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Study area image marked with a square showingesfugliea. A = Spillway -15
and the beginning of Reduced Outflow Stretch, Anel of Reduced Outflow
Stretch, B = hydroelectric dam, B’ = end of hydemttic dam, C = atrtificial
lake created by dam, D = river patch returns tonadiflow.

Satellite image of riparian forest, object of tetedy, a = 2005 (TO) riparian -15
plots figure and b = 2009 (T4) riparian forest shmyflow reduction and the
distance between forest with water after spillwaystruction. Plant sample
were plotted along the black belt (a).

Box-Plot representation to Kruskall-Wallis test distinct depths before -22
spillway construction (TO), one year after (T1l)datihree years after flow
reduction (T3) in a riparian forest in southern BraDashes = range, Bars =
interval between first and third quartile, squarenedian. Results detail on
Appendix 1.

Comparison of mortality/recruitment rates (A) andgvowth/ingrowth rates -23
(B) in species with 10 or more individuals in aan@an forest in southern
Brazil. Square = community net change, trianglespecies with positive
individuals net changes, circles = species withatieg individuals net
changes, blue diamond = species with individual clfeinges lower than
community and black diamond = species with indiaidunet changes lower
than community but with area basal net change highan community.
Species Legend in Table 5.

Number of individuals, basal area and cover vatuadn-stable species in a-28
Riparian Forest in southern Brazil, only those wli€hor more individuals (see
figure 4A and 4B) and only those species that s most changes in the
arboreal community.

“1A” Study area image with square showing plotsatamns. A = Spillway and -40
the beginning of Reduced Outflow Stretch, A’ = esfdReduced Outflow
Stretch, B = hydroeletric dam, B’ = end of hydratlee dam, C = artificial
lake created by dam, D = river patch returns tomabrflow. The square
llustrates the study area. “1B” Riparian foresttgesc stream (red), riverside
(blue) and distant to the shore (black) plotstdigere allocated along the
tracks.

DCA analysis based in species density per plot, rgmigparian plots in -44
southern Brazil. Blue circles are plots near toghere, black circles are plots
distant to the shore and red circles are plots reeatream. Schematic
representation is presented in Figure 1b.

Cluster analysis using Euclidian distance and waethod. Groups were -48
formed based in species annual dynamic rates (hprtaecruitment,
outgrowth and ingrowth), in a riparian in south&mazil. G1 = group 1; G2 =
group 2; G3 = group 3 and G4 = group 4.

Discriminant analysis based in species annual dimames (mortality, -49
recruitment, outgrowth and ingrowth) in a ripari@mest in southern Brazil.
Black triangle = group 1, Brown diamond = grouBAje circles = group 3;
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Green square = group 4; * = Cordieria sessisicfasnant analysis changes
this species from G4 to G1) and ** = Bauhinia urgel(discriminant analysis
changes this species from G3 to G2).

Location of three Dry Forest which were affecteddsgador Aguiar Complex -63
Dam, on Triangulo Mineiro, southern Brazil. Befatam construction these
forests were distant from water sources and nowoarghe artificial lake
margin.

“A” - Representation of upstream landscape chamgeswater proximity to -63
Dry Forest after dam construction. “B” - Plots stiee used to arboreal
community samples in three Dry Forests.

Summary of soil moisture changes occurred due natgin of dams. A and -66
C represents soil moisture on dry forests beforemmding and B and D
represents soil moisture after damming constructddn> B shows high
damming influences to soil moisture on dry seaslo@;soil moisture increase
after dams construction breaking the strength pfsélason. G D show low
damming influences to soil moisture on rainy seadbe increase in soil
moisture was less conclusive due rainfall variationthese periods. The
continuous line represents soil surface, vertidakh bars represents soil
samples sites, blue bars represents soil moistddteir thickness illustrates
soil moisture, then thicker bars represents moreemavailable on soil; 5m
and 15m represents the distance to the lakeshtee ddmming. After dam
influence, soil moisture increase mainly on dryseeaand mainly near to the
lakeshore. Soil moisture details were summarizedmpendix 4,5,6,7,8 and
9.

Location of three Dry Forest which were affecteddsgador Aguiar Complex -86
Dam, on Triangulo Mineiro, southern Brazil. Befatam construction these
forests were distant from water sources and nowoarghe artificial lake
margin.

“A” - Representation of upstream landscape chamgeswater proximity to -86
Dry Forest after dam construction. “B” - Plots stiee used to arboreal
community samples in three Dry Forests.

Comparison of recruitment/mortality (A and C) androwth/outgrowth rates -95
(B and D) in species with 20 or more individualsDry Forests in southern
Brazil. Blue circles = semideciduous forest specigeeen diamond =
deciduous forest 1 species; red diamond = decidfmrest 2 species; green
square are species with low dynamic rates evenOWT 2 period; close blue
circles = entire semideciduous forest; close giamond = entire deciduous
forest 1; close red diamond = entire deciduoussta?e dashed lines indicates
the entire community rates on TO-T2 period.

Number of individuals, basal area and cover vatu@dn-stable species in-96
three Dry Forests in southern Brazil, only thoséhvidO or more individuals
and only those species that represents most chamgethe arboreal
community.
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Location of three Dry Forest affected by Amador mguComplex Dam, in -128
Triangulo Mineiro, southern Brazil. Before dam cdouastion these forests
were distant from water sources and now are oafifecial lake margin.

“A” - Representation plots used to dynamic groupsegation. Control sites-129
were distant to dam effects, the T2-T4 was chosemepresent a normal
deciduous forest without dam influence. considerad water proximity to

Dry Forest after dam construction. “B” - Plots stiee used to arboreal
community samples in three Dry Forests.

Cluster analysis using Euclidian distance and waethod. Groups were-132
formed based in annual dynamic rates (mortalitgruiément, outgrowth and
ingrowth), in dry forests in southern Brazil. A =ealduous forest control
dynamic groups, B = deciduous forest dam affectgalachic groups, C =
semideciduous forest control dynamic groups, D mideciduous forest
dynamic groups.

Discriminant analysis based in species annual dimamtes (mortality, -134
recruitment, outgrowth and ingrowth) affected bymdan dry forests in
southern Brazil. A = deciduous dynamic groups,ggdare = negative group,
blue circles = positive group, green triangle =yvpositive group and black
diamond = unstable group. B = semideciduous dynamaaps, red square =
negative group, blue circles = stable group anakbidiamond = unstable

group.

Number of individuals, basal area and cover valuedynamic functional -138
groups directly affected by dam in Deciduous For@st B, C) and in
Semideciduous Forest (D, E, F) in southern BrakilB and C = deciduous
dynamic groups, red square = negative group, biwées = positive group,
green triangle = very positive group and black diach= unstable group. D, E
and F = semideciduous dynamic groups, red squamnegative group, blue
circles = stable group and black diamond = unstgimap.
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Kruskall wallis (K) and median test to soil moistuat three distinct depths34
(0-10 cm, 20-30 cm and 40-50 cm). Below trace avalpes and aboce “Z”
values; in a riparian forest affected by dam ortisewn Brazil.

Median values to soil moisture at three depthsq@h, 20-30 cm and 40-56
50 cm) along seasons near (5m) and distant (15nmetgshore. TO = before
damming, T1 = one year after damming and T3 = thezas after damming;

in a riparian forest affected by dam on southerazir

Arboreal species parameters to number of indivel@add basal area, aneb7
dynamics rates to all species with at least fivbviiduals in a riparian forest

in southern Brazil. NO = number of individuals i Tbefore water flow
reduction), D = number of dead trees, R = numbeeoifuits, N4 = number

of individuals in T4 (four years after water flowduction), BATO = basal
area in TO, BAD = basal area of dead individualsBR = decrement of
basal area, ICBA = increment of basal area, BARasabarea of recruits,
BAT4 = basal area in T4, M = mortality rate, O =tgrowth rate, R =
recruitment rate, | = Ingrowth rate.

Friedman soil moisture test results comparing tisa@®aple periods (TO, T1-76
and T3) for each year season to each soil depdleciduous forest 1. In bol

p < 0.05 and in italic p < 0.10. Always soil moiguwas larger before
damming (T1 and T3 periods). In “1” soil moisturasbigger only in T3.

Friedman soil moisture test results comparing tisa@®aple periods (TO, T1-77
and T3) for each year season to each soil depdleéiduous forest 2. In bol

p < 0.05 and in italic p < 0.10. Always soil moiguwvas bigger before
damming (T1 and T3 periods). In “1” soil moisturasssmaller on T1 and in
“2” soil moisture was bigger in T3.

Friedman soil moisture test results comparing tlsa@®aple periods (TO, T1-78
and T3) for each year season to each soil depsienmdeciduous forest. In
bol p < 0.05 and in italic p < 0.10. Always soil istare was bigger before
damming (T1 and T3 periods). In “1” moisture wagdar in T3 and “2”
moisture was bigger in T1.

Wilcoxon test comparing soil moisture samples r{ear) against far (15m)-79
to the lakeshore at season year to each by sdihdepleciduous forest 1. In
bold p < 0.05 and in italic p < 0.10. Soil moistuvas always bigger near to
the lakeshore.

Wilcoxon test comparing soil moisture samples r{éar) against far (15m)-80
to the lakeshore at season year to each by sdihdepleciduous forest 2. In
bold p < 0.05 and in italic p < 0.10. Soil moistuvas always bigger near to
the lakeshore.

Wilcoxon test comparing soil moisture samples r{ear) against far (15m)-81
to the lakeshore at season year to each by sothdepsemideciduous
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forestl. In bold p < 0.05 and in italic p < 0.1@ilSmoisture was always
bigger near to the lakeshore.

Tree species parameters and dynamic rates to adides Forest-110
(Deciduous Forest 1 — DF1) in southearn Brazil. ¥0before dam
construction, T2 = two years after damming, T4 erfgears after damming,

M = mortality, R = recruitment, O = outgrowth, lisgrowth. Only species
with less than 20 individuals are shown.

Tree species parameters and dynamic rates to adiders Forest-112
(Deciduous Forest 2 — DF2) in southearn Brazil. ¥0before dam
construction, T2 = two years after damming, T4 arfgears after damming,

M = mortality, R = recruitment, O = outgrowth, lirgrowth. Only species
with less than 20 individuals are shown.

Tree species parameters and dynamic rates to al8aduou Forest (SF) in-114
southearn Brazil. TO = before dam construction, F3awo years after
damming, T4 = four years after damming, M = motyalR = recruitment, O

= outgrowth, | = ingrowth. Only species with le$s 20 individuals are
shown.

Tree species turnover and net change to a Decidbotsst (Deciduous-117
Forest 1 - DF1) by descending order of overallai@nge in TO-T4 period,

in southeastern Brazil. Ind = individuals, BA = Bharea. Only species with
less than 20 individuals are shown.

Tree species turnover and net change to a Decidiotsst (Deciduous-119
Forest 2 — DF2) by descending order of overallamginge in TO-T4 period,

in southeastern Brazil. Ind = individuals, BA = Bharea. Only species with
less than 20 individuals are shown.

Tree species turnover and net change to a Semidr@dForest (SF) by-121
descending order of overall net change in TO-T4operin southeastern
Brazil. Ind = individuals, BA = Basal area. Onlyesges with less than 20
individuals are shown.



Introducéo Geral

Barragens séo construidas em rios por todo o placmh diversas finalidades: irrigacéo,
sedimentacéo, uso domeéstico e, principalmente gerde energia elétrica (Baxter 1977; Kaygusuz
2004; Evans et al. 2009). Contudo, geram dois probb basicos e graves para 0 ecossistema: a
jusante pode causar a reducdo na vazao de agudo dexetencdo das aguas do rio, e a montante
causa alagamento de uma extensa, literalmenterafogiiversos elementos da paisagem (Nilsson
& Bergreen 2000; Fearniside 2001). Para organiss@sseis, como as plantas, que sobrevivem ao
impacto inicial e passam a se situar as margensoda condicdo imposta pela barragem, sao
esperadas modifica¢des, principalmente devido gplsienmudanca na disponibilidade hidrica do
solo. Mesmo pequenas mudancas na disponibilidadeagim afetam o estabelecimento e
sobrevivéncia das espécies de plantas (Nilsson; M960z-Reinoso 2001; Stromberg 2001) e tem
seus efeitos notados por toda a comunidade, umgueas plantas sdo a base produtora para os
organismos terrestres (Loreau et al 2001).

Apesar de sua importancia, a maioria dos estudosrsmntra em ambientes frios, com foco
para arbustos, espécies herbaceas e gramineaso(Ngal. 1991; Toner & Keddy 1997; Dynesius
et al. 2004). Todavia, os trabalhos sobre os afelts barragens artificiais sobre as comunidades
arbdreas nos tropicos sédo incipientes. Tal fatméaradoxo, uma vez que a maioria das barragens
€ construida justamente nos ambientes tropicai® @uwal. 2007; Nilsson et al 2005), onde as
arvores detém a maior biomassa (Dixon 1994) e gdtinoipal componente vegetal da paisagem.
Dos poucos estudos existentes sobre esses efgitbha uma avaliacdo temporal das comunidades,
mas apenas comparagodes via cronosequencias deidadesmafetadas por barragens (Nilsson et al
2002, Dynesius et al 2005, Janson et al 2000).

O presente estudo iniciou-se como um dos Plan@odaole Ambiental (PCAs) obrigatorios
para o licenciamento das Usinas Hidrelétricas der€@ranco | e Il (atualmente UHEs Amador
Aguiar | e 1), no rio Araguari. A PCA consistiu Mdonitoramento dos Impactos sobre a vegetacéo
e foi implantado a partir do ano de 2004. Cincoasrde florestas foram escolhidas para o
monitoramento: quatro areas de florestas estasionaicalizadas na futura margem dos
reservatorios, e uma area de floresta ciliar doAraguari, localizada no futuro Trecho de Vazéo
Reduzida (TVR), a jusante da barragem da UHE AmAdarar I.

Nas areas de floresta estacional (trés deciduaisn@ semidecidual) foram alocadas 60
parcelas posicionadas a partir da futura margem msgrvatorios, abrangendo 200m de
comprimento paralelo a margem (10 parcelas de 20bOm) e as demais 50 parcelas foram
alocadas perpendicularmente a primeira faixa, aradg até 60m de distancia da futura margem.
Na floresta ciliar, as parcelas foram alocadasréirgla margem do rio, avangando até o limite da
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mata ciliar com as formacdes abertas ou com a tncBm todas as areas foram posicionados
pontos de monitoramento da umidade do solo enptodandidades.

As primeiras medidas sobre a estrutura da comuaiddabrea e da umidade do solo foram
feitas antes do enchimento dos reservatérios gittdrem o controle (TO) para o monitoramento.
As medidas posteriores na vegetacdo foram feitds @pis (T2) e quatro anos (T4) do enchimento
de cada reservatorio e para as variagcdes na umildasiglo o0 monitoramento foi feito apdés um ano
(T1) e trés anos (T3) do enchimento dos resenesOr©s resultados completos para o TO
encontram-se nos trabalhos de Siqueira et al (260I8a et al. (2009) e Rodrigues et al. (2010).

O presente estudo apresenta 0 monitoramento pateogomunidades arblreas sob impacto
recente de represamento: a floresta ciliar locd¢izao Trecho de Vazédo Reduzida, e trés florestas
estacionais que passaram a ficar proximas ao lifjoial gerado por barragens. Como foco, temos
a avaliagdo destas comunidades ao longo de quaisoa@os a construcdo da barragem, bem como
analisar mudancas no nivel de espécies. Por fistdooos relacionar as alteragbes ocorridas por
meio das analises de grupos de espécies com seneslitapostas a estes disturbios e, com isso,
buscar indicar o destino destas florestas e as teasequéncias das modificacées ocorridas.

Temos como hipotese central de que as mudancasidade do solo, mesmo em um curto
espaco de tempo para arvores (quatro anos), causdmasticas modificacdes na estrutura e
diversidade destas florestas, sendo esperadas taltas de dinamica, sobretudo devido ao
desfavorecimento de espécies especialistas (ebgsiaa saturacdo hidrica, no caso da floresta
ciliar sujeita a uma condi¢cdo de vazéo do rio rethyze especialistas de ambientes com déficit
hidrico, no caso das florestas estacionais) e éaumento de espécies generalistas quanto a
disponibilidade hidrica.

Ainda assim, cada capitulo apresentou hipotesegeaguntas especificas que acreditamos
auxiliar na compreensao e mitigagao dos impactasacos nestas florestas em futuras barragens
gue afetem, sobretudo, formacgdes florestais.
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Short term effects of reduced water flow in
riparian forest community
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Resumo: Efeitos no curto prazo da reducédo do fluxale &gua em comunidades florestais
ciliares

Florestas ciliares promovem diversos servi¢cos amtdig mas estao sujeitas a impactos antropicos.
Dentre os mais comuns estdo as constru¢cdes deggdasraBarragens provocam alagamento de
areas a montante da represa; porém, pode redflakoode agua a jusante, afetando diretamente as
formacdes ciliares no trecho de vazéao reduzida (TYJRsta forma, este estudo buscou evidenciar
0 quanto a umidade do solo de uma floresta qilcate diminuir no TVR e quais as influéncias
causadas pela reducéo no fluxo de agua sobre omanidade arborea de floresta ciliar. Temos
como hipétese que poucos anos sob o efeito dadedwgvazao de agua de um rio séo capazes de
alterar a estrutura de uma comunidade arboreazirethusua riqueza e diversidade. Foi realizado
um acompanhamento temporal da umidade do sold.(a PO-30 e 40-50cm de profundidade) e da
comunidade arborea (dindmica das arvores com di@nzetaltura do peito de 4.77cm) com
amostras antes e depois da reducdo do fluxo de dgui. Apds a construcdo da barragem a
umidade do solo foi reduzida, principalmente nagsi seca, a 0-10cm de profundidade, mas a
rigueza e diversidade ndo apresentaram variacdeslafassim, a estrutura da comunidade foi
afetada, com a reducdo no numero de arvores eeadasal, devido a alta mortalidade e queda de
troncos de arvores vivas, assim pode ser considezad “fase de degradacdo”. A dindmica da
comunidade apresentou taxas muito altas de marthid5.15% arnte perda em &rea basal
(5.65% and), demonstrando que a reducéo do fluxo de aguareetasa tem impacto forte e esta
modificando severamente a comunidade. Esta modi#iccdoi mais intensa no sub-bosque, mais
negativamente afetado pela reducdo na umidade ldonsosuperficie (0-10cm) onde espécies
generalistas estéo se estabelecendo melhor. Pdifénente de outros impactos, a reducao do fluxo
de &gua é um disturbio constante e duradouro, doifloresta deve continuar sofrendo alteracdes e
modificar sua fisionomia até se assemelhar estaimente e floristicamente a floresta estacional.
Consideramos assim o efeito da reducao do fluxd@gda como um impacto em larga escala, capaz

de degradar a floresta a ponto de alterar a esdrata fisionomia de uma floresta ciliar.

