfhagr.—l
Ordimation analysiz was performed using the soffware
PC-ORD 4.0 for Windows {"rl[l:[hmemdll.izﬁ'ml 2011}

Hesults

Envirommental data

Comparmg data from 10 days befors sanmpling dats, wind
mean wvelocifies were hipher m 2006 than m 2008
(1.2-22 ms") uniil day 4, when they became hisher in
2008 (25852 ms; Fig 1. In X4, the mean direction
was SE, .!EEEtI]]g'ItEC-E]IE.’]nIEﬂJm‘ItEI:ﬂEﬂTE
Praj;mndmhadapeaknfiﬂjmdda}'ahefmﬂ:}

sampling in DA, howeter, it was higher (15 nom)
during the sampling date in 3008 (Fig. 1) nn:uamgﬂ:}

(Table 1). The Center point had higher availability of
silica, ant some mterammia) patems were observed: TS5
peaked in 2004, and COD, TS, and T, and TH-TP ratsos
peaked m 200E (Table 1) Comparing nferanrmal
variahdity, sunmer 2008 had hisher temperatarss, £, and
Mdﬂpimaﬂimbpﬂmﬁmzﬂiﬁmtulel]
Limmelogical vamiables measared in Mammoeira Lake
(Tablz 1) were used to perform a PCA. explanmg 91 2%
af the varanes in the first I axss (Fiz. 7). The first axis
rexealed inferanemal dismitution (73.8%, p < 0002, and
the second axEs explained the spatial dismibagion (12.6%).
The variables that were higher in 2008 (Table 1) and
comelated with first axiz wer conductesty (—0.99),
alkalimity (—0.98), silica (—0.98), DOC (—095), Secchi
depth (—0.05), TOC (—0.93), TNTP (—091). temperatme
(—0.88), bunmc acids (—0.83), and TN (-0.70); 2006 was
characterized by TIC (0097, DO (0.8, TP (077 and

SEP (0.73). The second ads revealed that the South was
distinct fnomy the other aress due to high £ (—0.28) and pH
(—0u55). A longiudinal pradient was observed in J00B
froen B—5, whereas the Morth was markeed by hish nmric
acids, solids, carbon, and muments NE wind caused dis-
placement of these materials to the lake and the Cenfer
painf 5ill had considemble concenmations. The Smxh was
deeper and showed hisher pH than oiber points @ both
vears. In 2004 the perfect lonzinadina] pradient was broken
doe a peak of TS5 at the Center point (320 me L),

Wimd vebeoty and precipitaiion
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Fig- 1. Prmcspal components snalyin (FUA} dhowmy spahal and
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alialmily (Alks), ammomms (NH) conductraly (Cond), dhemical
anpgpen aebas (DO, dissclval ooy (), Budss: aculs
(HemAic), pH, Seocka depth (Seechi), silica (Sil), soleéle reactlive
ploiphons (5RF), emperabss (Tanp), Wid airegen (TR, ol
sohids (TS) olal suspendal seluds (TH3), lotal phesplens (TFP),
lslel ineegan: carbon (TEC), ol ciganie carlson (TOC)
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Demine: Pllatias S Fadia ol al

Tahle 1. Limaologesal vanable: mesuiel in Mmguess Lake dunag the sludy parad

Summer 2 Sumenar 208

ot Cemer Sounth Moot Centzr South
Wirter temperanme (#C) 1291 1568 567 451 M 26,14
Depth {mj nad 0 154 1.00 1.50 1.60
Sapchi depth (m) T 040 043 0.76 054 113
Commacivity (mS mr ") 026 028 Qa7 0.35 035 0.36
Alkalinity (mz L) 580 381 57 504 0.6 718
Dhizsolved oygen (ms L) T.66 ] B85 5.81 585 568
pH Tag 823 | B0 B3l B.56
COD [0, L1 5.00 400 300 15.0 300 180
Himmic acids (meg L) 0032 0017 Qg1 0.071 0.051 0.053
Total solsds (me L0 a0 194.0 1580 1860 20610 18740
Total suspended solids {mz L) 13.5 B0 510 13.0 G0 G
Silica (me L) 140 1a0 LB0 149 274 266
Total nitrozen (mz L) 011 0.0e a7 0.16 023 011
Ammordium (MH,) (g L) 007 o0o7 003 0l 0.1 0:02
Total phosphens (me L) 0052 0031 002a 0.0 0.019 0.:019
Sahuble reactive phosphomos (mg L) 0023 001s 002a 0.021 0.012 0004
THTP 11 18 14 35 121 58
Total crzamic carbon {ms L) .01 145 043 546 318 219
Total morpanic carbon (mg L-7) 1359 030 1417 019 038 017

pronxsed vy SE wind dummg that fime. Thos, based on en-
viroomenta] and abdotic data, the Center can assmme char-
acteristics of both exiremes. of the lake, oreating a ransition
paoint between the Morth m 2005 and South in 2008

Biotic data

Of 59 distom species identified onby 17 were abundant
(Table 1), Fichness (38 taxa) and densites wers higher in
ihe Cemier in 2006, and an ivoeased pradient of nchness
and densities was established fom the MNorth to the South
in 2008 (Fig. 5). A dendrogram of similarity (Euclidian
distamre) applied fo diatom species (Fig. 4) showed that
the South copmvmity was similar m both years dus @0
Achremhugdon  mimuristimeen  dopdnance, which was
respomsible for B04%: amd 33.4% of the toml demsity m
2006 and 2008, respectively. The Center and Noth
presemted 3 dixtom compmrity with =75% of simdlarity im
200; m 2008, tECmrErdm-amcmmmn}'wasm

'I".i-‘:T-] were smansly correlated with the biotic marit and
e for ordination on the CCA OCA usine

weme respaonsibl
life-forms and ecological guilds (Fig. ) explained 97%

(P < 0.05) of the vanance in the first 1 axes On the first
mas, humic acids (—0065) characterized the Narth poimts
beoth years; on the other side of ordmaton, pH (00.35) was
maore related with the South and Center in both vears. In
the second axis, Z (0059 had more influence in the Center
and South in 3008 dorng the rainy summer, whereas T35
(.55 separated the Cenfer in I fom the other
sampling units becanse of the peak (380 me L), which
was 3 consaquence of the SE wind direction.

T | D st o

o
T
- .

el !
i

S REFEENMEAN
e L

Fag. 3. Amnbotes of the dislos commonily in Menguars Laie @
cich dample pomnl (Moeth, Center, snd Sooth) in Semmer {2006
2R
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Table 1. Clasahcstion of sbundasl spacics (1% ol lolsl deasly ) m lile-lfoms and ssolagieal pumldh (Bl and ther demutes (md e ia

Melargusira Like doring the slaly period

Surmmer 20045 Summer 2008
Life-fomas Morth Center South North Center South
Piooeer Achnauiidum mimricimom 1783 8540 10831 18 3B62 23005
Pedunculate 4 mimurrsimeo, 10739 30318 20871 5487 8976 27831
Puichella, Fragilaria sp.,
F. fragriarioides, Gomphonema 5p.
(. mgustanm, . capianm
G gracie, . parvuim, Ulnaria uing
Prostmanz Epithemiia tarex, E. nrgida &8 4157 1140 0 25197 10732
Motle Navicola cryprocapiain comgpie. a6 1118 187 500 e 401
Planktonic  dulaconeing sp. 7 0 0 J4E 0 a0
Colomial Auiacoreina sp., Fragiiaria spp., 142 1018 267 15976 96 1805
Stmurosirella spp.
EG Morth Center South North Center South
Low-profile 4 mimurrcimemm, Epitemia spp 2381 1797 1011 18X M09 35807
High-profile  duiaroreira sp.. C. puicheiia, 142 1018 247 15076 94§ 1805
Stmrosirella spp., T7 uing
Motle pald  Nenvicwla cripocepiaia compiey &6 1118 187 000 B2 401
N. aciculars
For biotic data, the first axis showed that hizh-profile  The moeased N—5 i peripinioo richness and

(—0.83) and modle goilds (—058) were charcteristicalty
related with the North due to hizh abundance of planktonic
(—0.54). colonial (—.93), and motile (—0.58) Lie-fomms;
the low-profile puild (0.76) was typically from the Center
and South areas, with high abundance of prostrage (0 84),
pedunculate (0.5, a:dptmea (0.28) life-forms The
pioneer life-form was domirant m the South; therefore. an
mteranmial difference for beotic data was poted in the
Center due to high atundancs of pedunculate [ife-forms in
2004 and prosimaie life-forms n 2008.

Discussion

Some limnologcal differsnces amonz the 3 areas I
Manzueima Lake were related to wind action. The South is
markedly more tramsparent and deep and bas higher pH

and associated moirients are Dansparted o 'ﬂlE-I'-FI:I.'ﬂlh‘f
Comira-omrents, resuling m a large photc zone in the South
(Rodnzues 2009). Wind is the main factor responsibies for
manspamng subsances and pinvoplankton in Manpueim
Laks; of wind remairs stable for a day or konger, honzontal
and vertical water cinculation ocoars (Cardoso et al. 2012).

densites in I00E was ralated to the WE wind direction, and
the heshest TSS and richness and dersifies on the Cemter
point m 2005 were due o the SE wind direction. Wind
action could also prompt hish pH in Manzusra Lake
E;ajalh'mteﬂcmhhfsuspenijngﬂhsasyxilaiwhil
the sandy mannederved sediments of this regon
(Tomazelli and Villwock 23003). Marine shells are foond at
the sediment anface. and fues the hish condoctivety and pH
of Margosin Lake could be explained by remineralization
2 well as by sedimentary—geologcal mieractons. Cistom
assamblazes were domirated by trm with alkaline and
peuiral pH preferences (Pamick and Reimer 1966, Van Dam
et al. 1984). Peripinviic aleae are better developed for basic
water with available murientz, carborates, and becarbonates
that can promwée phosphorus absorption, although the e
at which specific taxa prow in tropical and subirepscal emi-
Fonmments is mknown (Domimovic et al. 2013).

The South coommmity was doodnated by the
Jow-proile muild and seemed better adapted to wind pernz-
bation. The low-maofile gmld consists of specdies adapied
to hirh distwbance, imespective of mment sapply
(Paszy 2007). Arhmanehidium mimuricsimum, a pedunoalate
piocesr life-form, was dominant in diasem assemblazss m
both years stodied This species is known o [hve attached
to substafa msistant to physical distorbances, such as

[ 105268 TW-5.2 baS
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Fig. E Canonwal cormcpomlonoe amiboas (OCA) devwmyg spatisl
anl lempsral verision ol the dxem life-fiom i and coaksgical jmkls
m Mamgecira Lake (pH, buss: aadc [Hembc), obal aspendal
silichs [TS5], and depey [Z])

water furbulence (Fimet and Boucher 201I). and &
adapted to corent velocities (Passy 2007). Lowe (1996)
observed that, onre the commmmities underso regular
high-enerpy wave dishobance epiplytic commmnites in
the aulittoral zone are donmnatsd by alge tighthy attached
o the substatom Mucilage stalks of diatoms firmiy attach
o subsma whils remainme fexible enoush to ke
wave achon (Lowe 1008) Soessful condibops allow
compedtive advantages for a particular taxon, in this case
A mmurgrcieeon, which is widely recorded as an mperme-
diary colomizer resistat to distwbances (Biges and
Thomsen 1985, Peterson 1996). Fellowme Coonell (1978),
anly some populations of piopesr species can establish
themsebves, a5 we observed m the South due fo 4. minws-
sz doomnarce  Confimens can he
understood a5 a steady condition that results in a steady-
state comommity (Choros and Schlag 1993, leading fo
monodominancs m both vears.

The Morth area of the lake = more to the
effects of shallow water levels and is characterized by hash
TS and buonir acids becanse of its prowximiry and infemcton
with the wetland  The MNorth conmamity was donminated try
the hizh-profile and motile puild: the high-profile mald i

in Jow-dishrbance and resource-rch habitats
whereas the metile pulld comprises tolemnt species (22,
toleant to europhscation and polhmon: Passy 2007). The
ecology of planktors diatoms soch as dwlacasera .
(Passy 2007) imolves adaptations and strategies in whach
the zrowth peak ocours dming torbulent penods. As these

5 hieve high densities, their sificified call walls
shed and f&ll o the sediment, where they form reastane
spores. Wind forces are an advamfage to these spores
becanse they can suspend cells from the sedimend to the
photic zore (Rewvoolds 19840 Mobtls diatom:s recorded
muirients, such as Mndoula oppeocephala comples. (Van
Cam et al 1904), Nizrohiz spp. (Lobo et al. 2010, and
Semrosireila spp. (Michel ef al. 2006). Similarly, heteroge-
meons spamal dismbations due o wind amon and the
enchanze between the laks and wetlind m the exmeme
Tvionth were also reported by Eodomees et al. (2011) during
2 fish compmmity aralysis and by Crossetti et al (2013) m
relation to phytoplankton commummty.

The Cenfer is a tapsition point between the exremes
of the lake. In the present study, the Center was character-
eed by pedunculate bfeforms m 2005 and prosiraie
hife-forms in XME. In coofrast to the South compmmsty,
pechmeulacs 1ife-forms from the high-profile puild, such as
fompiomems o, and spedes of Fraglarales, were
domimant in the Center in 2004 when conditions were
sinmilar o those in the Morth, marked by hish T55. These
periplytc diatoms bave specialized smactares 1o attach
substrata and compete for resources such as hizht (Peterzon
1996). & porvuiim was also recanded by Crossett et al.
EDl"jmﬁ:ﬁ-aglmkhm:mmlafrmﬂrmea
periphytic distom that occasiomally ocomred o lake
plankoon hecanse of wind suspension (Padisak =t al. 2006).

In larpe shallow Lakes with spatial heterogensity, by-
drodyoamic factors of plankton distriution are datermined
by the mregular supply of resouances (Cardoso et al. 20012,
during which phytoplankion struchars k5 nfluenced by
water level vanations and abtotc conditions such as Lipht
and ooment availability (Crossetti et al 2007). These
drving Soors were also important fior the spatial distiba-
ton of the pernplnytc compumity in Mangoers Lake In
2008, distarbance caused by precpitation favored prostrate
diztoms, and the Center was befter representad by an
mireaze in Eptieenia density. Acoording to Potapova and
Charles (2002}, several species of Epithemua mefar fast-

10 Ienermtworend. Suncnety' ol Livsrusloggry 2015
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fowing areas. Epitiemeia spp are conmmon MN-amg
diatoms; these cyanobadena-symbionts wers also noted m
a shallow lake i Hungary (Acs et al 2005) durine a
summer with an ummsually kow water level In our stody,
the T TP mtio in 2004 was uniform in the ke (2.1-2.8),
whersas in 2008 this ratio was almost double of that of the
Maorth (5.5) and South (5.8) and pmch higher in the Center
(12.1). Stamcheva et al (2013) showed the oppesite in
mvers, however, where relatve abumdance of Lpirhemia as
well a5 the endosymibiont biovelume were reduced with
IcTeasss in W concenfrations and TI:TP ratios of 151,
althonph Epithemia 1= fmvored by lowmer TN-TP mios
(Felly 2003). There is litle miormation about the mitment
requirements. of mdnidaal species for tropical (Dhenitovic
et al 2013) or submopical emvirooments. Macrophytes as
host plants may moease phosphate availabdiy fo
epiphytes, however, decreasing the local TNTP mito
(Bumkholder eof al IS"EI'III:L therefore, the spedes of

where the Comemmity &5 atached
can also contro] the ]I'I'TleD-ED]I:'metalDEIlD]
shadymme a shallow bypersgirophic mopical reservod,
found that the TH: TP rano was not a sipnificant predicior,
Tt that light was the factor responsible for the temporal
variations of chlorophyll @ in the periplryion.

Dhanom [ife-formes and ecological goilds prosed to be a
reliable prosy to evaluate spatal heterogensity m a shalkow
lake, basad on the ecological state of the 3 sapplmg points
of Manmema Lake umder diferent envionmental
conditions. The sanpling points also revealad the existence
of a longzinading] pradeent in Manzoeira Lake that varas
with wind dynanic: and predpimton (requency and
intensiry), consistent with our hypothesis that spatial heter-
ugamrvca:saﬂhrmummﬂlmd:mﬁmehmhf
wind and quantitabvely and ely infhierce the
artached compmmety. Wind force from the ME was demon-
strated 1o be an agent acting to displace miments and alzae
and to mode] peripleytic commumity strocture oo the South
Life-forms and ecological goikds both proved o be
effective tools for makng ecolozical misTence: and were
consistent with a inmological pradient eoommme from the
Marth 1 the South poimts in Mansueim Lake.
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Epiphyton dynamics during succession experiment in a large shallow lake:

relations with disturbance and bottom-up zooplankton control
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Epiphyton dynamics during succession experiment in a large shallow lake: relations with disturbance and

bottom-up zooplankton control
Denise Matias de Faria®", Luciana de Souza Cardoso'” David da Motta Marques®
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Abstract: We investigated epiphyton summer succession during 60 days in a subtropical shallow lake, southern
Brazil, aiming to identify the driving factors for algae development under natural conditions, considering
zooplankton as potential grazers. Macrophytes were cleaned on the field with soft sponge, identified and randomly
sampled in short-term interval, as well as zooplankton for estimate their relations during succession process. Algae
were incubated immediately after sampling for primary production data. Early stage of succession was dominated by
loosely attached algae and advanced phase was characterized by increase and persistence of tightly attached diatoms
which showed to be well adapted to high mean’s wind velocity (15 m s™). Summer storms (high precipitation 46.7
mm and wind 29.5 m s™) favored both prostrate diatoms biomass and TP input. Epiphyton was great source of
primary production for the food-web and maximum carbon uptake (8028.8 mg C m™ h™*) was coincident with
heterogeneous community following biomass variation and community structure. Strong correlations proved that
algal abundance was reduced with increases zooplankton richness, but diversity increased with predator’s
abundance; Rotifera was favored with algal diversity and Copepods and Cladocerans raised in water when diatoms
biomass increased in biofilm handling zooplankton bottom-up control.

Keywords: **C uptake, life-forms, nutrient levels, periphyton, precipitation, wind, subtropical
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Introduction

Attachment strategies and algae growth forms have been used to asses ecological traits in running waters,
great corresponding to adaptations to resources (Passy, 2007; Lange et al. 2011; Berthon et al. 2011; diatoms only)
and to physical disturbances (Schneck & Melo, 2012; whole attached community). During succession process,
temporal changes in dominant growth forms showed to be related to changes in community resources (Passy, 2007;
Kelly et al., 2009) and the use of life-forms can supply strong information about the structure of the biofilm (Rimet

& Bouchez, 2011); however, it is still poorly understood to lentic environments (DeNicola & Kelly, 2014).

Colonization of clean substrata involves the formation of an organic biofilm, followed by the passive
settlement of cells with subsequent increases in abundance arising via reproduction as r-strategists (Szlauer-
Lukaszewska, 2007); species growing is evidenced by a sequence defined on time and space until a complex
community in a mature state (Hoagland et al., 1982; Biggs, 1996; Stevenson, 1996). The successional sequence is
organized by a complex interaction of factors controlled by light, grazing, temperature and water chemistry (Patrick
& Reimer, 1966; Stevenson, 1996), habitat, substrate availability, reserve of propagules of species (Hutchinson,
1975; Peterson & Stevenson, 1992) and species efficiency in resources competition (Ferragut & Bicudo, 2010).
Successional phases vary with the environment, trophic states, substrata exposure times and disturbances that are
experienced during succession (Szlauer-Lukaszewska, 2007; Rodrigues dos Santos & Ferragut, 2013). Thus,
availability of resources, as light and nutrients, are regulatory factors that can redirect the successional trajectory on

a local scale (Ferragut & Bicudo, 2010).

Shallow lakes have a high potential to development for attached algae (Wetzel, 1990) presenting large areas
with sufficient light and a diverse variety of submerged substrates for algal growth (Lowe, 1996; Liboriussen &
Jeppensen, 2006) as sediment (epipelon), stones (epilithon), macrophytes (epiphyton) and others. The size, shape
(Wehr & Sheath, 2003) and hydrodynamics of coastal shallow lakes directly affect their physical and chemical
properties (Scheffer, 1998). In subtropical shallow lakes with wind driven hydrodynamics, the water column is not
stratified resulting in intense water circulation (Cardoso et al., 2012) and Cardoso & Motta Marques (2004)
indicated zooplankton species associated with the effects of fetch in the lake. Besides wind action, littoral zone at

shallow depths are exposed to water-level, wave action and high radiation (Cantonati & Lowe, 2014). Moreover,
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littoral zones community suffers hardly changes responding to rain, watershed and river flows (Rimet et al., 2015).
Disturbance events are determinant of community structure (Peterson & Stevenson, 1992), and the presence,
frequency and intensity of them are more decisive than the origin (Sommer et al.,1993).The intensity of disturbance
affects community diversity (Acs & Kiss, 1993) and also emphasizes the importance of refuges for streams benthic
algae (Schneck & Mello, 2012). Refuges and propagules availability will determine community ability to recovering
(Lake, 2000). In a subtropical shallow lake, Cardoso & Motta Marques (2004, 2009) showed that phytoplankton and
zooplankton community changes were strictly related to wind action in pelagic zone. Wind action in littoral zone
also showed to model attached community selecting them by their adaptations (Faria et al., 2015; Rimet et al., 2015)
however, the effect of disturbances still remains poorly understood, particularly in terms of establishment of

equilibrium states and non-equilibrium theories (Lengyel et al., 2014).

Benthic algae are an important source to whole-lake primary production in shallow lakes (Vadeboncoeur et
al., 2008) and depend not only on light but also on the morphometry of the lake (Ask et al., 2009). As a quality food
resource for many consumers (McCormick et al., 2001), in Mangueira Lake, the food web showed to be sustained
by autochthonous carbon; in addition to macrophytes, epiphyton plays an important role in nutrient cycling and
storage, with effects on zooplankton and fishes (Rodrigues et al., 2014). During summers, phytoplankton growth
was limited by warming and low nutrient supplies as well as high grazing rates (Fragoso Jr. et al, 2011).
Zooplankton biomass in pelagic zone of South area showed temporal variability following the phytoplankton rates

(Rosa, 2015), so we assume that epiphyton could act as a principal community in carbon supply.