Palavras chave: dindmica, umidade do solo, mortalate, rotatividade

Key-words: dynamic, soil moisture, dams, mortality turnover
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Introduction

Riparian forests are associated and influencedvey systems. These sites belong to most
diverse, dynamic and complex terrestrial ecosystientise world (Naiman et al. 1993). A riparian
forest influences water quality (Hill 1996; ShabageHill 2010), contributes to regulation and
maintenance of biodiversity in landscagBynesius & Nilsson 1994) and provides a lot ofesth
environmental services. Tree roots keep soil cekeand reduce erosion (Hubble et al. 2010; Kiley
& Schneider 2005kediment runoff into rivers, and protect downstreagas from siltation (Guo et
al. 2007) Riparianforests are important pathways for plant dispefSaiman & Decamps 1997,
Nilsson & Berggren 2000), acting as corridors tanfa movements (Gundersen et al. 2@ as a
refuge to many vertebrate (Bagno & Marinho-Filhd@28, b; Marinho-Filho & Guimaraes 2001;
Palmer & Bennett 2006inainly during dry periods (Naiman & Decamps 1997), notyofdr
watering but also for fruit feeding. Despite itspiontance, riparian forests are being suppressed by
many anthropogenic activities and one of the mesastating is dams’ construction.

In the world, at least 900 thousand dams above higin (Avakyan & lakovleva 1998)
retains 15% of total annual river runoff (Gornit204d) and obstruct 60% of fresh water that flows
to oceans (Nilsson et al. 2005). These dams arertant to many human services but are also
associated with many environmental problems (Sadkdaragoz 1995), especially for riparian
systems. Many of these problems are related toriatel elevation. Habitat becomes fragmented
by water storage (Humborg et al. 1997; Jansson. €080; Nilsson & Berggren 2000) which
eventually kills many flora and fauna elements. THyerological flow patterns of entire rivers
change which could alter species richness and csitiquo (Jansson et al. 2000; Nilsson & Grelsson
1995; Nilsson et al. 1997The diversity of fish, for example, in these resé's declines drastically
and a few species high abundance dominate the (fearnside 2001, 2005; Joy & Death 2001)
Another important impact is greenhouse gas emigsi@inly methane) released by dead matter to
the reservoir surface whose, in some cases, carg [s#milar to those liberated by fossil fuel
(Fearnside 2002). Furthermore, the reservoir canddease incidence of diseases dependent of
vectors related to stagnant water (Fearnside 280Bnarées et al. 1997; Luz 1994).

Thus, many dam problems are well known or have Istéedied over the years. However,
some impacts in such constructions are poorly wtded and should be better studied. Most of
studies only comprise effects of water increasdraps of dam, neglecting water flow reduction
problems downstream, especially immediately aftew freduction. To the dam construction is
often necessary to divert the riverbed, reducingewiow channels (Dynesius & Nilsson 1994;
Nilsson & Berggren 2000) and depleting water talfM&rd 1998) Neverthelessthere are no
studies that show, with empirical data, how much swisture is reduced in these areas and
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implications to riparian systems. Riparian vegetais the guide to major changes in all other taxa
which live in terrestrial habitats associated wiikier, so monitoring riparian vegetation is
extremely important to understand effects of damalbmther organisms. Finally, few studies that
evaluate water flow reduction effects on riparisggetation occurs in cold and low biodiverse
environments (Nilsson et al. 1991; Nilsson & Grefs4995; Toner & Keddy 1997), but a large
number of dams for hydroelectric power productiavénbeen built in countries with high species
diversity (Nilsson et al. 2005).

Considering the numerous ventures that reduce \watglable to riparian forests, this work
aims to supply some information about downstreafaces on riparian forests, focus on arboreal
dynamics after flow regulation by a dam in CenBedzil. A spillway controls water flow, and then
a riparian forest, before near riverbed, is nowtd®0 meters away from river water. Whereas,
some works show the influence of water dischargewar associated plants (Minshall et al. 1985)
and the importance of soil moisture to speciesnesls and riparian cover in these riparian systems
(Ehleringer & Dawson 1992; Munoz-Reinoso 2001; Nain& Decamps 1997; Stromberg et al.
1996), we evaluated the soil moisture reductiorrifiarian forest after flow reduction and its
influence on riparian species and structure.

Our central hypothesis is that four years of w#ltaw reduction are sufficient to alter the
structure and floristic composition of an arboreeammunity. We compartmentalize our central
hypothesies into four hypotheses to better undaustiae final result: 1) The river remoteness, due
to water flow reduction, should affect ripariandst soil, significantly reducing the moisture in
layers up to 50cm depth; 2) This soil moisture otidm should be more severe in dry season
because rain in wet season should help maintaih nsoisture; if soil moisture reduction is
confirmed, 3) this will have negative effects onomg&owater associated species, reducing richness,
alpha diversity and evenness of arboreal ripati@iaf4) thus, net changes in riparian forest ball
negative with mortality and outgrowth rates beiaggér than recruitment and ingrowth rates, and

riparian forest would become less dense and suppa@inaller basal area.
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Material and Methods

This study was conducted in a riparian forest (leetw 18°47°40"S, 48°08'57"W and
18°47°51"S, 48°08'43"W) located in the Amador Agui2am influence aredor dam construction
part of river was diverted by a 27m spillway redgcthe flow over a 10km sector from December
2005. This river sector, where water flow was redijas called the “Reduced Outflow Stretch”
(Trecho de Vaz&do Reduzida — ROS Figure 1.1). Thievay reduced the water flow from 358
Y to 7nt.s™. Thus, riparian forest near the riverbed in 208§re 1.2A) is now about 10-50 meters
further away from the direct water influence (Figlr.2B). The average altitude is 595m with a low
slope. The climate is Aw (Koppen 1948) with a dipter (april to september) and a rainy summer
(october to march), with an average annual temperadf 22°C and average rainfall of around
1595 mm (Santos & Assuncéao 2006).

Brazil

N
25 100 Km AN

Figure 1.1 - Study area image marked with a sqehosving studied area. A = Spillway and the
beginning of Reduced Outflow Stretch, A’ = end addrced Outflow Stretch, B = hydroelectric

dam, B’ = end of hydroelectric dam, C = artificlake created by dam, D = river patch returns to
normal flow.

Figure 1.2 - Satellite image of riparian forestsmuthern Brazil, object of this study, a = 2005)(TO

riparian plots figure and b = 2009 (T4) ripariamefst showing flow reduction and the distance
between forest with water after spillway constrocti Plant sample were plotted along the black
belt (a).
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Soil - We carried out ten soil collections in riparifomest at three distinct depths: 0-10 cm, 20—
30cm and 40-50cm (total of 30 samples) along ther ¢orest. To verify the soil moisture variation
we calculate soil moisture based on EMBRAPA metlhaglio (EMBRAPA 1997). This separation
is important because we try to substantiate howewHbw reduction affects soil moisture at
different depths. Then, we repeated soil samplwaryethree months to cover middle and end of
rainy and dry seasons. We also repeated soil nmeistilections over three distinct years: before
the spillway construction (T0-2005), after (T1-2P@®hd during the third year of water flow
reduction (T3- 2008).

We performed some soil moisture analyses for theetlcollections times, TO, T1 and T3.
First to check the soil data normality we perforniéitiefors test, but soil data did not presented
normality. Then we used non-parametric Wilcoxast teith all soil moisture results collected (near
and far from shore together) over the years forthinee soil depths. To compare effects of flow
reduction on the seasons we performed a KruskallidV@ non parametric test for ANOVA)
analysis followed by a post-hoc median test. Aktsih analyses were performed in Systat 10.2

program (Wilkinson 2002).

Plant Sampling - The first inventory (TO) was carried out durithg 2005 year after rain season on
110 plots of 10x10m in riparian forest, at 0-10 nd 40-20 m of distance to the river. All trees
with a diameter at breast height (DBH) of 4.77cmiemagged with aluminum labels. The diameter
of stem was measured at 1.30 m from the groundiramdultiple stems all live tillers were also
measured at 1.30m. The first inventory of resukkseapublished by Rodrigues et al. (2010). Second
(T2) and third (T4) inventories were carried ouesrly 2008 and 2010, respectively two and four
years after spillway construction (occurred in ttecember of 2005). These sampling methods
followed the same procedure of first inventory. Newlividuals that met the inclusion criteria
(recruits) were measured and identified. Mortaligfers to standing dead trees, fallen trees or
individuals which were not found. We prepared tmew@tality distributions into classes of diameter
using class intervals with exponentially increasirenges of intervals of TO-T4. All the
reproductive botanical material were inserted ldarbarium Uberlandenseand the species
nomenclature and synonymies follow Missouri Botahic Garden web  site

(http://www.tropicos.org/).

Diversity and evenness We calculated two diversity indexes (Shannon-Véeand Simpson) to
measure to changes in diversity over three measmeperiods (TO-T2-T4). Use of more than one

diversity index is important because both are wideded in scientific studies but are not always
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published together. Shannon-Weaver is the most lpopindex and is widely used in
phytosociological and dynamic studies. Simpson goad measure of diversity because it only
varies between 0 (minimum diversity) and 1 (maximdiversity) which facilitates comparisons.
To compare changes in diversity we performed sizgisanalyses between the three periods for
each index. For Shannon we applied Hutchesort {fegcheson 1970), and to Simpson index we
followed the procedures suggested by Brower €t1808). We conducted a Wilcoxon test (a non-
parametric test equivalent to Student t test) betw€0-T2, T2-T4 and TO-T4 on the number of
individuals and basal area using plots as samplasevenness we performed the Pielou evenness
indices (Brower et al. 1998).

Dynamics rates - We based community dynamics on mortality, regoment, outgrowth and

ingrowth rates. Annual mortality (m) and recruitrhgn) were calculated in terms of annual
exponensial rates (Sheil et al. 1995 and Sheil &080). Outgrowth annual rates (o) refers to basa
areas of dead trees plus dead branch basal ardamgftrees (decrement) and ingrowth annual
rates (i) refers to basal areas of recruits plasvtr in basal area of surviving trees (increment).
Then we analyze mortality/recruitment rates andrangh/outgrowth annual rates of the most

representative species (minimum of 10 individuasinual rates formulas used were,
m =100 x {1-[(%p- nw) /ng]"};

r=[1-(1-wn)"]x 100}

0 = {1-[(BAy - BAn + BA))/BAY} x 100 and

i = {1- [1 — (BA, + BAy/BA]"} x 100

where R is the original number of trees; s number of deaths; is number of recruits;; s final
number of individuals; BAis original basal area; BAis basal area of dead trees; Bé basal area
of dead stems of living trees; B#s basal area of recruits; BAs growth basal area; BAs final
basal area and “t” is the time period between measents in years. However, to compare
community with studies which uses logarithmic moded performed the logarithmic model to “m”

and “r’ rates (see formulas in Condit et al. 1999).
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To evaluate changes in forest we computed turnoatexs for individuals and basal area

through mortality-recruitment rates and outgrowigrowth rates (Oliveira-Filho et al. 2007):
TN=(m+r)x2:
TBA=(0+i)x 2

where TN is individuals turnover and TBA is basedaturnover. Then we evaluated net change
(Korning & Balslev 1994) to individuals and baseta,

ChN = [(N\/No)*" - 1] x 100;
ChBA = [(BA/BA,)™" - 1] x 100

where ChN is individuals net change and ChBA isabasea net change and we develop an overall
net change based on average of ChN and ChBA rallethese analyses were conducted on each
species with at least 10 individuals. Finally weleated the species individuals, basal area, and
cover value (an average relative value betweemdhneber of individual and basal area) for species
with at least 10 individuals, focusing on unstabfeecies). However, due to large number of

species, we only reported on those species thegsepted greatest changes in the community.

Results

Soil Changes- Major significant differences between soil morstwccurred in middle of the dry
season at 0-10cm deep (Table 1.1). In this seasdrwas moister before flow reduction at 0-10cm,
but not at other depths (Table 1.1). At end of skgison a clear reduction in moisture after spillway

construction was perceptible at three depths onéyyear after flow reduction.
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Table 1.1. Wilcoxon test results (with “p “and “¥alues) for soil moisture in each season between
different soil depths. MR = middle rainy season, £Bnd rainy season, MD = middle dry season,
ED = end dry season, TO = before spillway consioa¢iT1l = one year after and T3 = three years
after flow reduction in a riparian forest in south®razil. In bold p < 0.05 and in italic p < 0.10.

0-10cm 20—-30cm 40-50cm
p\Z
values TO T1 T3 TO T1 T3 TO T1 T3
TO - 1.478 -0.866 - 0.663 -0.357 - 0.968 -0.153
MR |T1 0.139 - -2.090 0.508 - -0.663 0.333 - -0.764
T3 0.386 0.037 - 0.721 0.508 - 0.878 0.445 -
TO - 0.459 1.580 - -1.682 0.153 - -0.764 0.968
ER |T1 0.646 - 1.988 0.093 - 2.293 0.445 - 1.784
T3 0.114 0.047 - 0.878 0.022 - 0.333 0.074 -
TO - -2.803 -2.599 - -0.764 -1.682 - 0.153 -0.255
MD | T1 0.005 - -0.051 0.445 - -2.497 0.878 - -0.357
T3 0.009 0.959 - 0.093 0.013 - 0.799 0.721 -
TO - -2.599 -1.172 - -1.955 -1.580 - -2.073 -1.172
ED |T1 0.009 - 1.682 0.050 - 0.969 0.038 - 1.244
T3 0.241 0.093 - 0.114 0.333 - 0.241 0.214 -

In general, there were no significant differencetueen years. In all years, middle and end
of rainy season are obviously more moist (Figu® &t all three depths. However, middle of dry
season before dam construction was as humid astanasasons of that year (Figure 1.3).
Nevertheless, after dam construction and water fieduction of middle dry season became as dry
as the end of dry season. This effect was best dsnaded at 0-10cm depth (Figure 1.3 A),
probably because this depth was more river deperdan deeper soil layerashich may be more
subjected to moisture from groundwater. In othgeta (20-30cm and 40-50cm) test was not
significant; however, demonstrates a moisture reolidendency after dam construction (Figure
1.3 B, C). These results (Table 1.1) show thagtieeind surface was more affected by reduction in
water flow on river than deeper layers and becanee (Figure 1.3) after flow reduction which was

mainly evident in middle of dry season.

Floristic changes- After four years of water flow reduction thehiess in riparian forest varied
little (92 in TO and T2, and 93 in T4). Two specresre found in TO and T2{achaerium villosum
andRudgea virburnoidgsrepresented by a single tree, but these indivedware killed throughout

T2-T4. Otherwise, three new species were registesiéd single trees through T2-T€homelia
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sericea Eugenia involucrataandLonchocarpusultratus As well as richness, diversity seems not
to have been affected even four years after fladucton, neither in number of individuals either
for basal area (Table 1.2). Also there was no cham@venness in number of individuals, although

a reduction in basal area evenness after four ygatamming is perceptible (Table 1.2).

Table 1.2 - Diversity indexes (with respective sessults) and evenness for number of individuals

and basal area in a riparian forest in southerziBiifferent letters indicate significant variati
between times.

Number of individuals Basal area
TO T2 T4 TO T2 T4
Absolute values 1405 1369 1288 45.60 44.75 44.21
Shannon Index (H) 3.659a 3.714a 3.685a  3.253a 3.273a 3.144a
Simpson Index (1-D) 0.955a0.959a 0.960a 0.955a 0.953a 0.939a
Pielou Evenness 0.807 0.819 0.809 0.717 0.722 0.690

Structure changes- There was a reduction in number of individuatsl dasal area between the
years evaluated (Table 1.3). For number of indiaisluhere was a clear reduction four years after
water spillway construction (4.05%) and marginatgtically significant difference after first two
years (2.56%, Table 1.3). However, to basal ardéatbe periods TO-T2 (loss of 1.86%) and TO-T4
(loss of 3.04%, Table 1.3) presented differencas was marginally statistically significant. These
decreases are mainly due to high mortality (268siyeand lower recruitment (151) along four
measurement years (Table 1.4). Despite of the iniglement (7.68in four years), high mortality
added to strong loss of stems provided a greassritobasal area than gain (Table 1.4). Analysis of
mortality by diameter classes demonstrates a higiatality in two first classes (4.77cm until
9.9cm and 10cm until 19.9cm), with 131 and 95 deaels respectively. The third class (20cm until
39.9cm) and fourth class (higher than 40cm of diemeonly presented 29 and 14 respectively.
These results demonstrated that smaller trees Igsntfzhn 20cm of diameter) were most negatively
affected by disturbance, representing 84% of desstin this riparian forest.