In this study our goal was to investigate epiphytic algae development and their autogenic process, as
nutrient levels and primary production, in natural environment to understand which main factors drive epiphytic
algae dynamics. We monitored epiphytic algae succession in natural substrate in Mangueira Lake over a 60-day
period in summer to determine (1) if nutrients and/or disturbances are the main factors driving epiphyton succession
on natural conditions in a macrophyte bank and (2) if epiphyton primary production sustains the carbon production

in littoral zone acting as bottom-up control for zooplankton.

Materials and Methods
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Study area

Mangueira Lake is located in southern Brazil on a narrow strip of land between the Atlantic Ocean and
Mirim Lake (Crossetti et al., 2013). This coastal lake ranges from oligo to —mesotrophic conditions and covers
approximately 820 km?. It is 90 km long and 3—10 km wide, and the average depth is 3 m (Zmax = 6 m) (Cardoso et

al., 2012). The lake is under continuous wind influence, with predominantly NE-SW winds during the summer.
Field and laboratory procedures

Wind (velocity and direction) and precipitation data were obtained from Santa Vitoria do Palmar
Meteorological Station (maintained by INMET, Meteorological National Institute) from January 13 to March 18 of
2012, three times per day (0 am, 12 pm and 6 pm) to describe the summer wind and precipitation patterns as well to

evaluate their disturbance potential.

We conducted the experiment in situ in the southern part of the lake (33°30'36.94"S; 53°7'0.64"W) over 60
days in summer 2012 (from January 18 to March 18). We chose two banks of the emergent macrophyte
Schenoplectus californicus L. in the littoral zone for study, distant each other 50 m. The macrophytes (n=240;
with120 leaves in each bank) were randomly chosen and carefully cleaned with a soft sponge to remove the
preexistent biofilm. On the top of the leaves were marked with adhesive tape for identification, marking ‘day one” of
the experiment. Sampling were in replicates (n=2, one in each bank) on days 3, 6, 9, 12, 15, 20, 30, 45 and 60 of
succession, where leaves were randomly sampled and stored. Immediately after sampling, the biofilms were
removed from the substrate with toothbrushes, fixed in Lugol 5% for quantitative analysis (n=2, replicates) and
stored frozen for nutrient and pigments analyses (compound sample, n=2). On each sampling day, zooplankton
samples were taken using a suction pump filtering 100 L into nylon net of 25 um mesh, concentrated in 250 mL of
polyethylene bottles and fixed with formaldehyde 4% (Wetzel & Likens, 2000). Water was sampled with plastic
bottles (n=2) that were stored frozen for nutrient analysis (nitrogen and phosphorus series) according to the method

further down.

Water depth and transparency were measured using a metered cable and Secchi disk, respectively.

Temperature, dissolved oxygen, pH and conductivity were measured in situ with an YSI 6920 probe. Water samples
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were collected in littoral zone. The following nutrients were measured, including total nitrogen (TN), nitrate (NO3),
ammonia (NH3), total phosphorus (TP), and orthophosphate (PO,4) (Mackereth et al., 1989). Chlorophyll (Chl a) and
pheophytin (Pheo) were extracted from GF/F filters in 90% ethanol (Jespersen and Christoffersen, 1987) and
measured by spectrophotometry (APHA, 2005). In addition to measurements, TN and TP molar ratios were

calculated. We based on Kahlert (1998) optimum ratios for benthic algae (18 : 1).
Primary production

Immediately after sampling, epiphyton was incubated for estimation of carbon uptake. Attached algae were
removed and incubated with filtrate lake water. Surface area of plant was measured before scraping biofilm. Algae
primary production was estimated by the radiolabeled sodium bicarbonate (Na H'* CO;) method (Wetzel & Likens,
2000). For each sample, 500 pL of radiolabeled bicarbonate (8.0 uCi mL™ final concentration, PerkinElmer) was
added to glass bottles (50 mL) and filled with the water containing the sampled algae (1 dark, 2 light, 1 initial).
Incubation of the covered bottles was performed for 4h (12 pm until 4pm) inside a PVC box. A Photosynthetically
Active Radiation (PAR) sensor (Hobo weather station) was used to detect and record the incidence of PAR during
the experiment. The data, registered with the logger aid, provided a daily profile of light radiation. Interruption of
incubation activity in the initial and incubated bottles was achieved by adding 1 mL of formaldehyde (final
concentration 0.4%, 1:100). The bottles were stored and refrigerated in the dark until processing. Beta-particle
emission counts were performed in a Rack beta Liquid Scintillation Counter (LKB Wallac 1209). The results were

calculated ing C m?h™.
Biotic data

Algae were identified and counted according to Utermohl’s (1958) method which yields 90% counting
efficiency (Pappas & Stoermer, 1996). The data were converted into density (ind m; APHA 2005) and biomass
(10° um® m?; Hillebrand et al., 1999). Species diversity (H) was calculated as the Shannon-Wiener index. We
classified taxa (total density and biomass >1%, according to Lavoie et al., 2009) in to six categories of life-forms

(modified from Schneck & Melo, 2012; Rimet & Bouchez, 2012; Rimet et al., 2015) presented on Table 3. Life-
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forms were sub-classified based on the largest linear dimension axis (GALD) (Lewis, 1976) in four categories: class

1 (<10 um), class II (11-20 um), class I1I (21-50 pm) and class IV (> 50 pm).

For Zooplankton, an aliquot of each sample unit was quantified in a Sedgwick - Rafter chamber (APHA,
2005) with a minimum of 80% efficiency (Papas & Stoermer, 1996), and the values expressed as density (ind m™)
and biomass (mg L) (adapted from Wetzel & Likens, 2000). Species diversity (H) was calculated as the Shannon-
Wiener index. The cell volume was calculated using geometric formulas of the specific forms or length-weight
regression (Bottrell et al., 1976; Dumont et al., 1975; Ruttner-Kolisko, 1977; Malley et al., 1989), which 10 to 20
individuals of each taxon were measured. Zooplankton species and groups were also classified related to the size of
particules that they are able to ingest, crossing data with algae GALD, aiming to understand the relations between

zooplankton feed behavior and epiphyton.
Data analyses

The succession rate of the community composition (c) was calculated according to the method of the sum
of differences (Lewis, 1978). We conducted descriptive analyses for the biotic data and T-tests of dependent
samples between days (on successional sequence) to investigate the responses of the categories to disturbances using
Statistica 7.1 software (StatSoft, Inc., 2005). We also performed correlation analyses (r-Pearson p<0.05) between
the epiphyton community and environmental data (meteorological data and water data), biofilm nutritional states,
primary production, and zooplankton biomass to identify relationships among them and explanatory variables to
include in the subsequent multivariate analyses. Ordination analyses were performed using the software PC-ORD
version 6.08 for Windows (McCune and Mefford, 2011). PCA of water attributes was performed to reveal
environmental changes over the course of the experiment in littoral zone. CCA was used to identify relationships
among the algal life-forms and zooplankton groups (both with biomass data) with the associated water measures TP,
TN, Chla, Secchi depth and temperature as well as disturbances (precipitation and wind). The data were logx+1

transformed prior to multivariate analysis.
Results

Environmental data and water attributes
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Wind direction was constant (N-NE), with a high mean velocity (15 + 6 m s™*) throughout the summer. The
peak of wind velocity was on day 20 (29.5 m s, with a mean of 28 m s™ three days before sampling) and remained
high until day 30 (7 m s™) and then stabilized at 16 m s™ until the end of experiment. The range of precipitation was
low (3 £ 8 mm), with two peaks on days 20 (47 mm) and 36 (33 mm); subsequent precipitation was constant and
moderate until day 60 (2.5 mm). So, we considered the summer storm (day 20) as disturbance, the mean velocity for
the system (15 m s™) as wind steady condition and winds lower than that as a quiescence, driving epiphyton

succession process.

Ordination analysis (PCA) of the environmental data revealed the significance for the first axis (80.73%, P
< 0.01), identifying the influence of disturbance on the nutrients homogeneity in water column, as a result of the
high precipitation (r = 0.99) and wind velocity (r = 0.82) on day 20, increasing TP (r = 0.63) and PO4 (r = 0.55) and
reducing pH (r = -0.90) and conductivity (r = -0.95) (Fig. 1). Littoral zone water was under N-limiting conditions (N
: P molar ratio < 16 of Redfield ratio) and presented homogeneous distribution of nutrient concentrations (CV <

25%) during summer 2012 (Table 1). pH was alkaline (mean 8.7) and oligohaline (mean 0.42 mS cm™).
Epiphyton nutrient levels and primary production

Epiphyton was N limited (4+1) (Table 2). Biofilm TP increased with time, whereas TN varied during
succession being correlated with pheophytin (r = 0.80, P = 0.017). No correlations were observed between nutrient

content and water chemistry in littoral zone.

The Chla values were high until day 12 decreasing thereafter followed by increases in pheophytin,
indicating community degradation (Fig. 2). Maximum carbon uptake was on day 15 (8028.8 mg C m?h™). Even in
low Chla (2.5 mg m™), high assimilation was detected (7917.0mg C m? h™) on day 6. PP : Chla ratio was negatively
correlated to pheophytin (r = - 0.73; P = 0.041) evidencing epiphyton productivity. No correlations were observed
among nutrients and carbon uptake. Lowest solar radiation favored production (PAR ranged from 243 to 1806 pumol
m?2s); however, production also happened under high light incidence (PAR > 1365 pmol m™s™). Besides high

value identified on day 6, was possible to observe that primary production followed epiphyton biomass variation

(Fig. 2).
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Epiphyton and Zooplankton community structure and succession rate

During succession, 55 epiphytic taxa were counted (>1%), and the peak in richness and total density (11398 ind
m2) were registered on day 15, and characterized the end of the early succession stage, coincident to the
zooplankton biomass peak (Table 2, Fig.3). No correlations were observed among community attributes and water
chemistry. No significant changes on richness was observed after that (P < 0.01; T-test for dependent samples) and
density substantially decrease from day 15 to 20 (P = 0.048). Some important relations between producers and
predators were observed. Epiphyton density was inversely correlated with zooplankton richness (r = -0.80, P =
0.017) and diversity (r = -0.81, P = 0.014). On the other hand, algal diversity was intensified with zooplankton

density (r = 0.74, P = 0.037).