Table 1.3 - Wilcoxon test between basal areas eénplots in TO, T2, T4 in a riparian forest in
southern Brazil. In bold p < 0.05 and in italic 40

Number of individuals (p\Z) Basal area (p\2)
Years TO T2 T4 TO T2 T4
TO - -3.655 -3.500 - 1.048 1.601
T2 0.096 - -1.664 0.092 - 1.873

T4 0.001 0.001 - 0.100 0.295 -
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Table 1.4 - Dynamics parameters in four years ofew#ow reduction in a riparian forest in
southern Brazil. N = number of individuals, BA =shharea)

Parameters TO-T2 T2-T4 TO-T4
Mortality (N) 125 143 268
Recruitment (N) 89 62 151
Mortality (m?) 280 3.26 6.07
Recruitment () 0.22 0.17 0.39
Decrement (1) 1.82 157 3.39
Increment () 355 413 7.68
Mortality rate (% and) 455 535 5.5
Recruitment rate (% aff 326 244 3.06
Outgrowth rate (% ant) 520 555 5.65
Ingrowth rate (% and) 430 499 4091
Turnover (N) (% and) 391 390 4.11
Turnover (BA) (% and) 475 510 5.28
Individuals net change (N) (% afp -1.29 -3.00 -2.15

Basal area net change (BA) (% @ho -0.94 -0.61 -0.77
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Dynamic rates- Tree dynamics presented higher mortality rates recruitment (Table 1.4). The
same occurred between outgrowth and ingrowth amates, especially due low recruits basal areas
and due high mortality and basal area loss by tne#gsdead stems. All these rates reveal a faster
tree dynamic community than other riparian andit@forests, represented by high turnover rates
of number of individuals and basal area (Table.1At)the same time with a strong negative

balance exemplified by a negative net rate on nurobedividuals and basal area.

While some species showed slow dynamics with lowtatity and recruitment rates (lower
rates than the entire community — Table 1.4, Figu#A), others have high rates with high
recruitment and/or mortality (Figure 1.4A). Fromogle species with fast dynamics, only three
species had a positive individual's net change,nwbde another 14 had a negative individual’s

net change. Thus, the flow reduction in generad$f more species negatively than positively.

The same is seen to ingrowth/outgrowt rates (FigiB because eight species had rates
lower than the entire community. Nine species preseingrowth larger than outgrowth and had a
positive basal area net change. However, a furlléehave more outgrowth rates higher than
ingrowth, and possessed a negative basal areshaetje. Hence, negative impacts of water flow
reduction were intense for basal area and indiv&dira this riparian forest and surpassed any

positive effects.
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Figure 1.4 - Uomparlsgn or mortality/recruitmentesa (A) and outgr%wvfh/rlngrowth rates (B) in

species with 10 or more individuals in a riparianekt in southern Brazil. Square = community net
change, triangles = species with positive individuzet changes, circles = species with negative
individuals net changes, blue diamond = speciels individual net changes lower than community

and black diamond = species with individuals nedngfes lower than community but with area

basal net change higher than community. Speciesriceop Table 5.
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Species with high individuals turnover (higher ti&h of TN, Table 1.5) are most typically
from understory or forest edg&iparuna guianensjsMyrcia laruotteana Byrsonima laxiflora
Xylopia aromatica Bauhinia ungulata Coccoloba mollis Cousarea hydrangeaefolia
Erythroxylum daphnitesMatayba guianensjsCordieria sessilis, Alibertia edulisnd Casearia
sylvestri§, exceptinga vera I. laurina and Hirtella gracilipes three sub-canopy/canopy species
which are related to moist environments (ripariad gallery forests). Otherwise, those species with
low rates (lower than 3.0 of TN, Table 1.5) are tiyolsom canopy Apuleia leiocarpaTerminalia
glabrescens Tabebuia roseo-alhaFicus spl, Protium heptaphyllum Copaifera langsdorffji
Hymenaea courbarjlPlatypodium elegansPouteria torta Andira anthelmia Salacia elliptica,

Acacia polyphyllx exceptingCheiloclinium cognatung typical understory species.

Most of the high turnover species (11 of 15) hadnegative balance between
mortality/recruitment and outgrowth/ingrowth, ext&o guianensisB. laxiflora, E. daphnitesand
C. sessiligTable 1.5). However, some low turnover (7 of §Bgcies have a zero/positive balance
between mortality/recruitment and/or outgrowth/mgth. From these low turnover species
analyzed, four have both negative balandespirira guianensisOrmosia arboreaZanthoxyllum
riedelianumandMyrcia splendensand one a zero/positive balantionopsis lindiman)i Thus,
most of the species (19, Tablel.5) have a negatieeall net rate (ONR) and seven show an ONR
lower than five negative. Then, from 14 specieshvpbsitive ONR (Table 1.5) onlB. laxiflora

exceeded five.

All these results indicated that few species (nyoBthm canopy) were subjected to only
minor changes, and can be considered stable inmigaigan forest even after flow reduction. Most
species, however, had experienced a high deatharatér loss of basal area, demonstrated the
negative effects of lack of moisture. Moreover, thest severe negative effects of moisture
reduction occurred to understory species and tlagseciated with water resources. Figure 1.5
represents the species with major contributionsaimmunity changedd. gracilipes I. vera A.
edulis (water associated sub-canopy understory specied@urina (canopy water associated
species)C. hydrangeaefoliaC. mollisandP. torta (understory-subcanopy species) were the more
negatively affected species which strongly infllesa¢he community density and/or basal area

reduction.

Only two species experienced major positive chamgehkis riparian forestS. guianensis
within an increase in number of individuals ahdeiocarpawith an increase in basal area — Figure

1.5). In general, the cover value (that evaluapegies density and dominance) of three species, all
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water associated, were the most negatively affeattid strong mortality and basal area loks (
gracilipes I. vera, A. edulis) With the high reduction in individuals and baasta of some species
below canopy and a population increaSe guianensjsin a short time period (four years), it is

possible to summarizee that layers below the can@pygerstory and sub-canopy) are going
through a major restructuring of their features.
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Table 1.5 - Species dynamic rates between TO -n Tés$cending order of Overall net change (ChN+CH2ZBd species with 10 or more individuals.
M = mortality rate, O = outgrowth rate, R = recroént rate, | = ingrowth rate, TN = individuals tawer, TBA = basal area turnover, ChN =
individuals net chance, ChBA = basal area net cba®C = overall net change; U = understory, Iterimediary, C = canopy (*Rodrigues et al 2010
classification) in a riparian forest in southerrast.

Codes Species

N *sS< X 0 00O

- X ' o c o< !

3

Byrsonima laxiflora
Erythroxylum daphnites
Siparuna guianensis
Apuleia leiocarpa
Ficusspl

Unonopsis lindmanii
Cordieria sessilis
Tabebuia roseo-alba
Cheiloclinum cognatum
Protium heptaphyllum
Salacia elliptica
Hymenaea courbaril
Andira anthelmia
Copaifera langsdorffii
Platypodium elegans
Acacia polyphylla
Tapirira guianensis
Matayba guianensis
Terminalia glabrescens
Myrcia splendens
Pouteria torta

Coussarea hydrangeifolia

Ne° Individuals

Basal Area (nf)

Dynamics rates

Net Changes

TO T2

13
10
78
25
12
26
17
13
14
94
12
35
21
49
20
10
61
34
23
33
18
63

12
10
91
27
13
27
20
12
14
96
12
33
22
48
20

9
60
33
22
29
18
56

T4
17
10
98
27
13
26
19
13
15
95
12
33
21
46
19

8
54
31
20
27
18
53

T0
0.21
0.03
0.34
0.99
2.31
0.34
0.09
0.11
0.29
3.23
0.62
5.64
0.80
6.59
0.52
0.09
1.77
0.43
1.59
0.15
1.18
0.53

T2
0.25
0.03
0.40
1.13
2.23
0.41
0.09
0.12
0.30
3.38
0.65
5.92
0.83
6.72
0.52
0.10
1.87
0.42
1.61
0.14
1.20
0.50

T4
0.26
0.04
0.37
1.20
2.71
0.43
0.09
0.12
0.31
3.50
0.67
6.13
0.81
7.03
0.53
0.10
1.69
0.40
1.46
0.14
0.92
0.47

M
4.09
5.43
6.74
1.02
0.00
3.02
3.08
1.98
0.00
1.36
0.00
2.22
1.21
2.65
2.60
5.43
4.85
8.34
3.43
5.79
1.42
5.61

o
2.73
6.39

14.23
1.90
161
2.56
8.72
1.16
2.62
1.92
0.28
0.45
1.43
1.52
5.61
6.79
7.09
9.33
5.31
8.34
8.01
8.42

R
10.31
5.43
1191
2.90
1.98
3.02
5.74
1.98
1.71
1.62
0.00
0.77
1.21
1.11
1.34
0.00
191
6.20
0.00
0.94
1.42
1.45

I
11.24
19.83
28.54

6.79
5.47
8.24
14.33
491
3.87
4.04
2.18
2.52
1.75
3.10
6.32
10.19
6.16
8.72
3.26
8.08
2.71
6.34

TO-T4

Turnover rates
TN TBA
7.20 6.98
543 13.11
9.33 21.38
1.96 4.34
0.99 3.54
3.02 5.40
441 11.52
1.98 3.03
0.86 3.24
1.49 2.98
0.00 1.23
1.49 1.48
1.21 1.59
1.88 2.31
1.97 5.96
2.71 8.49
3.38 6.62
7.27 9.02
1.72 4.29
3.36 8.21
1.42 5.36
3.53 7.38

ChN ChBA
6.94 5.45
0.00 7.62
5.87 1.62
1.94 5.04
2.02 4.04
0.00 5.51
2.82 1.04
0.00 2.94
1.74 1.13
0.26 2.09
0.00 1.95
-1.46 2.11
0.00 0.22
-1.57 161
-1.27 0.63
-5.43 3.79
-3.00 -1.24
-2.28 -2.02
-3.43  -2.12
-4.89 -0.83
0.00 -5.85
-4.23 -2.63

ONC
6.19
3.81
3.74
3.49
3.03
2.76
1.93
1.47
1.43
1.18
0.97
0.32
0.11
0.02

-0.32

-0.82

-2.12

-2.15

-2.78

-2.86

-2.92

-3.43

Layer*

cocCco———0000—-—0O0CcocCccoo—cc
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Zanthoxyllum riedelianum

Hirtella gracilipes
Casearia sylvestris
Ormosia arborea
Bauhinia ungulata
Inga laurina

Alibertia edulis
Xylopia aromatica
Coccoloba mollis

Inga vera

Myrciaaff. laruotteana

12

174

25
17
40
70
74
20
59
38
10

10
171
22
17
40
61
68
19
52
29
9

9
151
20
16
27
59
62
17
43
23
5

0.30
4.41
0.18
0.45
0.23
4.49
0.70
0.37
0.61
1.00
0.14

0.31
3.78
0.16
0.49
0.27
3.57
0.53
0.27
0.52
0.86
0.10

0.30
3.68
0.15
0.33
0.21
3.13
0.49
0.24
0.38
0.63
0.07

6.94
5.63
7.88
3.08
12.92
5.85
6.73
13.88
9.26
12.77
20.47

4.80
10.20

8.65
13.66
14.44
17.49
13.49
14.94
19.41
14.03
21.19

0.00
2.23
2.60
1.60
3.93
1.74
2.51
10.31
1.79
1.11
5.43

4.33
6.30
6.37
7.09
14.60
9.77
6.16
6.97
10.11
3.60
6.91

3.47
3.93
5.24
2.34
8.42
3.80
4.62
12.10
5.53
6.94
12.95

4.56
8.25
7.51
10.37
14.52
13.63
9.83
10.96
14.76
8.81
14.05

-6.94
-3.48
-5.43
-1.50
-9.36
-4.18
-4.33
-3.98
-7.60
-11.80
-15.91

-0.50
-4.45
-3.26
-7.26
-1.74
-8.68
-8.81
-10.29
-11.05
-10.90
-16.14

-3.72
-3.97
-4.34
-4.38
-5.55
-6.43
-6.57
-7.14
-9.33
-11.35
-16.02

c——=—-COCcoOocCc—0
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Figure 1.5 - Number of individuals, basal area eowkr value to non-stable species in a Ripariae$tan southern Brazil, only those with 10 or more

individuals (see figure 4A and 4B) and only thogecses that represents most changes in the tremuanity.
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Discussion

Soil — Partly confirming our hypotheses the analysis sssftdly shows the spillway effects in soil
moisture over dry season, mainly at 0 — 10cm, butamother depths. Thus, the soil surface layer is
more affected by water flow reduction. Studiesriparian forests demonstrate importance of
groundwater and soil moisture storage to stream#od vegetation (Fujieda et al. 1997; Munoz-
Reinoso 2001); thus, at deep layers (20-50cm)etteet of spillway construction was not severe
compared to soil in the surface. This soil moistueduction was enough to cause structural
modifications in this riparian forest. Many tred®ed after flow reduction, and obviously with
greater light penetration onto soil surface progligesater evaporation and soil moisture loss. Trees
also increase water infiltration by retaining smibisture and also their absorption capacity (Joffre
& Rambal 1988); therefore, tree mortality could trdoute to soil moisture reduction.

Plant cover absence reduces water storage (Joffrea&bal 1988, 1993), raises the
temperature in warmest months (Breshears & Bar®89)land raises water evapotranspiration
(Breshears et al. 1997); thereby, a long dry pedad the water flow reduction will probably
change water cycle on the riparian forest’s surfeeen though the tests have not shown a strong
soil moisture reduction, in lower layers there isl@ar trend of reduction especially in end of dry
season at all depths. Despite soil surface beiagrbst affected layer, at end of dry season very
little water is stored in soil from rain (averagenfall in each month in region during dry seas®en i
just 36.5mm and in wet season is 236.5mm (SilvailgeRo 2004), and then, during these periods,
deeper layers are dependent on moisture stemnungriver.

Even soil moisture at end of dry season was redangdone year after flow reduction, but
not at all of three depths, probably due to raifofeesoil analysis on T3. If heavy rains have hot
fallen at end of dry season, lack of moisture stamgnfrom river can reach all soil depths.
However, if first heavy rains have occurred (whattually happened for T3 measurement) it is
hard to detect differences in soil moisture. Thd ehdry season is commonly driest period of the
year and few rains could raise the soil moisturesiite this, there is a clear soil moisture reducti
tendency for all dry seasons and for all three ldepff soil (but more strongly at 0-10cm) and in
middle of dry season, before spillway constructias humid as rainy season, became as dry as the
end of dry season.

Structure - Contrary to our hypothesis, in a period of foeass after river water flow reduction,
both richness and diversity did not decrease. lhdaiéhough two species have not been resampled,
a further three were present in last remeasure(fidit We have three explanations for this: 1) the
time period of four years was not sufficient to yazke harsh changes in an arboreal community,
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hence longer periods could clarify the moistureuotidn effects on riparian tree flora, 2) the
intense rains during the rainy season were sufffidie keep soil moist enough for vast majority of
species, and 3) and most probably, more abunda&tiespare characteristic of high moist soils;
therefore, these species still have many indivslt@alupport their presence in community.

Explanations 1 and 3 are most acceptable. Ripdrees are known to be sensitive to
reductions in stream flow or groundwater availépilfSchume et al. 2004) and many species
present in this riparian forest are water-dependerdt least, successful in riparian environments
(H. gracilipes I. vera A. edulis I. laurina, C. hydrangeaefolig T. guianensisP. heptaphyllum
(Felfili et al. 2001; Ferreira & Ribeiro 2001; Gduét al. 2006; Matos & Felfili 2010; Pinheiro &
Ribeiro 2001; Schiavini et al. 2001; Silva Junidragé 2001; Veneklaas et al. 2005). The high
mortality of these species were main factor in dgnseduction over four years, therefore in
medium-long period with flow reduction and remotemnef riverbed, we believe there will be more
severe changes in both richness and diversity. Waigime variations can strongly influence
species composition, community structure and biobldg diversity (Munoz-Reinoso 2001,
Stromberg 2001) and this riparian forest will suffieought effects and soil moisture reduction for
several years. Reduction in available water is idened responsible for the extinction of moist
dependent plant species from rivers and streamse@.& Schiavini 2007).

Mortality and loss rates - The rapid mortality and outgrowth rates found iparian forest
confirming our hypotheses and exemplify effectsdofught due to water flow reduction. These
rates were higher than any other tropical forestluding long dynamics studies (Gomes et al.
2003; Korning & Balslev 1994; Manokaran & Kochumni&d87; Phillips et al. 2004; Phillips et al.
1994; Swaine et al. 1987), semideciduous dry fd@spolinario et al. 2005; Machado & Oliveira-
Filho 2010; Oliveira-Filho et al. 2007; Paiva et aD07; Silva & Araujo 2009), gallery forests
(Felfili 1995; Lopes & Schiavini 2007), deciduousrdst (Swaine et al. 1990; Werneck &
Franceschinelli 2004) and even dynamic studiesewere drought periods originated by “El Nifio”
events (Condit et al. 1995). These results eluedlabw water flow reduction could be dramatic to
a riparian forest. Moreover, these values eviderthedprolonged drought effects in these forests
because, before spillway construction, the rivewjated a superior supply of water to trees.

The length of dry periods and annual rainfall anpartant determinants of plant distribution
(Barton & Teeri 1993; Fay et al. 2002; Gitlin et a006), but less intense droughts may not
increase mortality (Condit et al. 2004). In ripari@rests the dry periods may be milder and lower
due river moisture; however, absence of the rilegirty makes dry period more intense with lower
soil moisture. Drought effects, or at least soilisture reduction, causes changes in leaf area jndex
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leaf water status, and a decrease in carbon fixaina gas exchange (Leuzinger et al. 2005; Orwig
& Abrams 1997), which lead to smaller photosyntheairoductivity and growth rates (Ciais et al.
2005; Kljun et al. 2006; Krishnan et al. 2006; @teet al. 2006), occasionally causing the death of
trees (Allen & Breshears 1998; Breshears et al52@itlin et al. 2006) or, at least, the falling of
branches. Thus, the fitness of each individual beyeduced in environment and consequently the
surving trees will become more vulnerable to paémsg herbivory and wind. Therefore, is not
surprising that high falling of branches and matyabroviding strong decrement and basal area

loss.

Turnover - Dead and mutilated trees open new spaces thabcagpied by new recruits and
growing trees (Everham & Brokaw 1996; Swaine efl8P0). However, many species present high
mortality and basal area loss (outgrowth) ratesthag are not the same as those few species with a
high recruitment and basal area gain (ingrowthggalncrease in importance of some dry resistant
species over non dry resistance was noticeabléhier avorks (Breshears et al. 2005; Condit et al.
1995) and promotes high species turnover. Howether,intense mortality leads to negative net
changes among the most abundance species andawisamfirmed in community, in number of
individuals and basal area. Most of high turnoyecses with negative overall net change and are
understory species (except three sub-canopy/camegigr related species), unlike most low
turnover species; which are mostly canopy spetiesvever, we highlight species with a major
contribution to community changes. All species withgative net change (to basal area or
individuals) are water related specigd. (gracilipes I. laurina, A. edulis I. verg, or are
understory/sub-canopy specié€s. fhydrangeaefoliaC. mollisandP. torta), confirming the moist
reduction impact on community.

Large-scale disturbances could cause drastic megettiects on tree diversity (Oliveira et al.
1997), change the structure and promote high twnoates with sudden and dramatic changes in
the abundance and spatial arrangement of domidantsp(Gitlin et al. 2006). In our riparian
forest, the four years of water flow reduction was sufficient to provoke a reduction in diversity
or richness, but clearly influence structural cheshop arboreal flora. More drought resistant specie
tend to reach low water potential more rapidly thess resistant species (Ladiges 1975) and their

physiological aspects should not be severely aftebly drought.

The consequences of reduced water availability affgct germination and growth (Stone
& Bacon 1994), but we did not evaluate seeds olirggg probably the most negatively affected

forest compartment. Thus, we believe in a greaterover in lower layers of forest which directly
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affects the future of community, nevertheless rgtrent, was not apparently influenced and
recruitment rates fit those found in other foreStsll the great recruitment of non-water dependent
species, despite low recruitment of “moist depehdprcies”, confirm the river moisture reduction

consequences on species changes in this riparest fo

Large and small trees- Due to drought intensively and length effects omhe#ree, many
individuals of drought sensitive species die oelbsanches, which not only modifies the local flora
as well as tree community structure. In our studgst dead trees have a diameter at breast height
smaller than 20cm. The smaller trees were most itapbto trees density declines, while large
trees mortality strongly influenced basal area céidu. It is common in tropical forests, for gresite
mortality (even in % per size class) to be conegatt in the smaller diameter classes, especially in
dry years (Chazdon et al. 2005; Clark & Clark 1998he drought negatively affects all
community; however it was more harmful to small&xsses, because the soil surface (0-10cm)

suffered greatest soil moisture reduction.

Woody species differ with respect to depths fromchtihey extract water (Breshears et al.
1997; Evans & Ehleringer 1994; Flanagan et al. 139y & Schneider 2005). Large trees
generally have deep roots and can access deepevager resources, which were less affected by
droughts (Breshears & Barnes 1999; Otieno et &1528aha et al. 2008) and also become less river
dependent. The 33 thickest trees, for example, m@admortality proving a non-river-water
dependence. However, small trees have shallow-rautscannot access deeper water, thus soil
drying probably was the major mortality influencedaprovokes high mortality and loss rates to
these sizes. Small trees have a greater lifetigks 0f being hit by falling debris (Deng et al. 8D0
such as branches and dead trees, then the moitalahgo greater in seedlings than small trees
(Kitajima & Augspurger 1989; Swaine & Hall 1988).

Water and light are linked to disturbances thaeaf the dynamics of smaller trees
(Machado & Oliveira-Filho 2010); soon, was not sigipg the forced drought caused by damming,
negatively affects many understory species. Extmphpuleia leiocarpala canopy species), most
species with high positive overall net change aoenfunderstory specie8yrsonima laxiflora
Erythroxylum daphnitesSiparuna guianensjgJnonopsis lindmanjiCordieria sessili. However,
only A. leiocarpaandS. guianensigare well represented in this community. Still,Sbgositive net
changes for a few species are much smaller thaatimegeffects in many others and all of these are
generalist species.
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We conclude that the negative effects of water flmduction in riparian forests far
outweigh any positive effects on a few generalgtcgees and in some important ecosystems
services, like carbon storage (represented by fzasal reduction), soil protection (represented by
high mortality), as well as biodiversity changestiivthe disadvantage of many moisture dependent
species and a high mortality of understory specas] environmental changes (with an increase of
direct sunlight inside the forest). On large-scglegcipitation and temperature are the most
important climatic factors controlling ecologicalopesses (Liu et al. 2004). However, for riparian
forest, the river water clearly has a great impur¢éato ecological processes and many of these
could be lost or at least reduced. Floods creatertgeneity within riparian zone, favoring
coexistence of different species (Naiman & Decadf&/7) and with river detachment these patch

were loss and environment’s heterogeneity waslglesduced in some riparian sites.

With reduction in density and basal area, we cassily this riparian forest ingegradation
phase (according Machado & Oliveira-Filho 2010)hypothetical model of sylvigenesis, based on
tree community dynamics. In this model a strondgudiznce could lead a forest to lose its density
and basal area; however, this forest still couttbver and become a forest with an initial density
and basal area, returning to a stage of stabilitg {orest maintains its resilience — capacity to
recover from disturbances) (Gunderson 2000; Neub&aswell 1997; Pimm 1984).

In our studied riparian forest, and we believe tangn other riparian forest which have
reduced riverbeds by deviations and damming tgadtion or supplies to cities or dams, this
“degradation phase” will not recover to a matureessional stage, due the moist reduction being a
constant disturbance (thus, forest will lose itsilence). This constant disturbance will cause
droughts for several years and change to thisiapdorest (with many moist-dependent species)
will lead to another physiognomy (with more genistakpecies), probably a semideciduous
seasonal forest, a type of forest which is strongfijuenced by seasonal climatic changes. This
study strongly contributes to understanding of egagnces of human damming in riparian forests
and provides a valuable insight into what may bgpkaing with riparian forests whose river water

has been reduced (of course with distinct degreester reduction).
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Appendix |. Kruskall wallis (K) and median testdoil moisture at three distinct depths (0-10 cm320cm and 40-50
cm). Below trace are p values and aboce “Z” valires;riparian forest affected by dam on southerazi.

Results for Kruskal Wallis to 0-10 cm (df =11, NL20) = 89.30, p <0.001 and median test (Chi-squa@.99, df =

11, p<0.001).

TOED T1ED T3ED TOHR T1HR T3HR TOER T1ER T3ER TOHD T1HD T3HD
TO ED - 1552 0.677 3.222 4.006 2.479 2171 2551 3.630 1.847 0.904 1.163
TLED 1.000 - 0.875 4.774 5558 4.032 3.724 4.103 5.182 3.400 0.648 0.348
T3ED 1.000 1.000 - 3.899 4.683 3.157 2.849 3.228 4.307 2525 0.227 0.503
TOHR 0.084 0.000 0.006 - 0.784 0.742 1.050 0.671 0.408 1.374 4.126 4.298
T1HR 0.004 0.000 0.000 1.000 - 1527 1.834 1455 0.376 2.159 4910 5.062
T3HR 0.869 0.004 0.105 1.000 1.000 - 0.308 0.071 1.151 0.632 3.384 3,576
TOER 1.000 0.013 0.290 1.000 1.000 1.000 - 0.379 1.458 0.324 3.076 3.276
T1ER 0.710 0.003 0.082 1.000 1.000 1.000 1.000 - 1.079 0.703 3.455 3.645
T3ER 0.019 0.000 0.001 1.000 1.000 1.000 1.000 1.000 - 1.783 4.534 4.696
TOHD 1.000 0.045 0.764 1.000 1.000 1.000 1.000 1.000 1.000 - 2.752 2.961
T1HD 1.000 1.000 1.000 0.002 0.000 0.047 0.139 0.036 0.000 2.752 - 0.283

T3HD 1.000 1.000 1.000 0.001 0.000 0.023 0.069 0.018 0.000 0.203 1.000 -

Results for Kruskal Wallis to 20-30 cm (df =11, NL20) = 79.96, p<0.001 and median test (Chi-squdd@.20, df =

11, p<0.001).

TOED T1ED T3ED TOHR T1HR T3HR TOER T1ER T3ER TOHD T1HD T3HD
TO ED - 1446 0.787 3.330 3.394 2973 2102 1.032 2.777 0.418 0.530 1.472
TLED 1.000 - 0.659 4.776 4.840 4.419 3.548 2478 4.223 1.029 0.916 0.026
T3ED 1.000 1.000 - 4,117 4.182 3.761 2.889 1.819 3.564 0.370 0.257 0.685
TOHR 0.057 0.000 0.003 - 0.064 0.357 1.228 2.298 0.553 3.748 3.860 4.802
T1HR 0.045 0.000 0.002 1.000 - 0.421 1.292 2.362 0.617 3.812 3.924 4.866
T3HR 0.195 0.001 0.011 1.000 1.000 - 0.871 1.941 0.196 3.391 3.503 4.445
TOER 1.000 0.026 0.255 1.000 1.000 1.000 - 1.070 0.675 2520 2.632 3.574
T1IER 1.000 0.872 1.000 1.000 1.000 1.000 1.000 - 1.745 1.450 1562 2.504
T3ER 0.362 0.002 0.024 1.000 1.000 1.000 1.000 1.000 - 3.195 3.307 4.249
TOHD 1.000 1.000 1.000 0.012 0.009 0.046 0.775 1.000 0.092 - 0.112 1.054
T1HD 1.000 1.000 1.000 0.007 0.006 0.030 0.560 1.000 0.062 1.000 - 0.942

T3HD 1.000 1.000 1.000 0.000 0.000 0.001 0.023 0.811 0.001 1.000 1.000 -

Results for Kruskal Wallis to 40-50 cm (df =11, NL20) = 65.20, p<0.001 and median test (Chi-squdd®.98, df =

11, p<0.001).

TOED T1ED T3ED TOHR T1HR T3HR TOER T1ER T3ER TOHD T1HD T3HD
TOED - 1.720 1.000 2.671 2918 2472 1462 0.697 2.256 0.897 0.726 1.308
TLED 1.000 - 0.720 4.390 4.638 4.191 3.182 2417 3.976 0.823 0.993 0.411
T3ED 1.000 1.000 - 3.671 3.918 3.471 2.462 1.697 3.256 0.103 0.273 0.309
TOHR 0499 0.001 0016 - 0.247 0.199 1.209 1.973 0.415 3.568 3.397 3.979
TIHR 0232 0.000 0.006 1.000 - 0.447 1.456 2221 0.662 3.815 3.645 4.227
T3HR 0.888 0.002 0034 1.000 1.000 - 1.009 1.774 0.215 3.368 3.198 3.780
TOER 1.000 0.097 0912 1.000 1.000 1.000 - 0.765 0.794 2359 2.189 2.771
TIER 1.000 1.000 1.000 1.000 1.000 1.000 1.000 - 1559 1.594 1.424 2.006
T3ER 1.000 0.005 0.075 1.000 1.000 1.000 1.000 1.000 - 3.153 2.983 3.564
TOHD 1.000 1.000 1.000 0.024 0.009 0.050 1.000 1.000 0.107 - 0.170 0.411
TIHD 1.000 1.000 1.000 0.045 0.018 0.091 1.000 1.000 0.189 1.000 - 0.582

T3HD 1.000 1.000 1.000 0.005 0.002 0.010 0.369 1.000 0.024 1.000 1.000 -
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CHAPTER 2

Dynamic groups and riparian forest heterogeneity:
distinct responses after river water flow reduction



36

Resumo: Grupos de dindmica e heterogeneidade de unflaresta ciliar: distintas respostas
apos reducao na vazao de agua de um rio

Mudancas no regime hidrico de um rio, como a realaigéfluxo de agua devido a implantacéo de
barragens, podem afetar comunidades ciliares anfjeesc Contudo, devido a alta diversidade
destes ecossistemas, é mais viavel avaliar as rpasiacorridas nessas comunidades por meio do
estudo dos grupos de dinamica (ou grupos de regppsis, apesar de diferentes florestas ciliares
apresentarem diferentes espécies, sdo esperadethaetas grupos de resposta para o impacto em
questdo. Este estudo tem por objetivo avaliar eisosfda reducdo do fluxo de agua em diferentes
setores de uma floresta ciliar, testando a hipatesgue existem diferentes grupos de espécies com
distintas respostas ao impacto, e que 0s setorsspmimos ao antigo leito do rio sdo os mais
negativamente afetados. Foram testadas as altsragdamidade do solo proximo e distante do
antigo leito do rio para confirmar os reais efeiasreducéo do fluxo de dgua na umidade do solo,
durante trés anos. Para verificar as modificac@essirutura arborea de diferentes setores da
comunidade estudada, foi realizada uma DCA entrpaaselas de amostragem, utilizando-se a
densidade das espécies por parcela. Além dissppgme resposta dinamica foram analisados a
partir das taxas de dindmica das espécies, calutaim base em quatro anos de efeito da reducao
da vazao de agua do rio, para espécies com mireénd® dnhdividuos. Tais grupos foram formados
por meio da elaboracdo de um dendrograma de sitaithe, baseado nestas taxas. A DCA
apresentou trés setores distintos: proximo aoloimge do rio e parcelas préximas a um corrego
presente na area. Os resultados demonstraram umame@ducdo na umidade do solo nos setores
préximo a beira do rio por isso o setor proximoleito do rio foi de fato o mais negativamente
afetado, apresentando alta mortalidade e perdarealk@msal. O dendrograma utilizado para a
formacdo dos grupos de resposta apresentou quatppsy dos quais dois foram os mais
prejudicados pela reducdo na umidade do solo, fiwmgoor espécies de sub-bosque e/ou
associadas a ambientes riparios. Além de seremaasafetados em setores proximos ao leito do
rio, essas espécies também foram negativamentelagehos demais setores, demonstrando que a
reducdo na vazao de agua atingiu toda a comunidastiglada. O Unico grupo com resposta
claramente positiva possui espécies de sub-boggueralistas, que estdo ocupando espacos vagos
na comunidade. Apesar de existir um grupo de dessélel na comunidade, a floresta ciliar deve
continuar sofrendo alteracdes até possuir espéciesmenor dependéncia da agua advinda do rio,
principalmente no sub-bosque, e se assemelhauntmmf a uma floresta estacional.

Palavras chave: barragens; grupos de resposta; repsamento.

Key-word: dam; response groups; impoundment.
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Introduction

Sixty percent of the largest rivers on earth arengfly or moderately fragmented by dams
and diversions (Ravenga et al. 2000), and mostaofisdare used for hydropower production
(Truffer et al. 2003). Reservoirs and dams are aesiple for a wide variety of environmental
problems, as sediment retention (Nilsson & Bergdt@00), fish migration interruption (Friedl &
Wauest 2002), extinction of many amphibians, bindd Bishes associated with water (Ravenga et al.
2000) and greenhouse emission (Fearnside 2002gdwver, there are many important direct effects
to flora such as fragmentation by water storagaessen et al. 2000; Nilsson & Berggren 2000),
changes in species composition, structure andzoness (Nilsson & Grelsson 1995; Nilsson et al.
1997; Chapter 1).

Modifications on plants are dramatic because asgi§ producers, they represent the basal
component of most ecosystems (Loreau et al. 2QB&jefore changes on vegetation component
will lead to changes in many other taxa. Howevemes dams and diversous ecological problems
are not well scientifically studied and are negdctEffects of drought in tree riparian communities
after river diversion or damming are understudieidh few exceptions (Horner et al. 2009; Chapter
1).

Changes in streamflow, due to man-made diversiors®@rvoirs projects, can affect riparian
community and water-stressed environment may deereggetation cover (Smith et al. 1991), by
death of many trees or stems and, consequentlyctied in basal area (Chapter 1); or, in extreme
cases, destroy riparian ecosystem altogether (Sehigth. 1991)In general, many riparian species
are sensitive to reductions in stream flow or gowater availability (Schume et al. 200@hapter
1), but not necessarily all tree species are a&tebl the same way. In a seasonal environment, for
example, tree riparian species strongly dependérihe water from river cohabit with others
capable of withstanding longer droughts (ChaptefTh)s species richness is commom in riparian
environments largely due heterogeneity explainesddnasional floods, variations in topography,
groundwater soils and upland floristic influenceaiidan et al. 1993; Nilsson & Svedmark 2002;
Rocha et al. 2005; Rodrigues & Nave 2000); theeefstream flow reduction will alter directly
water available to plants (Chapter 1). This scengicertainly disadvantageous to a particular
group of river-dependent species and favors offt&napter 1). However, this effect should be more
severe near to the shore, a more dependent enwerdarofiriver water, and less intense farther from
river. Thus, understand the link between distinpganian patches with floristic composition can
elucidate some disturbance consequences. Stily, hapness in riparian forests makes difficult

extrapolations and forecasts about the future edalsystems, after a serious disturbance.
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A way to assess the complexity of these communigegrouping species with similar
responses to disturbance, competitive abilitieshat have similar effects on ecosystem process
(Kelly & Bowler 2002; Lavorel & Garnier 2002; Lyo& Sagers 2003). Thus, many important
ecosystem functions features can be revealed (8vwgaM/hitmore 1988) as key habitats, zones of
richness and vegetation interactions, facilitatesdigtions about communities changes (Craine et
al. 2001; Girao et al. 2007; Lavorel & Garnier 200%0n & Sagers 2003). However, establishing
these groups is problematic due to many obstacléevelop an effective classification (Naeem &
Wright 2003) To better groups formation is useful to employ #pe@arameters, as dynamics
rates, to an objective community evaluation (Gdtfleury et al. 2005).