Epiphyton succession (Fig.3) began with Chlorophyceae (low biomass [0.01 10°um™ cm™] but high density
[96.6+68.4ind m™]) mostly Monoraphidium spp. which was responsible for peak in Chla (r = 0.94, P = 0.001). Day
6 was marked by low biomass and peak of phytoflagellates. Zygnemaphyceae (Cosmarium spp.) dominated
community biomass until day 12. Diatoms stabilization was noted on day 15, dominating until advanced stage of
succession. Bacillariophyceae was correlated with increases in biomass (r = 0.91, P=0.001) and responsible for
more than 70% of total biomass after day 20. Day 20 was marked by summer storm which favored diatoms attached
parallel to substrata (manly Epithemia spp.). Succession rate was high until day 9 due the small sized taxa that was
registered being able to colonize substrates faster than other species; the rate reduced after day 12-15 due diatoms
stabilization. NH; concentration in biofilm increased with the rate stabilization (r = -0.73, P= 0.039) as well as
pheophytin was correlated with biomass (r = 0.90, P = 0.002). Zooplankton community was dominated by Rotifera
and Protist (Tecamoeba and Ciliate) during the study time, therefore small size class of potential predators were
found, thus density and biomass were strongly correlated (r =0.96, P< 0.001) (Fig.3). Zooplankton biomass was
correlated with diatoms biomass (r = 0.95, P< 0.001). On day 20 (disturbance day), zooplankton substantially
decreased in density and biomass; biomass was recovered only on day 45. Copepod and Cladoceran were more
frequent when large motile diatoms appeared in biofilm, in direction to the end of the experiment. Succession rate
showed decline constantly after day 9 and epiphyton and zooplankton succession rates were correlated (r = 0.97, P<

0.001). Zooplankton individuals were also found in biofilm; Protist (mainly Ciliate) was found on epiphyton
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samples during all study time. Tecamoeba peak occurred on day 45 as well Rotifera eggs reinforcing the bottom-up

relations between producers and predators.

For the algae taxa, six life-forms and four GALD (the largest linear dimension axis) were classified in this
study, whereas the zooplankton taxa were organized into the zooplankton groups and the GALD of particules that
they are able to ingest (Table 3). We do not use day 6 on ordination analysis because of the monodominance of
phytoflagellate acted as outlier. Gradient analysis (CCA) explained 73.0% of the variance for the first two axes (P=
0.02) clearly separating early phase of succession (until day 15) from succession advanced phase. Nutrients
available in water formed a gradient whereas TN was related to early phase (r = 0.61, axis 1) and TP (r = -0.56, axis
1; r =-0.59, axis 2) with the high precipitation on day 20 (r = -0.40, axis 1). Community answered to this gradient;
succession began with loosely attached algae (I-L, r = 0.70; axis 1 and IlI-L, r = -0.65; IV-L, r =-0.77 axis 2) and
small filamentous life-form (11-F, r = 0.47 axis 1); after day 12, prostrate diatoms increased in biomass (I1-P, r =
0.46 axis 1 and I11-P, r = -0.81 axis 2). Small ciliates was more abundant on day 12 (I-CIL, r = -0.83 axis 2). Large
prostrate diatoms (IV-P, r =-0.79 axis 1, r = -0.55 axis 2) were resistant and resilient to the disturbance which were
strongly correlated with precipitation (r = 0.90, P = 0.002) and wind (r = 0.83, P = 0.011). Small erect life-form (11-
E, r =-0.80 axis 1) and Tecamoeba (II-TECA, r = -0.54 axis 2) were also favored by disturbance. Day 30 was
characterized by dry weather, high temperature and moderate wind (< 7 ms™) causing loss in biomass favoring small
filamentous algae (trichomes of Cyanobacteria) and dominance of phytoflagellates. Advanced phase of succession
(wind, 15 ms™ and low precipitation, 1.7 mm) was driven for high transparency (r = -0.77) and chlorophyll a (r = -
0.41) in axis 1 whereas motile diatoms increased in biomass (I111-M, r = -0.84) on day 45 and 60 (IV-M, r = -0.46) as
well erect diatoms (IV-E, r = -0.80) and filamentous life-form (I\V-F, r = -0.86) related to the biggest zooplankton

size class as Cladoceran (IV-CLADO, r = 0.52), Copepods (IV-COPE, r =0.47) and Rotifera (IV-ROTI, r = 0.41).

Large filamentous life-forms and small motile diatoms were favored with larger Secchi depth (r =0.77, P =
0.024; r =0.085, P = 0.007; respectively). Large motile diatoms were correlated to availability of TP in biofilm (r =
0.095, P< 0.001) also favoring zooplankton density (r = 0.84, P = 0.008). Moreover, Rotifera (111-ROTI) was
favored with increases with filamentous Cyanobacteria (11-F; r = 0.78, P = 0.022) and small loosely attached

Chlorophyceae (II-L; r = 0.82, P = 0.011). Ciliate (11-CIL) was also correlated to filamentous Cyanobacteria (I1-F; r
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=0.89, P = 0.003). Erect life-form did not vary in time. Precipitation and wind were responsible TP inputs favoring
adnate and/or prostrate life-form (r = 0.72, P = 0.040) which rapidly increases in biomass (r = 0.72, P = 0.043). The
community composition subsequently changed, with an increase and persistence of diatoms on advanced phase,

dominated by tightly attached and motile diatoms, and also with increases in loosely attached and filamentous algae.

Discussion

Disturbance is the main factor driving epiphyton succession and stabilization

In Mangueira Lake, the early stage of succession was observed during the first two weeks and loosely
attached algae (unicellular green algae, desmids and flagellate algae) showed to be efficient pioneering colonizers,
which are commonly reported in tropical reservoirs during early colonization (Ferragut & Bicudo, 2012; Pellegrini
& Ferragut, 2012; Rodrigues dos Santos & Ferragut, 2013). Although for temperate environment, small adnate or
erect diatoms are known to start the colonization (Hoagland et al., 1982, Stevenson, 1996; Acs et al. 2007, in
laboratory conditions). Surface colonization always began with a nutrient ‘conditioning film’ (Acs et al., 2007) due
organic matter and bacterial activities (Carrias et al., 2002) and our explanatory hypothesis is that mucilaginous
biofilm could favor the adhesion of loosely attached algae after cells settlement. Together with the stabilization of
the water due macrophyte bank (Jeppesen et al., 1998) guarantee the success of this life-form as pioneers under
intense wind action in Mangueira Lake. The community composition subsequently changed, with an increase and
persistence of diatoms and filamentous algae on advanced phase, as expected (Hoagland et al., 1982; Biggs et al.,

1996; Szlauer-Lukaszewska, 2007).

In the present study, we recognized that summer storm, as on day 20, are natural disturbance that drove
epiphyton succession whereas tightly attached life-forms, as adnate and/or prostrate (Epithemia spp) and erect life-
form were resistant during disturbance. Schneck & Melo (2012) evaluating the resistance and resilience of
organisms in a lotic environment, also found that adnate and/or prostrate taxa (including Epithemia) were more
resistant to disturbance. These groups primary formed by diatoms have specialized structures for tightly adhering to
the substrate (Peterson & Stevenson, 1992) which are flexible enough to tolerate wave action (Lowe, 1996). The

ability of resistance to disturbances defines algal persistence (Stevenson, 1996). Community composition in
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Mangueira Lake was consistent with Lowe's (1996) observation that epiphytic communities in the eulittoral zone are
dominated by tightly attached algae in the presence of regular high-energy. As observed by Acs & Kiss (1993) for
lotic environment, under constant disturbance algae showed to be accommodate to some disturbance levels. Effects
of disturbance was also observed to zooplankton, which during disturbances on day 20 community was substantially

reduced in biomass with dominance in small forms as tecamoebas, organisms suspended from sediment.

When wind disturbance was strongly reduced (as observed on days 6 and 30) in frequency and intensity (<
7m s together with high temperatures, community richness and diversity decreased. Once Mangueira Lake is
under strong wind forces during this summer, their reduction could act as intermediate quiescence, based on the
mean of the system (15 m s™). Following Connell’s (1978), the absence of disturbance causes competitive exclusion
and reduces diversity to minimal levels whereas decrease in biomass (phytoplankton). Diversity and richness
increased when wind velocities was under the mean for the system and epiphytic community became resilient 15
days after disturbance when species tended to return to pre-disturbance patterns of heterogeneity (Fraterrigo et al.,
2008). Wind velocity, lower and above the means found for the system, could be considered as disturbance for

attached community during succession process, once influenced community structure, richness and diversity.

Mangueira Lake was under N-limiting conditions and epiphyton was also identified as N limited
community. Nutrient limitation could be related to phytoplankton growing rates in spring induced by warming,
leading to nutrient limitation in summer (Fragoso Jr. et al, 2011). This conditions favored Epithemia a known N-
fixing diatom (Deyoe et al., 1992). Nitrogen limited environment is common to present N-fixing algal proliferations,
as Epithemia in temperate rivers (as well Cyanobacteria); moreover, when consumed by grazer or while decompose,
they can also become N source for the environment (Power et al., 2009). TP concentrations in water were high
consistent to eutrophic state contrasting with historical oligo-mesotrophic conditions. On the other hand, we found
that TP increases in water were strongly correlated with disturbance, once water TP can rapidly increases during
strong wind periods in shallow lake (Zhu et al., 2005). As a wind-exposed shallow lake, Mangueira Lake is under
complete vertical mixture and seiches can transport materials (Fragoso Jr. et al, 2011), so nutrient pool is common
for costal shallow lakes in southern Brazil due sediment suspension driven by wind hydrodynamics (Cardoso &

Motta Marques, 2009).
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We found low correlations of littoral community with local water; however TP biofilm was strongly related
to TP inputs in water due disturbance caused by summer storm. TP in biofilm also increased with succession time;
the accumulation of TP in biofilm is well known (McCormick et al., 2001) and favored diatom biomass.
Allochthonous detritus can influence nutrient ratios due to terrestrial and atmospheric inputs (Hillebrand & Sommer,

1999), but diatom biomass is known to increase with TP (Liboriussen & Jeppesen, 2006).

As observed by Rimet et al (2015) in Lake Geneva, water chemistry in littoral zone change faster than
pelagic chemistry. Lake Geneva is a large lake but deeper than Mangueira Lake, although presented similar wind
dynamics dominated by north-east wind. As observed by them, littoral zone are exposed to wind and waves action
whereas chemical and biological compartments are created; those zones which are not protected from disturbance
was dominated by diatoms adapted to turbulent environment (pioneer life-form) masking the effects of nutrients
changes. In a previous study conducted during summers in Mangueira Lake, we also found that wind dynamics is a
main force that regulates littoral zone dynamics and their attached communities, and diatoms in South area are
dominated by pioneer life-form more related to wind disturbance than to wind-driven nutrient gradient (Faria et al.,
2015). On the present study, correlations showed that increases in biomass (adnate and/or prostrate life-form after
storm) were related both to wind and precipitation. So we noted that during succession process in a macrophyte bank
was possible to identify some life-forms responding to nutrient inputs in water chemistry due disturbance better than
a steady-state community, which was dominated by a pioneer and tolerant life-form adapted to disturbance

condition.
Epiphyton was a productive community and sustains bottom-up zooplankton control

Epiphyton revealed to be a productive community and our results are in agreement with studies showing
that the food-web in Mangueira Lake is sustained by autochthonous carbon from macrophytes and epiphyton
(Rodrigues et al., 2014) reinforcing the importance of epiphyton for lake production (Liboriussen & Jeppesen, 2003;
Vadeboncoeur et al., 2008). Indeed, macrophytes as non-inert substrates can be a significant C source for epiphyton,
furnishing to the biofilm metabolites such as calcium carbonate (Burkholder & Wetzel, 1989). Besides that, living
substrates could favor epiphyton colonization (Pip & Robinson, 1984) and also great contributing to carbon

production (e.g. 1770 g m?year, Villar et al., 1996). Moreover high TP concentration in southern part of the lake is
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clear water, and production was superior that found for eutrophic lakes, which usually presents turbid waters (e.g.