The water flow reduction provoke distinct speciesponses in a riparian forest (Chapter 1),
object of this study, and we believe that the dyicarates (mortality, recruitment, ingrowth and
outgrowth) will perform in cohesive “dynamic resgengroups” to this odd disturbance. The use of
mortality, recruitment and ingrowth is already imgamt and usual in dynamic groups formation
(Gourlet-Fleury et al. 2005). However, in our cabe, use of outgrowth, related with mortality, is
important due many stems broke but the individealained alive. Thereby, a good response group
comprehension can help us to lead management ffortother riparian areas with similar
disturbance and even in restoration projects, fagmspecific species groups.

Considering the lack of studies which evaluatesh wmpirical data, the effects of water
flow reduction caused by river diversion or damgré® communities and the importance of these
kind of achievement to society (irrigation and hoelectric power), this work aims to quantify the
effects of drought caused by a dam in a heterogeneiparian forest. This dam reduced flow
discharge in the river and the riparian forest Wwhi@s near the riverbed and now is 10 to 50 meters
away the waterline. This is the first work in thend who analyzes dynamic response groups
related with environment heterogeneity after a redriwater flow reduction in a tree community.
Thus, we seek to clarify the follow hypothesis:sbjl water moisture reduction effect was more
severe near the shore than in distant patchegy@jan forest has a marked floristic heterogeneity
that influences the forest dynamic after water fl@duction, then patches previously near to the
shore will have higher dynamics rates; 3) theredsenct dynamics groups in the forest and those

groups suffer different effects influenciated bg thistinct riparian patches.
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Material and Methods

Study area - This study was conducted in a riparian forestated between coordinates
18°47°40"S, 48°08'57"W and 18°47°51"S, 48°08'43"Vchted in the Amador Aguiar Dam
influence area. For dam construction part of therrivas diverted by a 27m spillway, reducing the
flow in 10km sector since December 2005. The raastor where the water flow was reduced is
called “Reduced Outflow Stretch” (Trecho de Vazau&zida — TVR Figure al). Spillway reduces
the water flow by 359rhs* to 7nt.s* of water (CCBE 2005). Thus the riparian forestrnbe
riverbed in 2005 (Figure 1a) is now about 10-50emsefarther from the direct water influence
(Figure 1b). The average altitude is 595m with Blape. The climate is of Aw type (Koppen 1948)
with dry winter and rainy summer with an averagewmt temperature of 22°C and average
precipitation around 1595mm (Santos & Assunc¢ao 2006

Soil is eutrophic argisoil and cambisoil, beingywbleterogeneous in nutrients and physical
components along riparian forest with average #ci@@Rodrigues et al. 2010). The floristic
heterogeneity is noted too, partially by surrougdinmatrix, with distinct landscapes and
conservation levels, being common the presencepefiss typical of dry soil§Myracrodruon
urundeuva Alleméao), cerrados Miconia albicans (Sw.) Triana) and sometimes pastures like
Urochloasp. nearby the riparian forest (Rodrigues et @L02.

Soil analysis— To compare flow reduction effects on differerstances from the riverbed we made
Friedman test amongst five meters distant and lifgmnédistant to the shore at all different depths
and all seasons (middle of rainy, end of rainy, dtedf dry and end of dry season) in three times,
one year before water flow reduction by spillwa@);Tone year (T1) and three years (T3) after this
impoundment. “Friedman” is a non-parametric testduso detect differences among repeated
multiples measures. Finally, to compare the flodution effects between five meters distance
(close to the shore) and 15 meters distance (distathe shore) we made Wilcoxon test. These
analysis were made in Statistica Program (StatZgi5).

Riparian heterogeneity— A tree inventory was carried out during the 2Q84ar after rain season
on 110 plots of 10x10m in the riparian forest, &00m and 10-20 m of distance to the river. To
verify floristic gradients, before spillway consttion in the riparian forest we made a DCA
(Detrended Correspondence Analysis) using the spedensity per plot. The heterogeneity in
riparian forest probably influences community ansate disturbances. After DCA, we made some
analysis comparing riparian sectors showed DCA. pa&tdorm Shannon diversity index followed

by Hutcheson t test to infer diversity variatioretvieeen each riparian sectors.
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Figure 2.1 — Satellite image of a riparian forestsmuthern Brazil. “1A” Study area image with
square showing plots locations. A = Spillway and leginning of Reduced Outflow Stretch, A’ =
end of Reduced Outflow Stretch, B = hydroeletrienda®’ = end of hydroelectric dam, C =
artificial lake created by dam, D = river patchuret to normal flow. The square ilustrates thestud
area. “1B” Riparian forest sectors: stream (retderside (blue) and distant to the shore (black)
plots. Plots were allocated along the tracks.

To check data normality we perform Lilliefors tesuit all the arboreal data did not
presented normality. Then, we perform some Kruskédllis with median test analysis (a non-
parametric alternative test to ANOVA) to recruitrh@md mortality in TO-T4 period (where TO is
the measurements before flow reduction and T4 sepits four years with low water flow), recruits
and dead basal area in TO-T4 period, number otiddals in TO and T4, and basal area in TO-T4
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among plots groups found in DCA analysis. We didNVdcoxon test between plot groups
comparing plots individuals and basal area befackefaur years after damming and a Hutcheson t
test to compare Shannon diversity index per plougrin TO and T4. Then, to evaluate floristic
differences between TO and four years after danstoaction, we perform a similarity comparison
in these years based in species (TO and T4), tecand mortality with species number of
individual values in each plot groups using Moasditorn index. All these analysis were made in
FITOPAC program (Shepherd 2004) and Statisticanarad StatSoft 2005).

Dynamics groups- To verify how the water flow reduction affectdte species, we performed a
cluster analysis using simple Euclidean distanck\@ard method as clustering technique. We tried
to detect statistically consistent “species dynanmgecoups” which suffered similar effects after
water flow reduction. For this analysis we used talidy, recruitment, ingrowth and outgrowth
species rates with at least five individuals in sueaments and perform the cluster analysis
(formulas are explained below (see Appendix 3 tecgs rates). To verify groups formation
efficiency we perform a discriminant analysis madeStatistica Program (StatSoft 2005). The
purpose of this analysis is test significant déferes between groups (in this case, those resultant
from cluster) and determine discriminant functiotigat allow reclassifying species wrongly
classified in one of the groups obtained by thatelu So this technique estimates the probabifity o
correct classification (in this case, performedthy cluster) and reclassifies some species making
more consistent groups (Gotelli and Ellison 20Y0¢ still calculated all dynamics rates (mortality,
recruitment, ingrowth, outgrowth, individuals tukas, basal area turnover, individuals net change,

basal area net change and overall net change d'sgaecies dynamics group”).

Annual mortality (m), recruitment (r), outgrowth)(and ingrowth (i) rates were calculated
in terms of annual exponensial rates (see formbles| et al. 1995, Sheil et al. 2000 and Oliveira-
Filho et al 2007). Outgrowth annual rates (0) refer basal area of dead trees plus dead branches
basal area of living trees (decrement) and ingraavthual rates (i) refers to basal area of recruits
plus growth in basal area of surviving trees (inoeat). To evaluate changes in forest we compute
turnover rates to individuals and basal area grotlweugh mortality-recruitment rates and
outgrowth-ingrowth rates (Oliveira-Filho et al. 200Then we evaluated the net change (Korning
& Balslev 1994) to individuals (ChN) and basal a(€aBA) and develop an overall net change
based in average of ChN and ChBA rates (see afidtas on Chapter 1). All these analysis were

done to each species groups.



42

Heterogeneity x Species dynamics groupsAfter found species dynamics groups and plotigso
(sectors), we compare dynamic groups in each ptatmy(individuals and basal area per hectare) in
TO and T4. Finally to verify variations in four ysaof water flow reduction on each group, we
made a Wilcoxon test (a paried student “t” altamgahon parametric test) with each species groups
in each plot group (using plots like samples) am®0gT4 period to number of individuals and

basal area. To perform these analysis we usestitatsoftware (StatSoft 2005).

Results

Soil - When we compared results among close (five metand distant (15 meters) to the shore
there was no significant differences among rainyntne in all year periods analyzed and to all
depths (Table 2.1). At 0 — 10 cm and 20 — 30 cmthdethere are a clearly reduction of soill
moisture in the middle and end of dry season reetlre shore after flow reduction (Table 2.1). In 0
— 10 cm at middle of dry season soil moisture weuced far from the shore too (Table 2.1),
however less intense than near to the shore. Tllousreduction was more severe near to the shore
than 15 m at distance, making soil drier in thesmtions. There are no significant differences
distant to the shore in other drier periods. Tl laf rain on dry season is strong and distanhéo t
direct influence of the river, the soil had alreddife water available, and then the water flow
reduction did not affect soil moisture at 15 m aiste from the river. Soil moisture not varies at 40
— 50 cm soil deep in any distance and in any sedbereby flow reduction does not affect the soil

layer below 40 cm.

The Wilcoxon test comproved spillway constructidgfeeted on soil moisture (Table 2.2).
Before this building, at 0 — 10 cm and 20 — 30iomiddle of rainy season and end of dry season,
soil was moister close to the shore. However dlitev reduction this environment became drier as
far to the shore (Table 2.2). Thus the flow restiit affects both rainy and dry seasons up tor80 ¢
depth. A dramatic result (marginal significativet Buimportant tendency) was noted in middle dry
season because near the shore is becoming drierfaéhao the shore (Table 2.2). Therefore
riverside probably was extremely dependent on itrer moisture and changed greatly. At 40 — 50
cm the soil moisture near and far to river was lsinthefore and after flow reduction which proves

that the river water did not influence soil in deefayers.
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Table 2.1 - Friedman test before, one year ane thear after dam construction to 0 — 10 cm, 20 —
30 cm and 40 — 50 cm deep near and far the shareparian forest in southern Brazil. In bold, p <
0.05. In bold p < 0.05 and in italic p < 0.10.

5m - Near 15m - Far
P F p F
Season 0-10cm
Middle Rainy 0.819 04 0.165 3.6
End Rainy 0.091 4.8 0.247 2.8
Middle Dry 0.022 7.6 0.074 5.2
End Dry 0.015 84 0.165 3.6
20-30cm
Middle Rainy 0.400 0.8 0.400 0.8
End Rainy 0.247 2.8 0.247 8.4
Middle Dry 0.015 2.8 0.692 0.7
End Dry 0.015 8.4 0.692 0.7
40-50cm
Middle Rainy 0.819 04 0.819 0.4
End Rainy 0.247 2.8 0.165 3.6
Middle Dry 0.819 04 0.247 2.8
End Dry 0.247 2.8 0.165 3.6

Table 2.2 - Wilcoxon test in three depths betweear rand distant to the shore for four season in a
riparian forest in southern Brazil. MR = middlerainy season, ER = end of rainy season, MD =
middle of dry season, ED = end of dry seadnrbold p < 0.05 and in italic p < 0.10. Median on
Appendix 2.

0-10cm 20-30cm 40 -50cm

p Z p Z p Z

TO 0.043 -2.023 0.043 -2.023 0.138 -1.483

MR | T1 0.893 0.135 0.345 -0.944 0.138 -1.483
T3 0.500 -0.674 0.893 -0.135 0.225 -1.214

TO 0.138 1.483 0.225 1.214 0.686 0.405

ER | T1 0.080 -1.753 0.500 -0.674 0.500 -0.674
T3 0.345 -0.944 0.138 -1.483 0.225 -1.214

TO 0.893 0.135 0.686 0.405 0.893 -0.135

MD | T1 0.080 1.753 0.893 -0.135 0.138 -1.483
T3 0.080 1.753 0.138 1.483 0.345 0.944

TO 0.043 -2.023 0.043 -2.023 0.043 -2.023

ED | T1 0225 1.214 0.345 0.944 0.893 0.135
T3 0.500 0.674 0.686 0.405 0.686 0.405
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Floristic heterogeneity - The DCA, based in floristic composition and specdensity, show a
separation between riverside plots, plots dist@nt 20 m to the shore and a few plots near a stream
(Figure 2.2) running along these plots. The eigkresawere high explaining more than 77% of
data variations.Some plots from riverside, distanthe shore and near the stream were similar in
species, but most plots are floristically distititén we choose to use the separation “a priori” in
riverside plots, distant to the shore plots (100-n2) and stream plots to perform the analysis
(Figure 2.1b).
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Figure 2.2 - DCA analysis based in species depsityplot, among riparian plots in southern Brazil.
Blue circles are plots near to the shore, blaalesrare plots distant to the shore and red ciarles
plots near a stream. Schematic representatioregepted in Figure 1b.

Shannon diversity index did not vary in any ripargectors (Hutcheson “t” test p > 0.1, df >
500 - Riverside, 3.335 in TO and 3.378 in T4; Stre8.432 in TO and -3.432 in T4; Distant, 3.491
in TO and 3.429 in T4). However riverside, streaml distant to the shore sectors, demonstrated
high structural variations in four years. Riveesid clearly more affected in these four years with
low flow than stream and distant sectors. Thereeveegreat mortality (21.97% of individuals and
17.18% in basal area) and therefore a high reduatiindividuals (11.52%) and basal area (8.73%)
near the riverbed. In Stream and distant plotstiaes also a strong mortality (15.29% and 17.30%
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in individuals), however with smaller depletiontzdsal area (8.18% and 5.35%). Recruitment did
not follow the same pattern. Plots distant to thers recruited more trees (14.02%) than riverside
(11.81%) and stream (6.49%). sectors.

The dynamics rates confirm changes in forest siractthe riverside had the biggest
mortality and outgrowth rates (Table 2.3) and disthe lowest ingrowth and outgrowh rates. These
results reflect the large loss of stems and maytafithick trees suffered by riverside plots (mofkt
them were moisture dependent species and larger2hham of diameter at breast height — Chapter
1). The same did not occur in stream and distaotis pivhere most dead trees were thin. Thus
turnover rates (Table 2.3) in riverside plot weighler than other two riparian forest sectors.
Although all riparian forest is losing more treart recruiting, but only in riverside this reduatio
was strong enough to produce a decrease in basal(dable 2.3). In general only distant to the
shore plots presented a positive overall net chdnuten stream a small change was perceptible
(Table 2.3).

Table 2.3 - Genenal changes and dynamics in roersitream and distant sectors four years after
river reduction flow in a riparian forest in southérazil.

General data Riverside Stream Distant
N°ind TO 842 170 393
N°ind T4 745 154 378
Mortality (N) 185 26 68
Recruits (N) 88 10 53
Basal area TO (M) 28.75 6.48 11.22
Basal area T4 (M) 26.24 6.92 11.78
Dynamics

Mortality (% and") 6.01 4.06 4.64
Recruitment (% and 3.09 1.66 3.71
Ingrowth (% and) 5.42 4.46 3.90
Outgrowth (% and) 6.11 2.44 1.91
Individuals turnover (% ant 4.55 2.86 4.17
Basal area turnover (% aho 5.76 3.45 2.91
Individuals net change (% afp  -5.94 -482  -1.93
Basal area net change (% #ho -4.46 3.34 2.47
Overal net change (% anp -5.20 -0.74  0.27

The Kruskall-Wallis and median test were statidiycaignificant only to basal area
mortality in TO-T4 period and basal area in TO. S&¢est showed a higher mortality in riverside
than distant plots (Table 2.3 and 2.4). In same,way O, the riverside plots showed more basal

area than distant plots (Table 2.3 and 2.4) but4nthere were no significant differences. This
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occurred due to the strong loss in basal areavergide plots (by mortality and stems loss) and
basal area increase on 10 — 20 m distant to the gitots. It is interesting to notice that the dead
individuals near and far to the shore are morelairthan those from the stream (Table 2.5) and the
recruits in riverside and distant sector were m&milar than stream sector. The new trees in
riverside and distant to the shore were very similaspecies (Table 2.5) promoting a rise in
floristic similarity in these two sectors, neveltdss stream plots recruits was quite different thied
stream sector became less similar than otheripanian sectors.

Table 2.4 - Kruskall Wallis test and median te§Z (palues) comparing riparian sectors before
spillway construction (TO) and four years after @vdtow reduction (T4), in a riparian forest in
southern Brazil. In bold, p < 0.05. BA = basal area

Recruits Riverside Stream DistantBA Recruits Riverside Stream Distant
Riverside - 1.244 0.469 Riverside - 0.819 0.732
Stream 0.640 - 1.465 Stream 1.000 - 1.251
Distant 1.000 0.429 - Distant 1.000 0.632 -

Mortality Riverside Stream Distant BA Mortality Riverside Stream Distant
Riverside - 1.808 1.295 Riverside - 1.784 2.601
Stream 0.212 - 0.790 Stream 0.223 - 0.117
Distant 0.587 1.000 - Distant 0.028 1.000 -

N° Trees TO Riverside Stream DistantN°® Trees T4 Riverside Stream Distant

Riverside - 1.012 1.131 Riverside - 0.851 0.144
Stream 0.934 - 0.168 Stream 1.000 - 0.882
Distant 0.775 1.000 - Distant 1.000 1.000 -

BATO Riverside Stream Distant BA T4 Riverside Stream Distant
Riverside - 0.298 2.446 Riverside - 0.165 1.036
Stream 1.000 - 1.382 Stream 1.000 - 0.854
Distant 0.043 0.501 - Distant 0.901 1.000 -

Table 2.5 - Morisita-Horn similarity in riparianaers (riverside, stream and distant) before water
flow reduction (TO0), four years after flow reducti¢r4), dead trees and recruits, in a ripariandore
in southern Brazil.

TO Riverside Stream Distant Dead Riversidétream Distant
Riverside 1 Riverside 1

Stream 0.256 1 Stream 0.201 1
Distant 0.547 0.375 1 Distant 0.487 0.319 1
T4 Riverside Stream Distant Recruits Riversidgtream Distant
Riverside 1 Riverside 1

Stream 0.235 1 Stream 0.084 1

Distant 0.559 0.296 1 Distant 0.624 0.022 1
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When compare variation in each plot per ripariaota@e only in riverside there were
significant differences in number of individualswever to basal area only distant to the shore and
in stream the test results were significant andgmatly significant (Table 2.6). In fact the basal
area decreasing (Table 2.3) in riverside but wkidene plots increases, others presents strong
reduction and this affects the analysis. In stremrd distant to the shore there were little but
constant increase in basal area per plot (Table Zlgus, distant and stream plots were more

constant with no strongly variations unlike rivelesiplots were very variable.

Table 2.6 - Wilcoxon comparing changes during T04-in riverside, stream and distant sectors
plots, in a riparian forest in southern Brazilblwid p < 0.05 and in italic p < 0.10.

N° Ind AB

Z p Z p
Riverside -3.120 0.002 -0.445 0.656
Stream -1.5850.113 1.726 0.084
Distant -0.7270.467 2.225 0.026

Dynamics Groups- Cluster formed four groups with 18 (G1), 14 (GR) (G3) and 6 (G4) species
(Figure 2.3 - The species list are in Appendix. IHpwever discriminant analysis reorganized two
species from their group€ordieria sessilideft G4 and went to G1, ariBauhinia ungulatdeft G3
and went to G2 (see Figure 2.4). Discriminant agialgonfirmed efficiency in group formation by
cluster technique (k111:=19.29, p<0.001). To discriminant analysis threesahowed significant
values and only to recruitment was marginally digant (Table 2.7). Still the total efficiency in
groups formation was 95.6% and superior than 8Gaflogroups with only two species changing
group (Table 2.8). The two first roots were sigraft with eingenvalue of 4.16 and 2.37 (p<0.001),
then first two functions were high correlated t@ws formation (90% of canonical correlation

values — Table 2.9).
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Figure 2.3 - Cluster analysis using Euclidian diseaand ward method. Groups were formed based
in species annual dynamic rates (mortality, reorarit, outgrowth and ingrowth), in a riparian in

southern Brazil. G1

group 4. Dynamic rates used

group 2; G3eup 3 and G4 =

group 1; G2

to groups formation and species phytossociologiaghmeters were summarized on Appendix 3.
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Figure 2.4 - Discriminant analysis based in speamsual dynamic rates (mortality, recruitment,

outgrowth and ingrowth) in a riparian forest in $wrn Brazil. Black triangle = group 1, Brown
diamond = group 2, Blue circles = group 3; Greenasg = group 4; * =Cordieria sessisis

(discriminant analysis changes this species from t64G1) and ** = Bauhinia ungulate

(discriminant analysis changes this species fromid332).
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Table 2.7 - Discriminant function analysis summaryfour rates in a riparian forest in southern
Brazil. Wilks' Lambda: 0.05; F (12,111) = 19.2890m01. In bold p < 0.05 and in italic p < 0.10.

N=49 Wilks'  Partial F-remove p-level
Mortality 0.077  0.665 7.038 0.001
OutGrowth 0.109 0.466 16.050 0.001
Recruitment 0.060 0.851 2.452 0.076
Ingrowth 0.154 0.331 28.326  0.001

Table 2.8 - Coherence between cluster groups ecdrdinant analysis groups in a riparian forest
in southern Brazil.

p=0.367 p=0.286 p=0.225 p=0.122

Percent Gl G2 G3 G4
Gl 100.00 18 0 0 0
G2 100.00 0 14 0 0
G3 90.91 0 1 10 0
G4 83.33 1 0 0 5
Total 95.92 19 15 10 5

Table 2.9 - Discriminant function analysis summiarywo first discriminant roots in a riparian
forest in southern Braziln bold p < 0.05.

Eigen-value  Canonical  Wilks' Chi-Sqrdf p-level
1 4.15 090 0.050 130.86 12 0.001
2 2.37 0.84 0.263 58.70 6 0.001

Comparing their parameters, G2, G3 and G4 presght ihortality and outgrowth rates;
indeed G4 has the highest recruitment and ingroatds and owned a positive balance in these four
years (Table 2.10). Further, G3 presented the bighertality and outgrowth rates, and is the most
affected by moist reduction (Table 2.10). G1 was tbnly group that showed low
mortality/outgrowth rates. This group is formed mgiby canopy species with low or medium
recruitment and ingrowth rates and was the lesaategl group after the water flow reduction. This

group can be considered in expansion in the forest.
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Tabela 2.10 - Dinamics rates for “dynamics groupsfour years of water flow reduction in a
riparian forest in southern Brazil. Ni = numberindividuals, BA = basal area, Mort = mortality,
Recr = recruitment, TN = individuals turnover, TABbasal area turnover, ChN = individuals net
change, ChBA = basal area net change and ONC =albwet change.

Group NiTO NiT4 BATO BAT4 Mort Recr Outg Ingr TN TAB ChN ChBA ONC
G1 392 404 22.69 2482 1.22 573 189 553348 3.71 0.76 227 151
G2 515 435 11.35 10.00 6.32 1.38 7.46 6.10 3.85 6.78 -4.13 -3.12 -3.62
G3 309 241 854 5.71 1045 3.8 16.25 8.18 7.13 12.22 -6.02 -9.57 -7.80
G4 108 127 052 055 9.20 9.66 19.4 30.84 9.43 25.12 4.13 141 2.77

Group 1 — This group was formed by generalist carsgecies with low mortality and outgrowth
(Table 2.10) rates and there are no species reldtednoist environment. This dynamic group can
be considered the most stable in this riparianstoaed less affected by four years of water flow
reduction (species list are in Appendix III).

Group 2 — This group was formed by many sub-carenmy understory species. Few species are
related with moist environmenthliftella gracilipes Coussarea hydrangeifolia and Chrysophyllum
marginatum. Mortality and outgrowth rates were superior égruitment and ingrowth, and then
this group presented a negative overall net vapedjes list are in Appendix Il1).

Group 3 — This group was formed by the most negatiffected understory species and many
species related with moist environments speciega( vera Inga marginata Eugenia florida
Alibertia edulis— first three are sub-canopy/canopy species). Mb#gality and outgrowth rates
were very superior to recruitment and ingrowth sgfEable 2.10). The negative net changes were
superior to six, revealing the most negatively et#fd group by water flow reduction. Besides high
mortality, many individuals lost stems increasiag&l area loss.

Group 4 — This group was formed by only fast dyramnderstory species. Despite of high
mortality, the recruitment was higher (Table 2.1)is group presented a very high outgrowth and
ingrowth rates, however the recruitment basal amé the older trees high growth compensate
basal area lost by dead trees. Compared to otleegtaups with many understory species (G2 and

G3), this is the only understory group which hgmbaitive net change in the tree community.

Dynamic species groups X Riparian Forest SectorsThe number of individuals in each dynamic
group varied in different riparian forest sectd&l, a canopy group, did not vary greatly in any
sector (Table 2.11), however the Wilcoxon test enakd a raise in number of trees distant to the
shore (Table 2.12). Two groups, G2 and G3, duadb mortality, decreased their participation in
all sectors (Table 2.11) and these results wetestitally confirmed (Table 2.12) though G3 did
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not vary greatly in stream sector. In both cades,largest reduction in trees occurred in riverside
(Table 2.12). G4 is the only group to did not vamer four years of reduced water flow (Table
2.12).

Tabela 2.11 - Density and Basal area to four dyosrgroups found in cluster and discriminant
analisys in three riparian sectors, in southerrziBra

G1 G2 G3 G4
Density (h&) TO T4 TO T4 TO T4 TO T4
Riverside 331 336 520 442 359 277 66 72
Stream 450 450 450 364 150 121 36 43
Distant 356 384 372 316 181 147 191 234
G1 G2 G3 G4
Basal area (f. ha) TO T4 TO T4 TO T4 TO T4
Riverside 19.0620.84 12.61 10.97 10.38 6.06 0.28 0.31
Stream 24.6426.64 13.64 1150 3.93 4.07 0.29 0.43
Distant 21282350 428 425 422 394 0.91 091

Tabela 2.12 - Wilcoxon test to number of individuahd basal &rea among dynamics groups in
each riparian sectors in southern Brazil. In bplg,0.05.

Gl G2 G3 G4
Number of individuals Z p Z p Z p Z p
Riverside 0.837 0.403  -3.647 0.000 -4.240 0.000 0.522 0.601
Stream 0.000 1.000  -1.997 0.046 -1.633 0.102 1.000 0.317
Distant 2.324 0.020 -2.451 0.014 -2.392 0.017 1.391 0.164

Gl G2 G3 G4
Basal area Z p Z p 4 p Z p
Riverside 4.380 0.001 -0.889 0.374 -3.327 0.001 1.265 0.206
Stream 3.170 0.002 -0.874 0.382 0.280 0.779 1.604 0.109
Distant 4.186 0.001 0.874 0.382 1.345 0.178 0.686 0.493

By comparing dynamics groups dominance in plot ®wsci(Tabela 2.11) there were
significant increase in G1 dominance in all thrést groups but was more remarkable in riverside
(Table 2.11 and 2.12). The opposite occurs withwb&h showed strong significant decrease in
riverside. G2 dominance was more severe reducea nmoriverside too (Table 2.11) but not
statistically significant (Table 2.12). G4 variaig) despite of increase in basal area were not
significant. These results explain the wide vamiatseen in riverside. In riverside plots dominated
by G1 basal area tends to increase while in plotsitlated by G2 or G3 basal area tends to exhibit

strong decrease.



52

Discussion

Water flow reduction decreases soil moisture in mignths until 30 cm deep and even in
some rainy months, soil moisture was diminishedwéwer more harsh near to the shore,
confirming our hypothesis. More, drought induceddpyllway reduces soil moisture in riverside
making these sectors as arid as distant plotstim iy and wet months. A study in other riparian
forest shows that major root biomass are conceutrantil 30 cm (Kiley & Schneider 2008¢nce
many trees were affected by soil moist reductiempacts of drought could be complex due soil
water reserves (Borchert 1994, 1998; Nepstad el34) and moisture near to the river was
depleted by lack of water near the riverbank. Sigrf@ater and groundwater are important because
strongly influence species composition, communtitycgure and biological diversity (Ehleringer &
Dawson 1992; Fujieda et al. 1997; Munoz-Reinosdl2@romberg et al. 1996)he reduce in soil
water available can negatively affect the biomassversion (Breshears & Barnes 1999) and
consequently decreases riparian forest specieorpehce and survival (Smith et al. 1991),
increasing mortality More severe disturbance makes community more uestabd quickly
changing their structure (Machado & Oliveira-Fill2®10), therefore, in general, water flow
reduction could be considered a intense disturbancwerbed patches due to higher turnover of
individuals and basal area but not to distant drehs sectors.

High mortality rates in riverbed is transformingsthiparian sectors in more open areas with
smaller density and basal area, therefore new psitahne created and less dense species could
become important (Chapter 1). Gaps created by d#adarge trees, per example, favor
establishment of pioneer and light demanding spef@iveira et al. 1997; Vale et al. 2009),
therefore, prolonged drought and their negativdfgots on some species will lead to altered
populations structures changing community compmsi{iSmith et al. 1991)Underground water
use to avoid drought are an ecophysiological triaitseasonal foregBorchert 1998)ut is not
required in moist environments, therefore, mangdgref moist adapted species in riverside should
keep dying and open spaces to be occupied by speeiter adapted to prolonged drought as G4.

This group is constituted by species commonly foimdeasonal environmentsliconia
albicans Siparuna guianensiandErythroxylum daphniteare presents in savannas (Bridgewater et
al. 2004; Ratter et al. 2003), atbkmpomanesia velutindDuguetia lanceolataand Siparura
guianensisare common in seasonal dry forest (Lopes et alR00hese understory species have
small heights and small species have a faster dgsathan canopy species due short lifespan
(Lieberman et al. 1985; Manokaran & Kochummen 198Gwever the G4 growth rates are too
high and flow reduction should speed up their midytand recruitment. This group has a positive
net change in all riparian sectors and probablygvddually replacing some G2 and G3 understory
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moist species group. This process should be slawtake many years but will probably occur.
These two groups were the most negative affectéolinyears, due low recruitment rates and high
mortality and loss of stems.

Smaller trees are more prone to die than larges tafter drought (Horner et al. 2009) and
our work confirms this trend. Plants with differetraits often differ in their responses to
disturbance and/or stress as drought (Macgillieiagl. 1995andsmaller trees have less access to
deeper ground water stocks than larger ones, asdsthparticularly critical in seasonal forests
(Fortini et al. 2003). When riparian forest, befarni¢h plenty of water, became subject to a seasonal
climate with severe dry months, only plots neariter statically become drier. However in all
riparian sectors, riverside stream and distant,dimesity of G2 and G3 declines more than 15%
after four years of spillway construction demonstiga flow reduction effects advanced to the
distant sectors and even affected environment tiemistream. Nevertheless basal area affected
shows a very different pattern. G2 basal area etlmcore than 13% in riverside and stream (not
statistically) but remained stable in distant pl@geduction of 0.07%). Otherwise G3 had reduced
their basal area in 41% in riverside but maintaablke in distant plots (less than 7% of basal area
loss) and remained stable on stream plots. Conpdnese two groups we could argue that flow
reduction negatively affects G2 and G3 in all nparsectors severely causing many small trees
deaths (82% of died trees with diameter < 20 cnd dielong these two groups). However in
riverside more big trees died (> 20 cm of diameter)at least, lose stems in G3 and loss of basal
area were superior in riverside to G3. Dead antlaed branches of big trees can hit smaller ones
creating gaps that are occupied by recruits andiggptrees (Deng et al. 2008; Swaine et al. 1990;
Vale et al. 2009). We know that water and lightuldobe inextricably linked with dynamics of
smaller trees (Machado & Oliveira-Filho 2010) aragpg with low water availablility could lead to
density and basal area reduction over the yearspif@eof recruitment be superior in G1(canopy
group) and G4 (understory group) and the ingrovit6® and G3 be high, their not compensate the
community lost of individuals and basal area. Thennegative effects of water flow reduction in
G2 and G3 was superior to any positive effectsira@d G4 groups.

The more stable group (G1) consists in canopy speand few non-affected understory due
to low mortality in all riparian forest sectors. Mality of this group was concentrated in riverside
(68% of total mortality of this group) but still o smaller than G2 and G3 in this sector (10% of
total mortality in riverside). Canopy species uBuplesents deeper roots and these kinds of plants
are the most able to obtain water in deeper spdria(Breshears & Barnes 1999) even in drought
months (Saha et al. 2008). We believe that low afioytof this canopy group is very important to
forest moisture retention and will be a good groupecovery of areas with similar drought impacts
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by three reasons: 1) mortality itself is a disadaga to water soil storage due to evapotranspiratio
increase (Breshears et al. 1997) outside tree ddeéire & Rambal 1993%hus plant composition
influences soil moisture distribution (Breshears Barnes 1999) and low mortality prevents
moisture loss to the atmosphere; 2) this groupahgsod recruitment and ingrowth rates despite of
riparian sector, then even saplings still survifteraiver water flow reduction and 3) canopy trees
are critically important sources of fruits, floweasd shelters to animal populations due their
reproductively dominance and strong influence nesb structure (McNeely 2002).

In general, riverbed sector become as drier aardisbd the shore and this implies in water
reduction distribution and consequently soil hegereity. Floristic gradients in forest are related
with soil, slope, topography, and water availatiiartlan et al. 1986; Oliveira-Filho et al. 1998;
Oliveira-Filho et al. 1994; van den Berg & Oliveifdho 1999), due to the diversity of
microclimates generated enhance the diversity andugtivity (Naiman & Decamps 1997). In this
riparian forest, only water available was modifiad severely reduced. Before flow regulation
was expected that the river provides high soil touogsin many riparian forest patches. Occasional
floods, per example, can create distinct regermratiiches that facilitate species coexistence
(Naiman & Decamps 1997and this kind of event became nuTherefore, water absence
transformed moist patches making them similar wséhoutlying areas to the river, reducing
moisture heterogeneity. The short term consequewees mortality of water dependent groups,
especially from understory, and recruitment andhhigrnover of some understory generalist
species. However the importance of these genesgsties still low and cannot compensate the
high loss in trees and basal area by other spadlespredict, as a long term consequence, that the
species of water dependent group will be replaceddneralist groups (especially in understory)
and big canopy species will be maintained.

Considering that early life stages and herbs &elylito be particularly sensitive and
vulnerable to extreme water available conditiorasn(ter et al. 1985; Leuzinger et al. 2005; Stefan
et al. 2007)we believe in more several changes to seedlingdéinga and non-arboreal flora than
arboreal component in all riparian environments, imainly to water dependent patches. Some
indications of this tendency could be made by higgruitment and mortality of understory species
(those with fast dynamic in the community), in mside plots. More, the understory species
recruited in riverside plots were common to théattissectors, and the riverbed became floristically
more similar to distant patches. We can conclude tte riparian patches nearest the river will be
replaced, over the years, by less water depengecies and riparian moist forest will become in
other physiognomy, less water dependent in dryose§srobably a semideciduous dry forest, a
kind of forest common in regions with marked seasahimate and independent of direct river



55

influence). Finally, If water flow reduction affext understory trees, will certainly cause a negativ
effects many herbs and scrubs changing the eotigd flora.