1279 mg C m?, Liboriussen & Jeppensen, 2003).

Autochthonous process and light regulated primary production whereas maximum production value was
coincident with heterogeneous community. Peak of phytoflagellates, as we registered on day 6, is also known to
contribute to production (lImavirta, 1988; Stoecker et al., 2000; Mariazziet al.,1991). High production was also
noted due abundance of green algae and desmids under high PAR (1806 pmol m™s ™). Studies showed that green
algae and diatoms are favored in high light regimes (Wall & Briand, 1979) and some diatoms present chromatic
adaptation responding to light spectral distributions favoring algal growth (Wallen & Geen, 1971; Seiji &
Gianesella-Galvao, 1991). In our controlled condition summer radiation was high during all study (1326+438 pmol
m?2s ™). Liboriussen & Jeppesen (2003) showed that photosynthesis saturation happened between 100—400 pmol m™
s ! radiation can negatively affect phytoplankton Chl a (PAR 600—1000 umol m™s ™), increasing at PAR values
below it (Collos et al., 1992). However, in Mangueira Lake, shading from macrophytes (Liboriussen & Jeppesen,
2003) could attenuate light levels, favoring epiphyton production in situ and yielding increasing results from those

of the present study.

Small-sized forms of microzooplankton as ciliate and small rotifers were dominant during all succession.
As observed by Agasild et al. (2007) those groups could promote strong grazing impact on the small algae (5-15
pum) also acting as important food resource for copepods (Bundy et al., 2005). Adnate/prostrate algae increased with
grazing and this could be explained because predators prefer loosely attached diatoms due the facility of gather
(Peterson, 1987). In Mangueira Lake, the significant correlations between epiphyton and zooplankton communities
could indicate not only top-down regulations of epiphyton by zooplankton, but also bottom-up regulation of
zooplankton by epiphyton (Chen et al., 1997). Top-down theories which phytoplankton are controlled by
zooplankton is largely studied (Sommer et al., 2003; Sommer & Sommer, 2006), however epiphyton and
zooplankton relations still a lack. Fragoso Jr. et al. (2011) revealed that phytoplankton on summer are limited by low
N supplies and the zooplankton grazing are limited by this light -and temperature-driven phytoplankton demand, so
epiphyton could act as carbon resource for them. Kluijver et al. (2015) showed that macrophytes and associated

community great subsides carbon for zooplankton improving cascading effects of planktonic food-webs. Biofilm
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removal by zooplankton feed preferences could favor community due light entrance, nutrients recycling or favoring

the settlement of other species in the epiphyton increasing richness and diversity.

Our data reinforce the importance of epiphytic community in subtropical shallow lakes food-webs which
could supply substantial amounts of carbon during summer and act as a quality food resource for zooplankton.
Moreover, recent study on relation between phytoplankton and zooplankton (Rosa, 2015) in Mangueira Lake as well
as the phytoplankton composition and biomass (Crossetti et al., 2014) showed that diatoms were not dominant in the
plankton making zooplankton look for another sources of food as bacterioplankton or epiphyton. Because that,
Copepods and Cladocerans (macrozooplankton) increased in water when diatoms biomass increased in the end of

succession.
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Figure captions

Fig.1 Ordination analysis of environmental data on the littoral zone during study time in summer 2012. For the

legend, see Table 1.

Fig. 2 Variation of chlorophyll a (Chla), pheopigments (Pheo), PP :Chl a, solar radiation (PAR) and biomass of

epiphytic algae succession during study time in summer 2012.

Fig. 3 Epiphyton and zooplankton data during study time in summer 2012. Biomass, total density (TD), diversity
(H”) and Richness as taxa number (R). Legend: BAC (Bacillariophyceae), CY A (Cyanobacteria), ZYG

(Zygnemaphyceae), CHL (Chlorophyceae), PROTI (Protist), ROTI (Rotifera), CLADO (Cladoceran), COPE

(Copepod).

Fig. 4 CCA of biotic data using algal life-forms biomass and zooplankton groups biomass, related with

environmental variables. Legend for water (w) variables, see Table 1; for algae and zooplankton, see Table 3.
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Table 1 — Environmental data (SD - standard deviation and CV - coefficient of variation) on the littoral zone during

study time in summer 2012.

Variables

Code

Mean (xSD); CV%

Chlorophyll a (mg L)
Pheophytin (mg L™)
Nitrate (mg L™)
Ammonia (mg L™)

Total nitrogen (mg L™)
Orthophosphate (mgL™)
Total phosphorus (mg L™)
N:P molar ratio

Secchi depth (cm)

Water temperature (°C)
Conductivity (mScm™)
Dissolved oxygen (mg L™)
pH

Precipitation (mm)

Wind velocity (m s™)

Chla
Pheo
NO3
NH3
TN
PO4
TP
N:P
Secchi
Temp
Cond
DO
pH
mm

wind

3.53+1.32; 37%
0.6+0.7; 111%
0.05+ 0.002; 6%
0.04+0.01; 20%
0.38+0.08; 20%
0.004+0.009; 19%
0.29+0.07; 23%
7+3; 42%
76.33+10.33; 14%
23.91+1.78; 7%
0.41+0.08; 18%
8.10+0.40; 5%
8.62+0.10; 1%
2.94+7.89; 268%
15.06+5.83; 39%
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Table 2- Nutrient content, Chlorophyll a and primary production of epiphyton during succession (n=9) and biomass,
richness and diversity (SD - standard deviation) of principal algae groups in epiphyton and zooplankton community

during study time in summer 2012.

Biofilm content Meanzx SD
TN (mg m™) 2.5+0.4

TP (mg m?) 4.0£2.0

N : P molar ratio 4+1

Carbon uptake (mg C m? h™) 2348.3+3294.7
Chla (mg m™) 22.1+30.2
Pheo (mg m™) 17.3+9.5
Epiphyton Mean+ SD
Bacillariophyceae (10° pum™cm?) 4.69+4.50
Cyanobacteria (10° um™ cm) 0.01+0.02
Zygnemaphyceae (10°um®cm?)  2.45+2.22
Chlorophyceae (10° pm™ cm?) 0.01+0.01
Phytoflagellate (10° pm™ cm?) 0.01+0.02
Total biomass (10° um™ cm™) 6.50%5.20
Richness 40+15
Diversity (H’) 2.3£0.7
Zooplankton Mean+ SD
Protist (10°mg L™) 1.00+1.18
Rotifera (10°mg L™) 28.60+30.51
Cladoceran (10°mg L™?) 0.50+0.92
Copepod (10°mg L™) 6.52+9.73
Total biomass (10°mg L™) 36.66+38.11
Richness 24+5
Diversity (H’) 2.4+0.3




Table 3—-Algal life-forms and zooplankton groups related to the largest linear dimension axis (GALD).

Algal life-forms Taxa GALD Code
Erect or with mucilage Achnanthidium minutissimum, Rhoicosphaenia sp. I I-E
pads or tubes
Erect or with mucilage Fragilaria spp., Gomphonema spp., Ctenhophora v IV-E
pads or tubes pulchella, Cymbella spp, Synedra spp., Ulnaria spp.
Adnate and/or prostrate  Amphora spp. I 11-P
Adnate and/or prostrate  Cocconeis sp, Epithemia sorex, Amphora spp. Il I1-P
Adnate and/or prostrate  C. placentula, E. turgida v IV-P
Motile diatoms Nitzschia spp. Il 1-M
Motile diatoms Nitzschia spp. v IV-M
Filamentous Pseudanabaena mucicola, Nostocales I I-F
Filamentous P. galeata, Mougeotia sp. v IV-F
Loosely attached Scenedesmus ecorni, Synechococcus nidulans I I-L
Loosely attached Aphanothece stagnina, Crucigenia tetrapedia, I 1-L
Scenedesmus spp., Tetraedrum spp.
Loosely attached Aphanocapsa spp., A. smithii, Merismopedia Il I-L
tenuissima, Cosmarium subtumidum, Monoraphidium
spp.
Loosely attached Pediastrum tetras, A. delicatissima, Cosmarium cf v IV-L
subspeciosum
Phytoflagellate Unindentified phytoflagellate I I-Phy
Zooplankton groups Taxa GALD Code
Protist-Ciliate Unindentified, Vorticella sp., and Ciliate I I-CIL
Protist-Ciliate Codonella spp., Vorticella spp. I 1I-CIL
Protist-Tecamoeba Arcella spp., Centropyxis spp., cf. Corythion sp., cf I II-TECA
Curcubitella sp., Difflugia spp., cf Nebela spp., cf
Pontigulosia compressa
Protist-Tecamoeba A. polypora, Difflugia sp. Il 1i-
TECA
Microzooplankton- Anuraeopsis sp., Collotheca spp., Keratella spp., Il 111-ROTI
Rotifera Lecane spp., Lepadella sp., Paranuraeopsis sp.,
Polyartha sp., Pompholyx sp., Trichocerca spp.
Microzooplankton- Collotheca sp., Filinia longiseta, Hexartha sp., v IV-ROTI
Rotifera Ploessoma sp., Ptygura sp., Synchaeta sp., Trichocerca
spp.
Macrozooplankton- Bosmina longirostris, Bosminiopsis deitersii v V-
Cladoceran CLADO
Macrozooplankton- Copepodits, Nauplii v V-
Copepod COPE
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Wind-driving dynamics of epiphyton during winter in a large shallow lake
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Abstract: Shallow littoral zones are exposed to wind and hydrodynamics affects the development of attached
community. Mangueira Lake is a shallow lake under continuous wind influence ranging from oligo- to mesotrophic
conditions, and in this study we tested the response of the epiphyton to the wind dynamics (velocity and direction)
during cold-fronts (2013 Winter) in three different situations: Natural community, short-term succession in a
macrophyte bank and in an enclosure (protected from the wind). Natural community was dominated by an
assemblage formed by Epithemia spp and green filaments. Open experiment showed a rapidly colonization due
diatoms cells settlement; fluctuations on densities and richness were observed, however community became similar
to the natural community within 12 days of succession. Enclosure acted buffering wind forces delaying succession
derived by settlement of metaphytic cells and the succession only started after a huge disturbance (wind 10 ms™)
which leveled the enclosure water and the lake water. Dominance of diatoms was registered in all experiments. The
communities’ diversities responded to wind dynamics, whereas all experiments showed lower diversities when wind
velocity exceeded the system’s means (5 m s™). Epiphyton revealed to be resilient rapidly recovering after

disturbance and wind favored colonization.
Keywords: disturbance, natural substrata, periphyton, succession
Introduction

Algal successional process is characterized by species growing and replacement along community
development (McCormick & Stevenson, 1991) following a sequence defined on time and space reaching a mature
state (Biggs, 1996; Stevenson, 1996). The successional sequence is driven by a complex interaction of factors as

light, grazing, temperature and water chemistry (Patrick & Reimer, 1966; Stevenson, 1996), propagules and
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substrate availability (Hutchinson et al., 1975) and efficiency in resources competition (Ferragut & Bicudo, 2010)
responding to local conditions (Hoagland et al., 1982; McCormick & Stevenson, 1991). Different growth strategies
of species are evident during succession, whereas early successional species have fast reproductive rates and late
successional species are low immigration rates (McCormick & Stevenson, 1991). Recent studies showed that during
successional process growth forms change and are related to compete for the same resources (Passy, 2007; Kelly et
al., 2009). Attachment strategies can furnish reliable information about biofilm structure (Rimet & Bouchez, 2011)

and resistance and resilience of physical disturbances (Schneck & Melo, 2012).