Dynamics analysis based on groups and ripariarorsediscrimination clarified spillway
effects in riparian forest, confirming our hypotiseabout the existence of species with distinct
responses to dam impacts. First, a canopy groupnetaffected by water flow reduction in any
riparian sector, including raise their basal athan the spillway effects are positive to this grou
Second, stream plots are a positive/stable platierée species groups (G1, G3 and G4), but many
G3 trees died and even near the stream was negéfiaasted by river flow reduction. Stream water
certainly reduces drought effects, and not substastought could not cause severe plant mortality
(Breshears et al. 2005; Gitlin et al. 2006; Gobebral. 2005) However even though in general
there were no major modifications, we demonstrahed at least two group of species suffering
from the reduction of river water, even in plotes#g to the stream, then generalization should be
cautions in any study. Third, G4 is a instable grewith high turnover rates but also with major
positive net values, therefore, this group showdd the faster dynamic in community, and we
predicts that this group will dominate the undengto the future. Fourth, our work focus in tree
community and probably the more stable portionntire vegetation, however in only four years of
reduced water flow, the tree community was sevensbglified and this implies in more changes

during next years.
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Apendice Il — Median values to soil moisture atthdepths (0-10 cm, 20-30 cm and 40-50 cm)
along seasons near (5m) and distant (15m) to thkesh0 = before damming, T1 = one year after
damming and T3 = three years after damming in ariap forest affected by dam on southern

Brazil.

0-10cm 20-30cm 40 -50 cm

Near Far Near Far Near Far

TO 24.00 30.77 21.52 27.85 16.67 16.92

Half Rainy | T1 30.95 21.95 17.50 14.29 16.28 13.21
T3 37.25 28.85 30.19 23.33 28.07 21.88

TO 32.08 29.55 32.00 22.64 28.00 21.43

End Rainy| T130.43 32.73 32.08 27.12 32.76 21.74
T3 28.77 24.68 2459 25.76 29.23 21.62

TO 22.41 22,92 10.00 12.07 12.07 12.70

Half Dry |T1 10.64 12.73 12.00 11.48 17.02 10.17
T3 7.04 13.04 5.75 9.86 9.09 12.16

TO 14.29 11.86 13.21 10.17 17.02 10.45

End Dry T1 8.93 9.68 9.26 10.77 11.54 10.45
T3 12.00 14.06 10.77 11.67 10.61 14.04
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Appendix lll — Tree species parameters to numbendividuals and basal area, and dynamics ratedl tfpecies with at least five individuals in a
riparian forest in southern Brazil. NO = numbeirafividuals in TO (before water flow reduction),bnumber of dead trees, R = number of recruits,
N4 = number of individuals in T4 (four years afteaiter flow reduction), BATO = basal area in TO, BAlbasal area of dead individuals, DcBA =
decrement of basal area, IcBA = increment of baszd, BAR = basal area of recruits, BAT4 = basaaan T4, M = mortality rate, O = outgrowth
rate, R = recruitment rate and | = Ingrowth rate.

Dynamic
Species Number of individuals Basal area (cf) Dynamics rates used in analysis éroup
NO D R N4 BATO BAD DcBA IcBA BAR BAT4 M O R I
Acacia glomerosa 10 2 - 8 866.82 114.91 - 234.79 - 1005.80 543 6.79 - 10.19 G2
Alibertia edulis 74 18 6 62 7047.88 774.47 -1395.87 444.08 59.78 4874.39 6.73 1349 251 6.16 G3
Cordieria sessilis 17 2 19 861.21 42.10 -143.80 208.37 114.37 897.77 3.08 8.72 574 14.33 Gl
Andira sp. 21 1 1 21 8015.64 - -67.64 332.79 31.83 8085.95 121 143 121 1.75 Gl
Apeiba tibourbou 5 1 - 4 2136.83 - - 195.74 - 1906.13 543 6.05 - 3.32 G2
Apuleia leiocarpa 25 1 3 27 9874.17 528.57 - 1946.12 72.22 12021.08 1.02 190 290 6.79 Gl
Astronium fraxinifolium 5 - 2 7 841.73 - - 94.76 21.66 998.00 - - 8.07 5.47 Gl
Bauhinia ungulata 40 17 4 27 2266.46 136.63 -10.21 568.48 91.22 2112.70 12.92 1444 3.93 14.60 G2
Byrsonima laxiflora 13 2 6 17 1493.61 40.29 - 258.49 - 1846.47 409 273 10.31 11.24 Gl
Campomanesia velutina 8 2 2 8 288.43 - -16.91 45.14 17.90 305.38 6.94 11.47 6.94 24.12 G4
Casearia sylvestris 25 7 2 20 1750.08 350.76 -0.44 180.96 20.37 1532.78 788 865 260 6.37 G2
Cecropia pachystachya 7 - - 7 553.60 - - 85.10 - 782.70 - - - 8.29 Gl
Cheiloclinum cognatum 14 - 1 15 2923.21 - -83.20 151.93 - 3057.24 - 262 171 3.87 Gl
Chomelia ribesioides 8 4 1 5 219.89 19.12 - 61.25 19.12 196.08 1591 17.25 5.43 19.10 G3
Chrysophyllum marginatum 5 2 - 3 1291.48 17.90 - 151.97 - 1442.60 1199 134 - 4.03 G2
Coccoloba mollis 59 19 3 43 6131.97 1760.03  -65.53 868.96 81.25 3838.07 9.26 1941 1.79 10.11 G3
Copaifera langsdorffii 49 5 2 46  65942.73 2451.08 -384.72 4091.78 23.00 70285.98 265 152 111 3.10 Gl
Coussarea hydrangeifolia 63 13 3 53 5280.79 774.66 -41.34 573.85 62.49 4746.45 561 842 145 6.34 G2
Cupania vernalis 4 - 1 5 1347.96 - - 167.59 20.37 1729.95 - 0.15 543 6.54 Gl
Duguetia lanceolata 5 - - 5 811.01 - - 727.48 - 962.73 - 31.07 - 33.96 G4
Erythroxylum daphnites 10 2 2 10 271.96 30.26 - 74.50 23.00 364.84 543 6.39 543 19.83 G4
Eugenia florida 8 3 2 7 1054.10 87.24 - 207.88 47.85 786.98 11.09 14.97 8.07 10.57 G3



Ficusspl

Guazuma ulmifolia
Hirtella gracilipes
Hymenaea courbaril

Inga laurina

Inga vera

Matayba guianensis
Miconia albicans
Micropholis venulosa
Myracrodruon urundeuva
Myrcia splendes

Myrcia laruotteana
Ormosia arborea
Platypodium elegans
Pouteria torta

Protium heptaphyllum
Rhaminidium elaeocarpum
Salacia elliptica
Siparuna guianensis
Tabebuia roseo-alba
Tapirira guianensis
Terminalia brasiliensis
Terminalia phaeocarpa
Tocoyena formosa
Unonopsis lindmanii
Xylopia aromatica
Zanthoxyllum riedelianum

12
7
174
35
70
38
34

33
10
17
20
18
94

12
78
13
61
23

26
20
12

g kL NN O N

W o W krk FPrw

N

23104.75 -
1240.17 362.57
44130.26 5679.17
56417.67 143.74
44943.54 8765.40
10018.68 1288.26

4304.04 592.83
345.39 244.08
4302.09 -
2288.32 -
1492.45 210.92
1429.01 131.58
4506.74 -
5181.97 484.15
11769.36 -
32266.54 64.02
769.01 -
6190.89 -
3446.09 319.92
1104.25 27.24
17736.76 367.27
15933.70 305.90
6364.23 -
259.04 25.78
3439.15 59.07

3722.25 1166.98
3042.38 121.06

-1401.44 607.15 31.83
- 136.77 -
-4069.07 3452.00 210.36
-188.70 3100.45 20.37
-1902.53 1459.33 25.78

-633.38 503.19 -
-6.60 490.02 87.06
-14.72  69.57 57.40
-45.16 346.94 66.21
- 126.39 -
-40.72 193.99 -
-355.63 58.93 20.37
- 370.07 -
-450.59 914.24 20.37
-171.67 450.07 -
1207.19 2845.91 102.36
- 98.72 23.00
-15.60 309.34 -
-227.93 1123.79 492.52
- 119.96 -
-919.91 2210.48 96.93
-353.18 874.83 -
-3178.73 140.29 -
- 10.09 -
-15.74 726.40 59.86
-166.87 321.93 100.90
-2.43 217.64 -

27072.43
1056.43
36784.42
61322.77
31253.56
6313.22
3967.46
188.96
4287.13
2413.10
1443.57
706.77
3333.07
5314.61
9249.07
35044.13
919.10
6687.77
3674.38
1240.01
16875.80
14624.04
3343.92
235.73
4262.84
2410.58
2981.98

3.78
5.63
2.22
5.85
12.77
8.34
26.89

5.79
20.47
3.08
2.60
1.42
1.36

6.74
1.98
4.85
3.43
5.43
5.43
3.02
13.88
6.94

1.61
8.28
10.20
0.45
17.49
14.03
9.33
33.83
2.82
0.23
8.34
21.19
13.66
5.61
8.01
1.92
0.13
0.28
14.23
1.16
7.09
531
16.10
4.87
2.56
14.94
4.80

1.98

2.23
0.77
1.74
1.11
6.20
24.02
13.06

0.94
5.43
1.60
1.34
1.42
1.62
2.90

11.91
1.98
1.91

3.02
10.31

5.47
4.53
6.30
2.52
9.77
3.60
8.72
47.67
3.28
1.55
8.08
6.91
7.09
6.32
2.71
4.04
5.21
2.18
28.54
491
6.16
3.26
1.45
2.60
8.24
6.97
4.33

G1
G2
G2
Gl
G3
G3
G2
G4
G1
Gl
G2
G3
G3
Gl
G2
Gl
G1
Gl
G4
Gl
G2
G2
G3
G2
G1
G3
G2

58



59

CHAPTER 3

Changes on seasonal forests community beneath
dam impacts: a dynamic study
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Resumo: Alteragées na comunidade arbérea de flores sazonais sob impactos de barragem:
um estudo de dinamica.

Mudancas locais causadas por represas podem gticdsaconsequéncias para o ecossistema, nao
somente alterando o regime hidrico como também finaddo areas as margens do lago gerado
apos seu enchimento. No entanto, ndo existem estigth@porais que avaliem empiricamente o
aumento na umidade do solo apds represamento eef®ics para florestas estacionais tropicais
gue passam a se situar as margens do reservaiésim, avaliamos o efeito da aproximacao da
linha de agua em trés florestas tropicais, com degsda estacionalidade climatica, através de
analises de umidade do solo e dindmica da comumidaadrea. Nossa hipotese € que havera
aumento na umidade do solo, com rapidas modificag@s comunidades, além das areas mais
afetadas serem aquelas mais proximas da margenstianpelo reservatorio. Diferente de outras
barragens, a vazéo destas estudadas € controladautpas barragens a montante, ndo sofrendo
flutuacbes sazonais. As parcelaforam alocadas t& par margem da represa e acompanham a
floresta perpendicularmente ao leito da represap@m hd 60 parcelas de 20 x 10 m. Analises de
solo antes e depois do represamento foram reasizadatrés profundidades (0-10cm, 20-30cm e
40-50cm) a 5m e 15m de distancia da beira do ras®i@. Foram realizadas amostras das
comunidades arbdreas antes (T0), dois (T2) e qaatns (T4) apds 0 represamento, para arvores
com diametro a altura do peito com minimo de 4.77#onam calculadas as taxas de dindmica, o
turnover e as mudancas liquidas da comunidade, bem cortes testatisticos para comprovar o
aumento da umidade do solo e modificacbes ocormaa@scomunidades estudadas. As analises
demonstraram aumento na umidade do solo nas erésths, principalmente durante a estacéo seca
e nos setores mais proximos ao reservatério. De, fatorreu aumento na area basal das
comunidades devido ao rapido crescimento de digdratividuos (sobretudo os de grande porte),
com altas taxas de dindmica. Os maiduesoverspara individuos e area basal ocorreram nos dois
primeiros anos apds o represamento, demonstramigaréroca de individuos apds o inicio do
disturbio, proximo a beira do lago. Além disso,nasdancas liquidas neste setor demonstraram o
rapido espacamento das arvores na beira da regresmseqiente aumento na heterogeneidade
espacial, com separacao entre area afetada comesirs® maior porte (beira do rio, a 0-30m de
distancia da margem) e area sem grandes alterggdeso a comunidade original (a 30—60m de
distancia da margem). Porém, em todas as floresiage reducdo nas taxas de dinamica nos anos

seguintes (T2-T4), indicando que estas florestadet®m a estabilizar apds o forte impacto inicial.

Palavras chave: mortalidade, recrutamento, incremeto, turnover, mudancas liquidas

Key words: mortality, recruitment, ingrowth, turnov er, net changes



61

Introduction

The knowledge about consequences of artificialrueses created by man can be seen into
two different ways. Macro-scale consequences degerk with fast landscape changes such as
habitat fragmentation due to roads and highwayeresive flooding areas and, consequently,
mortality of many biotic elements, downstream wadli@wv reduction with biomass loss by death of
trees and no longer carbon assimilation by photb&gms. Then, just the act of building dams
causes these problems and with many changes teciapel. These macro-scale consequences are
easy to be noticed; nevertheless, local changes @dim construction are not. These local changes
are micro-scale consequences, related to problémsficult comprehension and deserve detailed

studies.

There are several examples of micro-scale conseqsafter dam construction: generation
of a large pulse of methane and carbon dioxide saris (Duchemin et al. 1995; Fearnside 2001,
2002; Soumis et al. 2004), water biochemistry clkaniumborg et al. 1997), explosion of disease
vectors such as mosquitoes (Fearnside 2005; LuZz;1Ratz et al. 2000), increase of illness
incidence associated to stagnant water (Steinmiaal 2006) and decrease fungal (Hu et al. 2010),
herbs and shrubs diversity (Dynesius et al. 200sbih et al. 1997). All these local problems not
change the landscape in a short time period, bair ttong-term effects can have drastic
consequences. After conversion of a running-wabéc) system to a stillwater (lentic) one, aquatic
weeds cover the water enhancing methane flux togthrere (Fearnside 2002) and the carnivorous
fish abundance increase, leading to a drastic temtuon fish diversity (Leite & Bittencourt 1991).
To terrestrial environment, the biomass loss duehigh mortality of tree species associated to
water resources few years after water flow redactin dam downstream, highly alters the forest

understory (Chapter 1).

These changes in terrestrial environments arecaritbecause plants represent primary
producers and the basal component of most ecosydfeoneau et al. 2001). However, most of
studies focus on dam impacts to grass, herbs antds(Mallik & Richardson 2009; Nilsson et al.
1991; Nilsson & Svedmark 2002) and are concentraiecbld environments with low diversity
(Dynesius et al. 2004; Jansson et al. 2000; Nilstoml. 1997), although most dams construction
occur on high diversity tropical systems (Guo e8l07; Johansson & Nilsson 2002; Nilsson et al.
1997; Nilsson et al. 2005) dominated by trees. fammsons between dammed and not dammed
rivers are frequent too (Nilsson et al. 1997; Nifs® Svedmark 2002), notwithstanding temporal

studies which monitoring dam consequences oveydhes are nonexistent.
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Monitoring studies which evaluates dynamic of matiarests (Condit et al. 1999; Lewis et
al. 2004; Phillips et al. 2004; Sheil et al. 2008),tree community changes related to natural or
anthropogenic disturbances (Chazdon et al. 200&z@@n et al. 2007; Condit et al. 2004; Machado
& Oliveira-Filho 2010; Oliveira et al. 1997) are deispread, hence still missing evaluate dam
consequences to forest communities. Majority oflesrlarge rivers have a regulated flow (Nilsson
et al. 2005) then dynamic studies should clarifjndenpacts on many environments. Moreover
most dams are built to generate electricity (Tnufed al. 2003), thereby are implanted on
mountainous terrain (Nilsson & Berggren 2000) wease efficiency of energy production (Truffer
et al. 2003). Thus, we choose to evaluate upstréeam consequences to three dry forests on
southern Brazil. These forests are associated tmtamous or at least steep terrain, and thenrare a
excellent object of study to infer changes to otteeests with similar impact. These dry forests
have a marked dry season with lack of rains, thensater approach after dam construction means
a total change on water relations to flora with ertein consequences. Besides, dry forest are
threatened environment (Espirito-Santo et al. 200i#es et al. 2006) enhancing the importance of

evaluate dam impacts over these communities.

Considering that even small changes to water redéawel induce changes on vegetation
structure (Nilsson 1996), the new shorelines cceéte dam will enhance soil moisture and we
predicted many changes on arboreal structure ssiar@at dynamic rates (because dam are severe
disturbance and disturbed forests presents higardigs rates), high ingrowth rates with basal area
increase (because wet forests had more basaltarealty forests — Murphy & Lugo 1986) and the
most impacted sites will be those closest to tieryiwhere the water approach will enhance soill

moisture.