Littoral zone of shallow lakes provides a great variability of substrata for algae development (Wetzel, 1990;
Lowe, 1996; Liboriussen & Jeppensen, 2006). At shallow depths, attached algae are exposed to wind action and
consequent wave action, water-level and high radiation (Cantonati & Lowe, 2014). Moreover, community also
suffers hardly changes responding to rains, watershed and river flows (Rimet et al., 2015). Shallow littoral zones
undergo waves generated by wind forces acting as a disturbance and driving algae communities (Cantonati & Lowe,
2014). Disturbance events are determinant of algal community structure (Peterson & Stevenson, 1992). Periphyton
in mature stages seems to be more resistant to disturbance (Zanon et al., 2013) however frequency and intensity of
disturbances can act like regulatory factors that can redirect the successional trajectory (Sommer et al., 1993).
Disturbance could affect attached community diversity (Acs & Kiss, 1993) and ability to recover after them will
depend of disturbance origin and intensity, as well as the propagules and refuges availability (Lake, 2000). For
streams, availability of refugia favoring recolonization could be used as a critical measure of resistance and

resilience (Lake, 2000).

Wind dynamics drives the changes in phytoplankton and zooplankton community in subtropical shallow
lake (Cardoso & Motta Marques, 2004; 2009). Continuous wind influence in Mangueira Lake results an intense
water circulation which communities’ distribution are driven by hydrodynamics (Cardoso et al., 2012) which
directly influences their physical and chemical properties (Scheffer, 1998). Central area of the lake acts as a
transitional point, whereas attached diatoms community assumes characteristics of the both extremes of the lake
(North and South) due wind dynamics (Faria et al., 2015). Wind action in littoral zone also showed to model

attached algae community selecting them by their adaptations (Faria et al., 2015; Rimet et al., 2015) and even with
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the stabilization of the water due macrophyte bank (Jeppesen et al., 1998) the effect of disturbances still remains
poorly understood, particularly in terms of establishment of equilibrium states and non-equilibrium theories

(Lengyel et al. 2014).

Previous study in southern area of Mangueira Lake showed that disturbance drives epiphyton successional
process during summer, whereas high wind velocity (15 m s™) and high precipitation (29 mm) favored tightly
attached diatoms (Faria et al., in prep). In this study our goal was to characterize the natural community in the center
area of Mangueira Lake and investigate how wind forces affect natural epiphytic community and epiphyton short-
term succession during winter 2013, in a period of cold-front, when wind changes from NE dominant to SWS
direction. We also hypothesized that wind models community structure and algae growth forms, and if intensity of
that disturbance affects diversity, resistance and resilience of community. We also aimed to test the effect of absence
(or strongly reduction) of wind disturbance in algae successional trajectory, by comparing succession in an
enclosure built for isolation of disturbance with a succession in natural environment, testing if the course of them

differs between experiments.
Material and Methods
Study area

Mangueira Lake is a shallow coastal lake located in southern Brazil on a narrow strip of land between the
Atlantic Ocean and Mirim Lake (Crossetti et al., 2013). The lake covers a large area (approximately 820 km?), 90
km long and 3—10 km wide, and the average depth is 3 m (Zmax = 6 m). The lake ranges from oligo to -mesotrophic
conditions and is under continuous wind influence, causing intense water mixture (Fragoso Jr et al., 2008), with

predominantly NE direction and SWS direction during cold-fronts (Cardoso et al., 2012).
Field and laboratory procedures

Wind, precipitation and air temperature data were obtained from Santa Vitoria do Palmar-RS
Meteorological Station (maintained by INMET, Meteorological National Institute) from July 12 (10 days before

sampling) to August 20 of 2013 three times per day (0 am, 12 pm and 6 pm) to describe the winter wind and
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precipitation patterns. We also used the wind data which was monitored by a RM Young Ultrasonic Wind Sensor
located on a structure maintained on the pelagic zone, in center area of the lake to evaluate the wind disturbance in

loco. This structure also holds an YSI 6600 probe by which were measured dissolved oxygen, pH and conductivity.

Water was sampled with plastic bottles (n=3), in littoral zone of center area of the lake (33°13'34.41"S;
52°52'8.51"W), that were stored frozen for nutrient (nitrogen and phosphorus series) and carbon analysis (day 24,
missing data). Carbon (dissolved inorganic carbon, DIC; dissolved organic carbon, DOC; total organic carbon,
TOC) and total nitrogen (TN) were analyzed using a total organic carbon analyzer (Shimadzu VCPH) and filters
GF-3 (MN), pore size 0.2 um. Ammonia (NH3) and total phosphorus (TP), followed Mackereth et al. (1989) and
orthophosphate (PO4) were provided by chromatography (Metrohm 881). In addition to measurements, TN and TP
molar ratios were calculated. Water and epiphyton chlorophyll (Chl a) and pheophytin (Pheo) were extracted from
GF/F filters in 90% ethanol (Jespersen and Christoffersen, 1987) and measured by spectrophotometry (APHA,

2005).

We conducted the study in situ in the littoral zone (West edge) in central part of the lake over 30 days in
winter 2013 (from July 22 to August 20) comparing three different conditions: two epiphyton short-term succession
process under different wind influence and a natural community. For that, we chose a large bank of Schenoplectus
californicus L. in the littoral zone. For successional experiments, we randomly choose 200 leaves of macrophytes
(100 leaves for each successional experiment, sub-divide in three replicates distant 2—5 m) and carefully cleaned
them with a soft sponge to remove the preexistent biofilm. We marked the top of the leaves with adhesive tape for
identification. The experiment named as “Enclosure” occurred on an aquatic mesocosm (polyethylene enclosure, £7
length and +2 m width) developed for isolation of winds and waves disturbance. The other experiment was named as
“Open” whereas the successional process occurred on natural environment, near to the “Natural” experiment, which
was the experiment that we sampled the preexistent community growing on littoral zone, without clean the biofilm.
We also sampled epiphyton in the same day of the successional experiment’s implementation (from Natural
experiment), and call them as “day one”, thus we could monitory the influence of disturbances in natural epiphyton

community.
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Sampling (n=3 for each experiment) was performed at each 3 days of interval during 30 days. Except by a
strong precipitation occurred on day 12, and water invaded the enclosure, so we also sampled all experiments on day
13 aiming to verify the influence of that precipitation on the experiments. For samples conservation, the biofilms
were removed from the substrate with toothbrushes, fixed in Lugol 5% for quantitative analysis and stored frozen
for pigments and ash free dry mass (AFDM) analysis (APHA, 2005). Samples from day 3, 9 and 15 of Natural and

day 3 of Open experiment are missing data.

Algae were identified and counted according to Utermohl’s (1958) method which yields 90% counting
efficiency (Pappas & Stoermer, 1996). Species diversity (H’) was calculated as the Shannon-Wiener index. We also
classified taxa (total density > 1%, according to Lavoie et al., 2009) into five categories of life-forms (modified from
Berthon et al., 2011; Schneck & Melo, 2012; Rimet & Bouchez, 2012; Rimet et al., 2015) being “erect/mucilage
stalks” that were diatoms attached by mucilage pads or stalks growing perpendicular to the substrata
(Achnanthidium, Ctenophora, Fragilaria, Gomphonema, Rhoicosphaenia, Ulnaria), “adnate/prostrate” were
diatoms attached by pads and growing parallel to substrata (Cocconeis, Epithemia, Rhopalodia), “Motile diatoms”
(Navicula, Nitzschia), Filamentous” were the filamentous Chlorophyta, Cyanobacteria and diatoms forming chains
(Achnanthidium catenatum, Staurosirella, Melosira, Heteroleibleinia, Mougeotia, Spirogyra, Oedogonium) and
“Metaphyton” (Aphanocapsa, Pseudanabaena, Synechococcus, Chlorella, Monoraphidium, Cosmarium,
Chlamydomonas, unidentified Chrysophyceae and unidentified Chroococcales). In the case of Epithemia and
Rhopalodia which are commonly known as epiphytic both in macrophytes and filamentous algae but are also motile,
we choose to classify them as prostrate (attached by mucilage pads and parallel to substrate) (Schneck & Mello,

2012).

Data analyses

The succession rate of the community composition (c) was calculated according to the method of the sum
of differences (Lewis, 1978). T-tests of dependent samples were applied among days (on successional sequence) to
investigate the responses of community structure, life-forms and diversity to disturbances. Analysis of variance
(ANOVA) were performed using community attributes using the software Statistica 7.1 (StatSoft Inc. 2005),

followed by Tuckey HDS post-hoc tests for pairwise comparisons. We also performed correlation analyses (r-
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127  Pearson p<0.05) between the epiphyton community and environmental data (meteorological data and water data) to
128 identify relationships among them and explanatory variables to include in the subsequent multivariate analyses.
129 Ordination analyses were performed using the software PC-ORD version 6.08 for Windows (McCune and Mefford,
130 2011). PCA of water attributes was performed to reveal environmental changes over the course of the experiment.
131 PCA with biotic data was also performed aiming to select species based on the length of the eigenvector (r > 0.60
132 for the first two axis), to perform a RDA. The data were log x+1 transformed prior to ANOVA and multivariate

133  analysis.
134 Results
135 Environmental data

136 Winds from SWS-S predominated during 10 days before the beginning of experiment until day 14, with
137 some daily changes on days 7-10 (ENE-ESE). Southern winds also occurred on days, 19-20, 23-24 and 27 (Fig.1).
138 High daily changes on wind direction were noted, mainly with the output of cold front (13—14 day) whereas wind
139  ranged from WNW to E. During experiment, wind velocity was constant (4.9 + 1.9 m s™) peaking on day 23 (10 m
140 s™1) being also high on days 12, 19 and 24 (8 m s™) (Fig.1). High precipitation was registered on days 12 (23.2 mm),
141 13 (40.6 mm) and 18 (23.8 mm) (Fig.1). Temperatures ranged about 10.4+2.5 °C, pH was alkaline (8.4+0.10) and
142 water was oligohaline (0.31+0.05 mS cm™) with great availability of dissolved oxygen (10.3 mg L ™). Water was
143 oligo to -mesotrophic (TP, 0.04+0.02 mg L™), showing low TN:TP ratios from days 6—18 (TN:TP < 10) and high

144 rations from days 21— 30 (TN:TP >37).

145 Ordination analysis (PCA) was significant for the first two axis (58.83%; first axis 37.95%, p = 0.004)

146 grouping on positive side the days that were marked by low wind and no precipitation, being correlated with PO4 (r
147 =0.60) and DIC (r = 0.73) availability on water (Fig.2). Negative side of first axis revealed that high precipitation
148 registered on days 1213 increased nutrients and carbon availability in water (prec, r =-0.62; Si, r =-0.62; DOC, r =-
149 0.77; TOC, r =-0.80; TP, r =-0.82; TN, r =-0.91). Days 18 and 30 were marked by increase of temperature (r = -
150 0.47). Days with high wind velocity increased TSS (r = 0.52), NH4 (r = 0.74) and POC (r = 0.78) in water (second

151 axis).
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Biotic data

Natural community revealed that epiphyton was dominated by diatoms (>80% of total density). Control
sample (day 1) presented dominance of Epithemia sorex and E. turgida, green filaments (Mougeotia and
Oedogonium) and great densities of Melosira varians (Fig. 3); this assemblage characterized Center area in
Mangueira Lake, in a case of co-existence (r = 0.92, p <0.001) once diatoms can colonize those filaments, and both
contributed to ash free dry mass (AFDM) in epiphyton (r = 0.56, p = 0.002; r = 0.40, p = 0.0034; respectively) and
Chla(r=0.67, p<0.001; r = 0.57, p = 0.001). High wind velocity was registered after we sampled control
community (11 m s on day 1, and 10 m s™ day after), and total density (TD) strongly decreased on day 3 removing
filamentous algae. Community was composed by adnate/prostrate and erect/mucilage stalks diatoms showing low
TD until day 12. High rate of change revealed that high precipitation (23.2 mm) favored community also in density
and biomass (AFDM and Chl a) (Fig. 3). Richness on natural community showed +54 taxa during 30 days, and
peaks occurred on days 13 (83 species) and 21 (78 species), days with low winds (+3.8 m.s™). T-test for dependent
samples revealed that community changed between days 13—15 (T=-2.48, p=0.01) and 15-18 (T = 2.71, p = 0.008)
and it was related to the abruptly changes in wind velocity with the output of cold front and also in wind direction,
coming from the Northern-East quadrant (Fig. 1) favoring erect/mucilage stalks (Gomphonema spp, Fragilaria spp.,
Ulnaria spp, Ctenophora pulchella) and motile (Navicula spp., Nitzschia spp) diatoms and reduction on green
filaments and Epithemia spp which were recovered on day 27. Pheophytin peaked on day 21, with low wind (3.2
m.s™) and no precipitation. Subsequent days were marked by increases in Chl a due diatoms and richness mean was

maintained (54 taxa).

Enclosure experiment showed very low densities during beginning of succession (Fig. 3). First day was
dominated by flagellate algae (Chlamydophyceae and Crysophyceae) and metaphytic taxa as Monoraphidium spp,
Pseudanabaena galeata and Synechococcus nidulans (Fig. 3). After precipitation on day 12, water level increased
(0.4 m) and water invaded the enclosure. As a result, community showed a high rate of change (Fig. 3), increasing
richness (57 taxa). As natural community, enclosure also showed community changes in species between days
13-15 (T=-2.23, p=10.30) and 15-18 (T =-2.54, p = 0.01) due wind action (direction and velocity). Peak on

richness occurred on day 21 (60 taxa) decreasing thereafter between days 21-24 (N = 36, T = -2.46, p =0.01) also
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related to wind changes. Biomass (AFDM and Chl a) was low during all experiment and diatoms dominate the end

of succession also decreasing richness (19 taxa).

Open experiment showed more variability during succession process (Fig. 3). Community on day 3 was
very heterogeneous, with high abundance of Monoraphidium spp, Crysophyceae, Pseudanabaena galeata and
Synechococcus nidulans but also showing settlement of diatoms (Gomphonema spp, Fragilaria spp., Ulnaria spp,
Staurosirella spp, Navicula spp., Nitzschia spp and Ctenophora pulchella). Peak of richness occurred on day 6 (66
taxa). Species substitution were registered earlier than in the enclosure experiment, between days 6-9 (T=2.06, p =
0.04) when Epithemia spp started to grow. T-test for dependent samples showed that changes was also recorded
between days 9-12 (T = -2.06, p = 0.04) and 13-15 (T =-2.22, p = 0.03). Rate of change peaked on day 13 due
disturbance (prec 40.3 mm). Low total density and biomass were registered until day 18 which was marked by
increases in wind velocity (5.6 m.s™) and precipitation (23.8 mm) with increases in temperature (12.6 °C), and
community was dominated by Cyanobacteria, decreasing diversity (r = -0.62, p< 0.001); we also noted that small
snails appeared on the macrophytes. On day 24 another peak on wind velocity (8 m s™*) occurred and a dominance of
Chroococcales was registered improving total density (r = 0.63, p< 0.001) and biomass (AFDM r = 0.84, p<0.01;
Chlar=0.70, p< 0.001, Table 2). After that, community showed low richness (29 taxa) and was dominated by

diatoms and green filaments.

Disturbance caused by wind drove community changes (Fig. 4) and diversity was negatively correlated
with wind velocity (r = -0.45, p = 0.017). Diversity increased with wind velocity < 5 m s*; velocity higher than
system’s means decreased the diversity. Wind dynamic drove communities changes whereas in the Enclosure
experiment, T-test between diversity revealed different composition between days 12-13 (T = -11.88, p < 0.001),
when the water level increased and covered the enclosure, 13—15 (T =-19.04, p <0.001) and 15-18 (T =-8.03, p <
0.001). In the Open experiment, those influences were noted only in days 13—15 (T = -3.55, p < 0.001). Life-forms
revealed that adnate/ prostrate, motile diatoms and filamentous life-forms were higher on Natural and Open
experiments than Enclosure. T-test for dependent samples was also applied to them and only metaphyton life-form
proved to increase with disturbance (T = 5.23, p = 0.03). ANOVA was run between wind velocity higher and above

the mean (5 m s™) and only to metaphyton was significant (F = 4.46, p = 0.042).
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Sixteen species and the five life-forms were used to perform the Redundancy Analysis (RDA) with the
three experiments and the Day 1 community (Fig.5). RDA (36.7% of the variance explained for the first two axis)
grouped on positive side of first axis those samples related to the initial phase of succession (Enclosure, 3—15d and
Open, 3-9d) as well as samples from Natural community (6d —9d), all opposite to the nutrient negative quadrant.
Negative side of first axis showed that Day 1, or the control sample for the natural community, was characterized by
filamentous (r = -0.94) and adnate/prostrate diatoms (r = -0.91), and community was dominated by Mougeotia (r = -
0.78), Melosira varians (r = -0.88), Epithemia sorex (r = -0.88), E.turgida (r =-0.90) but also an erect diatom
Ulnaria ulna (r = -0.86). Open experiment presented this assemblage on the advanced phase of succession (days
27-30). Wind velocity (r = -0.23) and temperature (vector suppressed, r = -0.32, third axis) were related with day18
(r =-0.23) and to metaphyton increases (r = -0.70) which was also higher on initial phase of succession. After
disturbance on day 13 by the precipitation (40.6 mm), chlorophyll a (r = -0.50) and carbon (DOC, r =-0.52; TOC, =
-0.59) increased in water as well nitrogen (TN, r = -0.43; NH4,r = -0.45) and TSS (vector suppressed, r = -0.12).
Low wind velocity was registered on day 21 (r = -0.33, second axis), and related to dominance of erect/mucilage
stalks (Gomphonema spp [r = -0.89], [r = -0.63], [r = -0.55] and Ctenophora pulchella [r = -0.90]) and motile

diatoms (r = -0.85).

Discussion

Natural community was dominated by diatoms, mainly Epithemia sorex and E. turgida, that were enlaced
in large amounts of green filaments (mainly Mougeotia and Oedogonium) which was not dominant in microscopic
count due cell size and/or cell distribution in Utermohl camera, but forming gross masses in situ. E.sorex and E.
turgida often occurred together although Europe and knowing to be N-fixing diatom presenting nitrogen
endosymbionts (Deyoe et al., 1992). This genera was characteristically dominant in central area of Mangueira Lake,
as showed in our previous study but curiously occurred in high TN:TP ratios > 12 (Faria et al., 2015). Nutrients
concentration was low during winters due low watershed nutrient load (Fragoso Jr. et al., 2011), however
precipitation causes nutrient inputs and attached community in lakes can display substantially biomass changes with
nutrient levels changes (Vadeboncoeur et al,. 2001). Succession experiment in a Mediterranean river revealed

Rhopalodiaceae dominates under low N (7ug L") and changes in N availability favored non N-fixing taxa in
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epiphyton and their host development (Marks & Power, 2001; Power et al., 2009). In our study, we verified three
distinct periods with a nutrient gradient: (1) dominance of Epithemia spp under low N, (2) algal increases with
dominance of N-non fixing diatoms (erect and motile diatoms) under TN:TP> 37, and (3) a recover of Epithemia
densities when green filaments became to grow. TN led to faster algal growth (Murdock et al., 2011). An
explanation for Epithemia success Center are is (1) shading by the large amounts of green filaments once they are
adapted to extreme low light intensity (Mueller, 1999) and (2) following Burkholder et al. (1990), in mature biofilms
in P-poor environments, adnate algae are isolate from water nutrient source, and host plants and small animals
excretion can supply phosphate availability to epiphytes, decreasing biofilm TN:TP. This could guarantee the

success of Epithemia during high TN:TP periods.

Green filaments were abundant in all littoral zone during winter, and also colonized the Enclosure nets and
it has also been reported to clogging fishermen nets in Mangueira Lake. Green filaments as Mougeotia,
Oedogonium, Spirogyra were registered in high abundance on natural substrata in Everglades at low TP
concentrations (Vymazal et al). Tapolczai et al. (2014) reported Mougeotia blooms on phytoplankton community in
large and deep lakes occurring in meso-oligotrophic conditions (phosphorus < 20 pg L™) and especially in Lake
Geneva, wind forces could cause nutrient replenishment favoring the bloom. Smith (1983) concluded for temperate
lakes that TN:TP < 29:1 favored Cyanobacteria dominance and can proliferate in non-eutrophic rivers in winter
floods that reduce grazers, providing a window time before grazing populations recover (Power et al, 2008). In
Mangueira Lake the low TP could favored Mougeotia development once those filamentous algae is a great

competitor in low phosphorus conditions (Sommer, 1983).

Green filaments were not resistant to disturbance. Wind velocity and direction from NE-E, removed them
carrying biomasses to the lake margin causing filaments accumulation. Senescent cells could be dislodged by
mechanical forces (as wind) carrying with them other organisms as loosely attached ones. Disturbance was
responsible to increase metaphytic life-form in Open succession. This group is low resistant and resilient, and is
benefited by presence of refuges (Schnek & Mello, 2011; 2012). Metaphytic life-form was dominate by loosely
attached Cyanobacteria related to (1) increases in temperature, once planktonic Cyanobacteria showed to be

sensitive and favored during winter warming (He et al., 2015) and (2) changes in wind direction, because this group
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growed in epiphyton when wind came from NE-E direction, maybe dislocating pelagic community to littoral zone.
Moreover, Ferragut & Bicudo (2012) revealed that Cyanobacteria (S. nidulans and P. galeata as we found) are
favored by N addictions. We do not monitored grazers, however based in our observations on the field, snails
populations appeared after day 18. Attached community biomass is direct and indirect controlled by snails having a
negative effect on Chl a (Mahdy et al., 2015) as we observed on day 18. Filamentous algae have inferior food
quality being mechanically resistant to grazing (Roll et al., 2005). Thus an explanatory hypothesis is that grazers
could prefer the community with low densities of filaments, as in Open experiment. So, the epiphyton removal by
grazing could open space for settlement of cells, once biofilm need to be at a certain level of development for
planktonic algae be able to settle (Acs at al., 2007) and we do not registered the same response on Natural
community.

Life-forms as adnate/prostrate and erect/mucilage stalks are primarily formed by diatoms tightly adhering
to the substrate (Peterson & Stevenson, 1992), and as for lotic environments (Schneck & Melo, 2012) were resistant
life-forms, persisting after disturbance (Stevenson, 1996). We do not observed statistical differences among tightly
attached life-forms before and after disturbance. As observed for riverine periphyton under constant disturbance,
algae showed to be supple to some disturbance levels (Acs & Kiss, 1993), in this case, wind velocity. Diversity also
responded to wind dynamics: higher diversity was registered under mean wind velocity (5 m s™), tending to follow
intermediate disturbance hypothesis (Connell 1978), and reduced with higher wind velocity. However our data do
not agreed completely with the theory once low diversities were also registered during lower winds.

Enclosure buffered wind action acting as a barrier for substrata colonization, once early successional phase
was longer in the mesocosm. The early phase that was characterized by settlement and reproduction of ruderal
species (McCormink & Stevenson, 1991) predominate until day 18 of succession which are commonly reported in
tropical reservoirs during early colonization (Ferragut & Bicudo, 2012; Rodrigues dos Santos & Ferragut, 2013). We
believe that this early phase may last more if lake water hadn’t invaded the enclosure. The number of algae settling
on the substratum is increased by immigration and reproduction, and decreased by emigration, mortality and grazing
(Acs et al., 2007) and in our study, also by wind. Acs et al. (2007) in mesocosm experiment revealed that the
settlement of cells and the “undulation” between planktonic and benthic algae during succession initial phase varied

depending on physic-chemical conditions of biofilm and alga life-forms strategies from adherence. The time of the
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phases depended of the disturbance experienced (Szlauer-t.ukaszewska, 2007) and here, waves in macrophyte banks

improved succession by settlement of cells, and absence of them delayed the process.

For Natural community and Open experiment macrophyte banks acts as a refuge for epiphyton protecting
them from recurrent wind action and providing habitat heterogeneity (Jeppesen et al., 1998). Maybe this continuous
perturbation can indeed be understood as a steady condition that resulted to steady-state community (Chorus &
Schlag, 1993). Nevertheless, community suffered with strong winds and with turbulence during changes in wind
direction both affecting community structure favoring different assemblages of tightly attached diatoms. Moreover,
water circulation promoted by intermediate wind provided propagules for recolonization after huge losses due high
wind velocity. On Enclosure, we observed a case of recruitment incited by disturbance (Fraterrigo et al., 2008).
Disturbances caused community heterogeneity once species diversity could be conserved by local immigration
(Naselli-Flores et al., 2003). Epiphyton in Mangueira Lake showed high capacity to recover increasing community
resilience (Lake, 2000) and species tended to return to pre-disturbance patterns of heterogeneity (Fraterrigo et al.,

2008).
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Figure captions

Fig.1 Wind velocity (wind) and precipitation (prec) from ten days before the beginning of samplings (10d bs) and
during 30 days (d) of winter 2013 experiment. South winds are highlighted by the black lines with dominance of

WSW-S wind direction.

Fig. 2 Ordination analysis of environmental data on the littoral zone during 30 days (d) of winter 2013 experiment.

For the legend, see Table 1.

Fig. 3 Densities of principal algae groups in natural community (N), in the enclosure (E) and open (O) experiments
versus their community rate of change (rate) during days (d) of experiment, and ash free dry mass (AFDM),

Chlorophyll a (Chl a) and pheopigments (Pheo) (log x +1).

Fig. 4 Wind velocity relations with diversities among the natural community (N), enclosure (E) and open (O)

experiments (d, days). The double black line represents the wind mean for the period (5 m s).

Fig. 5 Redundancy Analysis showing epiphyton succession during 30 days (d) in littoral zone of Mangueira Lake.
Principal species and life-forms are showed on natural, enclosure and open experiments answering to environmental
data. For the water variables legend, see Table 1. For species: Acat (Achnanthidium catenata), Cocc (Cocconeis
placentula), Cpul (Ctenophora pulchella), Esox (Epithemia sorex), Etur (E. turgida), Gom1(Gomphonema

capitatum), Gom5 (G. parvulum), Gom6 (Gomphonema sp), Nitl (Nitzschia palea), Nav3 (Navicula complex), Sta2
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(Staurosirella complex), Syni (Synechococcus nidulans), Mvar (Melosira varians), Moug (Mougeotia), Rhop

(Rhopalodia gibba), Ulna (Ulnaria complex).
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Table 1 — Environmental data (SD - standard deviation and CV - coefficient of variation) on the littoral zone
during winter 2013 experiment (*data from Meteorological Station ** — amplitude of the data).

Variables Code Mean (£SD); CV%
Chlorophyll a (ug L™ Chla 5.2+2.6; 50%
Pheophytin (mg L™) Pheo 8.0+4.9; 62%
Ammonia (mg L ™) NH3 0.09+0.07; 77%
Total nitrogen (mg L) TN 0.51+0.15; 28%
Orthophosphate (mgL™) PO4 0.004£0.002; 49%
Total phosphorus (mg L™) TP 0.04+0.02; 48%
Silica (mg L™) Si 0.04+0.02; 52%
Total organic carbon (mg L™) TOC 8.45+1.89; 22%
Dissolved organic carbon (mg L™) DOC 6.91+1.81; 26%
Dissolved inorganic carbon (mg L) DIC 12.59+4.73; 37%
Particulate organic carbon (mg L) POC 1.54+0.68; 44%
Total suspended solids (mg L™) TSS 53.3+30.7; 57%
Temperature (°C) Temp 10.4+2.5; 24%
Conductivity (mS cm™) Cond 0.31+0.05; 1.8%
Dissolved oxygen (mg L™ DO 10.3£0.00; 0.2%
pH pH 8.4+0.10; 1%
Wind (m s™)* Wind 4.9+1.9

Wind direction (©)** WindDir  146-258 (mainly SWS)

78.5-281 (mainly NE-E)
Precipitation (mm)* Prec 8.8t£14.8
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Table 2 — Means + standard deviation (sd) of epiphyton attributes, principal algae classes and life forms and
analysis of variance (followed by Tuckey HDS post-hoc) among the three experiments (AFDM — ash free dry
mass, Chla — Chlorophyll a, TD — total density, H’- Shannon-Wienner diversity index, NS — No Significant).

Variable Meanzsd MS F p Pairwise
(df=2) comparison
Natural (N) Enclosure Open (O)
(E)

AFDM (mg cm™) 143.39+63.82 37.37+21.81 110.74+173.94 0.074 498 0015 E=N<O
Chl a (mg cm™) 1.99+1.11 2.60+3.46 3.16+4.31 0.012 0.17 0.842 NS
Richness 58+17 39+14 51+14 0.064 329 0.050 NS
H’ 2.59+0.44 2.55+0.42 2.21+0.86 0.009 1.04 0364 NS
TD (10° ind cm?) 6.21+9.29 0.62+0.82 5.38+8.08 2.72 435 0021 N=O>E
Diatoms (ind cm?)  2.69+1.66 0.55+0.75 2.07+£2.48 0.027 382 0033 N=O>E
Chlorophyta (ind 0.18+0.16 0.01+0.01 0.15+0.24 0.016 380 0033 N=O>E

-2
cm™®)
Cyanobacteria (ind  0.07+0.08 0.01+0.01 3.03+7.02 0.012 206 0.144 NS

-2
cm™) NS
Flagellate algae (ind  0.01+0.02 0.01+0.01 0.01+0.02 0.000 144 025 NS

2
cm™)
Life forms MS F p Pairwise

(df=2) comparison

Erect/mucilage 5.88+5.66 2.49+3.25 4.30+4.53 1.836 286 0.072 NS
stalks
Adnate/prostrate 15.03+16.51  3.27+5.33 11.07+12.81 4.605 6.44 0004 N=O>E
Motile diatoms 1.53+1.64 0.26+0.48 1.40+1.81 4.157 507 0012 N=O>E
Filamentous 5.92+6.32 1.66+2.31 8.37+12.80 2.962 388 0031 N=O>E
Metaphyton 1.15+1.16 0.30+0.32 25.46+64.45 1.44 2226 0.125 NS
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Considerac0es finais

Considero que as metas estabelecidas e que nortearam as hipdteses testadas nesta tese
foram alcancgadas, pois explicitaram a importancia de conhecer a composigéo e a estrutura da
comunidade de algas epifiticas na Lagoa Mangueira. Nesta pesquisa pioneira em lagoa
costeira, 0s estudos apresentados evidenciaram que o epifiton é regido pela hidrodindmica
corroborando com os estudos realizados para as demais comunidades bidticas do sistema. Os
disturbios causados pelo vento atuaram diretamente na estruturacdo da comunidade, uma vez
que as algas responderam a frequéncia e intensidade do distirbio vastamente discutida na
literatura, mas até entdo ndo aplicada para o sistema. O uso do mesocosmo mostrou através da
auséncia de disturbio que o vento é o norteador para o desenvolvimento e estruturacdo das
comunidades aderidas. O uso das formas de vida e também das guildas para as diatoméaceas ja

nos sugeria esta hipdtese, que conseguimos comprovar.

O epifiton também comprovou ser principal fornecedor de carbono para o sistema,
regulando o controle bottom-up do zooplancton. Este estudo confirma dados encontrados em
estudo anterior realizado por pesquisadores do grupo, que mostraram através de is6topos
estaveis a relacdo desta comunidade com a predacdo, uma vez que é uma comunidade rica
nutricionalmente quando comparada, por exemplo, ao fitoplancton da Lagoa Mangueira que €

dominado por Cianobactérias.

Por fim, este estudo ainda abre portas para novas investigacdes, pois alguns dos
resultados encontrados podem embasar e incentivar novas pesquisas quanto a autoecologia
das espécies, teorias ecologicas de estados de equilibrio, regulagdo bottom-up das algas e

relacfes com a produtividade das macrdfitas.