Material and Methods

This study was carried out in three dry forest 4Ii840"S, 48°08'57"W, 18°40'31” S,
42°24'30”" W and 18°39'13” S, 48°25'04 W; FigureX located in the Amador Aguiar Complex
Dam (two dams located in Araguari River with 52nd &bm depth). All areas had slope terrains,
however the deciduous forest inclinations were mmacie pronounced than semideciduous forest
(in some plot the inclination was above 30°). Thredpminant soil types are dystrophic and
eutrophic podzolic soil and dystrophic cambissathwbasalt outcrops with micaxist and biotite-
gnaisse (Baccaro et al 2004; Baruqui & Mota 198BhNama 1989). The first dam (Amador

Aguiar Dam [, from here AD1), finished flooding 2005 and is at 624 meters of elevation (relative
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to sea level), with a flooded area of 18.68K@CBE 2007). The second dam (Amador Aguiar Dam
Il, from here AD2) ended flooding in 2006 and abS8eters of elevation, with a flooded area of
45.11knf (CCBE 20086).

After damming three seasonal dry forests (two demid and one semideciduous forests),
before distant at least 200m from any water so(gee Figure 3.2A as representation), now has the
riverbed on its edge since 2005 (AD1)/2006 (AD2)ffddent than other dams, water level is
controlled by water flow of an upstream dam; thgritere are no water fluctuations and no floods
occurrences in any period of the year. The clinmtsw (Koppen 1948) with a dry winter (april to
september) and a rainy summer (october to marcith, an average annual temperature of 22°C
and average rainfall of around 1595 mm (Santos &uAgé&o 2006).

>z

Triangulo Mineiro

o“® Studied areas

2550 100 200 g
L

Figure 3.1- Location of three seasonal dry forests which wéieceed by Amador Aguiar Complex
Dam, on Triangulo Mineiro, southern Brazil. Befatam construction these forests were distant
from water sources and now there are on the aalifike margin.

River bed after dam construction

Figure 3.2- “A” - Representation of upstream landscape changegsvater proximity to dry forest
after dam construction. “B” - Plots scheme usettde community samples in three dry forests.
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Soil - To each forest we made ten soil samples at thstimct depths: 0—10cm, 20-30cm and 40—
50cm (total of 90 samples), five samples near iWerbved (five meters distant to water line) and
five 15m distant to the artificial lake. This segi@wn was important because we try to reveal how
the water increase affects the soil moisture déwhiht depths and the distance of dam influence in
soil moisture. To calculate soil moisture variatiove based on EMBRAPA methodology
(EMBRAPA 1997). We repeated soil samples everyahmenths to cover the middle and the end
of rainy and dry seasons. We also repeated sostorei collections in three distinct years: before
spillway construction (TO - original condition waht artificial lake influence created by dams),
after (T1) and during the third year after damm(ing).

We performed some soil moisture analyses for theg@ods (TO, T1 and T3). First, to check
soil data normality we perform Lilliefors test, kthe soil data did not presented normality. Then, t
verify damming effects on the different distanoge, made Friedman tests amongst 5m distant and
15m distant to shore separately. These tests wade in each soil depth to each season (middle of
rainy, end of rainy, middle of dry and end of deason), comparing the three years of measurement
(TO, T1 and T3). “Friedman” is a non-parametrict tesed to detect differences among repeated

multiples measures.

Finally, to compare damming effects on soil moistbetween 5m (close to shore) and 15m
of distance (distant to shore) we made Wilcoxotste&/e performed this test in each soil depth to
each season, comparing soil moisture near x fahtwe before damming (TO), one year after
damming (T1) and three years after damming (T3usT kwve realized 12 Wilcoxon tests in each soil
depth (three tests every season), totalizing 38 teseach forest (12 comparing near x far to shore
before and 24 after damming) and 108 in total.tA# analysis were made in Statistica Program
(StatSoft 2005).

Plant Sampling - The first inventory (TO) was carried out befal@mming in 2005 (on AD1) and

2006 (on AD2). In each forest were marked 60 peengaplots of 20x10m, totalizing 1.2ha by area
(total of 3.6ha sampled). A total of 10 plots (WB0m width) were installed at the site whererrive
reached flood elevation after damming and remaimlogs were installed perpendicular to river
margin (Figure 2B). Thus, samples were distribudgdry 10m of perpendicular distance to the
river (0-10m, 10-20m, 20-30m, 30-40m, 40-50m aneb8m of distance — Figure 2B), with some
samples linked. All trees with diameter at breasght (DBH) of at least 4.77cm were tagged with
aluminum labels. The stem diameter was measurg&d@m from the ground and in multiple stems

all live tillers were measure at 1.30m too. Thetfinventory (TO) results are published in 2009
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(Kilca et al. 2009; Siqueira et al. 2009). The set(T2) and third (T4) inventories were carried out
in two and four years after damming. These samsglifejlowed the same procedure of first

inventory. New individuals that met inclusion crige(recruits) were measured and identified, and
mortality refers to standing dead trees, falleegrer not found individuals. All these analysesewver

performed in Systat 10.2 program (Wilkinson 2002).

After test data normality to number of individualad basal area in all forests to three
measurement times with Liliefors test (data wersmad), we compared the number of individuals
and basal area of three plant inventories (TO,A®®4) in each forest with ANOVA test, followed
by post-hoc Tukey test. Then, we test the numbeteald trees and recruits in TO-T2 and T2-T4
periods with paired “t” test. The same procedurs @wane with basal area of death trees, recruits,
increment and decrement. We still made paired€st between plots based on distances to river,
comparing TO-T2, T2-T4 and TO-T4 periods apart. thes analysis, after some exploratory
investigations, we combined both deciduous forest asingle forest (the damming effects were
very similar to both forest) and separate plotsiia distance groups too, samples near riverbed (0-
30m of distance) and samples distant to riverb€d6(Bn of distance). All these analyses were

performed in Systat 10.2 program (Wilkinson 2002).

Dynamics rates- We based the community dynamics on mortalityyuiément, outgrowth and
ingrowth rates. Annual mortality (m) and recruitrhér) were calculated in terms of annual rates
(see formulas on Sheil et al. 1995; Sheil et alR@utgrowth annual rates refers to basal area of
dead trees plus dead branches basal area of tr@eg (decrement) and ingrowth annual rates refers
to basal area of recruits plus growth in basal afeaurviving trees (increment). To evaluate
changes in forest we computed turnover rates fdividuals and basal area through mortality-
recruitment rates and outgrowth-ingrowth rates@ia-Filho et al. 2007). Then we evaluated the
net change (Korning & Balslev 1994) to individualsd basal area and compute an overall net
change (ONC, average between individuals and lasal net change — all detailed formulas on
Chapter 1).

Results

Soil - Friedman tests near and far to lakeshore showédnsisture increase due to approach of
water line on the forest margin. There were sigaiit increase in soil moisture after damming to

all forests; however, damming effects in soil maistwere higher in end of dry season. To both
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deciduous forests soil moisture increased sigmiigao all depths (p<0.05, F>7.6) and marginally
significant in semideciduous forest (p<0.10, F=%0@&)h near (5m) and far (15m) to lakeshore. In
middle of dry season the results were similar. éfthbdeciduous forest there were a significant
increase in soil moisture in all depths (p<0.057 B¥ and both near and distant to water line. The
semideciduous forest was an exception, with noifsignt changes in soil moisture in middle of
dry season distant to the shore; but near to Viagrsoil moisture increased marginally signifitan
in 0-10cm and 20-30cm (p<0.10, F>5.2) and significa 40-50cm (p<0.05, F=6.4). Damming
consequences to soil moisture throughout the dagmse were summarized on Figure 3.3A and
3.3B.

0-10 cm
/1 120-30 cm
/ 140-50 cm

Dry Season Dam Interference

water from

distant to ~
water resources S

1228 Dagm + Rain Interference
IR REER]

distant to
water resources, ranaa

5m 15 m 5m 15 m

Figure 3.3- Summary of soil moisture changes occurred due tagi®on of dams. A and C
represents soil moisture on dry forests before dagmnd B and D represents soil moisture after
damming construction. A B shows high damming influences to soil moistunedoy season; the
soil moisture increase after dams constructionkingahe strength of dry season3D show low
damming influences to soil moisture on rainy seadbe increase in soil moisture was less
conclusive due rainfall variation in these period§he continuous line represents soil surface,
vertical black bars represents soil samples sibise bars represents soil moisture and their
thickness illustrates soil moisture, then thickarsorepresents more water available on soil; 5m and
15m represents the distance to the lakeshore @fteirming. After dam influence, soil moisture
increase mainly on dry season and mainly nearddakeshore. Detailed tests about soil moisture
were summarized on Appendix IV, V, VI, VII, VIII a@nlX.

In rainy season (middle and end) results were mar&ble. In deciduous forest 2 (DF2)
and semiciduous forest (SF) there was an increaseili moisture to 0—10cm depth both near and
distant to lakeshore (p<0.05, F>7.6) in middleadfy season after damming. To deciduous forest 1
(DF1), near to shore presented a marginally sicgnifi increase only near to shore (p<0.10, F=5.2)
in this soil depth. To 20-30cm deep near to sharBF2 and in SF forest there were an increase in
soil moisture (significant to deciduous - p<0.057F; and marginally significant to semideciduos

- p<0.1, F=5.2) after damming. Far to shore, irr-3Em deep, there was an increase in soil
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moisture only in deciduous forest 2. Finally in 8@cm deep, far to shore, soil moisture becomes
higher after damming in both deciduous forest (nmaify significant to DF2 - p<0.1, F=5.2 and
significant to DF1 — p<0.05, F=6.4). However, in D#he soil moisture increase occurs only three
years after damming. In end of rainy season ak des inconclusive. Sometimes soil moisture
were higher in TO, other times were higher aftenoéng (occasionally in T1, in other cases in T3).
These results probably happened due heavy raittssrperiod making any soil moisture sample
more influenced by rainfall than by water from dddamming consequences were noted with

certainty only near to the lakeshore throughout#ingy season (Figure 3.3C and 3.3D).

The comparison between the distances from the hakesdemonstrated that, to all soil
depths, the increase of soil moist was higher tiean far to margin, especially in dry seasons
(middle and end) after damming (T1 and T3). In 38Bc@kon tests after damming (T1 plus T3)
between near x far to dry periods, in 21 soil wagaificant moister near to shore, and in others 15
present no differences. Just to contrast, beforendag (TO) in 18 tests comparing near x far to
shore, only in four the soil moisture was highesail samples in sites which become near to shore

after damming. Then, the soil clearly becomes reoist samples near water line after damming.

To rain periods, before damming (T0), the 18 testaparing near x far to shore showed no
differences in soil moisture in these distancesweéier of the 36 comparison after damming (T1
plus T3) between near x far, in seven the soil neahore was moister than far to shore. These
results evidence that soil really become moistar ilean far to shore and raise in moisture was
much more evident in dry periods (damming consecg®ito soil moisture were summarized on
Figure 3.3). Damming consequences to soil moidtumeughout the dry season were summarized
on Figure 3.3A and 3.3B.

Structural changes in forests There were no strong variations in number of irdlnals in three
times to any forest (Table 3.1) with no significalitferences (Table 3.2). Indeed mortality and
recruitment of trees in TO-T2 and T2-T4 period wsirailar (Table 3.1), masking possible effects
in communities. However, basal area presents a itlegease (Table 3.1) statistically confirmed to
both deciduous forest in TO-T4 but not to semidacits forest (Table 3.2). This enlargement
occurred mainly due strong trees increment duttegfour years of damming (Table 3.1). Even to
SF, basal area gain was high (11.59% in four yeaspnly due increment and mortality in T2-T4
but also to low mortality lost in T2-T4 (Table 3.1)

There was a contrast between first two years ofrdisugy and after the second year (T2-T4)

among deciduous and semidecidous forests. In thetiWwo years the mortality and recruitment
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(number of individuals and basal area) were similaall forest while the increment in deciduous
forest was higher than in semideciduous forest. él@w in T2-T4, mortality in semideciduous
forest was much smaller than in deciduous whileuitnent and increment were similar between
the three forests (Table 3.1).

These results lead, in general, to high dynamitssren all forests in TO-T4. However the
dynamics rates were high in TO-T2 and much smail@2-T4, especially in both deciduous forests
to all rates and for mortality and outgrowth in séesiduous forest. The ingrowth rates, for
example, decreased from 11%.yk#w less than 7.5%.yeain deciduous forest, and recruitment
decreased from ~7% yéato 4.7%.yeat in deciduous 1 and ~7% to ~2%.yédn deciduous
(Table 3.1); otherwise, ingrowth and recruitmentsain semideciduous forest were just slightly
higher in TO-T2 than T2-T4 period (Table 3.1).

Table 3.1 - Tree community parameters on three uneasent times, before damming (TO), two
(T2) and four years (T4) after damming and tree roommity dynamics between measurement times
(TOto T2, T2 to T4 and TO to T4 periods). DF1 =dleious Forest 1, DF2 = Decidudous Forest 2
and SF = Semideciduous Forest.

TO T2 T4
Parameters DF1 DF2 SF DF1 DF2 SF DF1 DF2 SF
Number of individuals 1124 1626 1501 1136 1670 1489 1133 1649 1573
Mortality (N) (ha) 118.33158.33 134.17 90.83 81.67 39.17 209.17 240.00 173.33
Recruitment (N) (ha) 130.0085.00 125.00 86.67 62.50 108.33 216.67 247.50 233.33
Basal area 16.8018.03 27.99 19.16 20.23 29.16 20.54 21.75 31.66
Mortality (n) 1.19 148 1.89 095 0.88 0.45 214 236 2.33
Recruitment (if) 0.37 048 1.50 044 0.17 0.50 081 065 1.99
Decrement () -0.16 -0.25 -0.19 -0.29 -0.22 -0.18 -0.45 -0.47 -0.36
Increment () 295 3.23 272 1.93 218 221 488 541 492
TO-T2 T2-T4 TO-T4
Mortality rate (% and) 6.53 6.02 5.52 492 298 159 6.12 4.76 3.66
Recruitment rate (% arfp 712 6.88 5.17 4.70 230 4.22 6.31 4.84 478
Outgrowth rate (% a9 492 594 455 397 331 142 498 5.08 3.10
Ingrowth rate (% and 10.99 11.69 6.49 7.21 6.70 5.45 9.62 9.67 6.07
Turnover (N) (% and) 6.82 6.45 5.34 4.81 264 291 6.22 4.80 4.22
Turnover (BA) (% ano) 796 882 552 559 5.00 344 730 7.38 458

Net change rate (N) (% anp 0.53 1.34 -0.40 -0.13 -0.63 2.78 0.20 0.35 1.18
Net change rate (BA) (% anp 6.79 592 2.07 354 371 4.20 515 4.81 3.13
Overal net change (% afp 3.66 3.63 0.84 1.70 154 3.49 2.67 258 215
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Table 3.2 - Analysis of variance (ANOVA) to numlaéiindividuals and basal area between three
measurement times (TO, T2 and T4), to three Drg$tasn southern Brazil. In bold p < 0.05.

Number of
individuals Basal area
Forests df F p F p

Deciduous forest1 2 0.126 0.882 5.250 0.006
Deciduous forest2 2 0.200 0.980 3.540 0.031
Semideciduous fore: 2 1.199 0.304 1.482 0.230

To mortality and outgrowth, TO-T2 rates were higtiem T2-T4 to all forest, however these
rates declined sharply in semideciduous forest fafity from 5.2 to 1.6% yedrand outgrowth
from 4.5 to 1.6% yedr— Table 1). The contrast between TO-T2 and T2€B#l$ to high turnover
rates (to individuals and basal area) in the fiesirs of damming to all forests, but superior ithbo
deciduous forest (Table 3.1).

Net change rates helped to differentiate dammifeces in deciduous and semideciduous
forest. In first two years to both deciduous foseéstividuals net change were low, opposed to the
basal area where net increase was large (Table Bdyever, semideciduous forest presented
negative individuals net change and a low basa aet increase (Table 3.1), therefore the first two
years of damming modified more deciduous forests teemideciduous forest, and was more

positively too.

After two years of impoundment, increase in soilishoe presents distinct results. The
subsequent period analyzed (T2-T4) showed low nepatdividuals net chance (very close to 0)
in deciduous forest, but with a positive valuedemsleciduous forest (Table 3.1). This occurred due
very low mortality in T2-T4 period in semideciduolasest because recruitment was similar at TO-
T2 and T2-T4 periods (Table 1). The basal arezimatge to all forest were positively similar to all
forest; however, unlike first two years, net changesemideciduous forest was superior than
deciduous forests. Thus, overall net change (ONCileciduous forest in first two years were
higher than semideciduous forest (Table 3.1) otlserwin T2-T4 ONC in semideciduous was

superior.

The paired t-test just confirmed that damming inipaeere higher in TO-T2. Mortality was
significantly higher in all forests (Table 3.3),tbonly to deciduous forest the recruitment was
superior in TO-T2. To basal area, only incremens Wigher in the first two years to all forests and
recruitment in basal area was superior in deciddoests in this period (Table 3.3). An interesting
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result was related to basal area mortality in semdilous forest, which was extremely smaller than
two deciduous forest in T2-T4 (Table 3.1) and digant inferior to basal area of death trees istfir

two years of damming (Table 3.3).

The paired t-test between distances confirmed dapraffects in all forest (Table 3.4).
However, largest variations occurred near lakes@@0m of distance). The number of recruits
was higher in 0-30m to T2-T4 (both deciduous amdideciduous forest) but to TO-T4 period, only
to deciduous forests (Table 3.4). This occurred guenajor recruitment in 30-60m samples in
semideciduous forest on TO-T2 period, meanwhilthiat period, deciduous forests recruited more
trees on 0-30m plots than 30-60m. To recruits based the effect was clearer, near the lakeshore
recruitment were higher than 30-60m to TO-T2 per{@dble 3.4). To deciduous forests, this
happened in T2-T4 too reflecting in more recruisamthe dam after four years of damming.
However, to semideciduous forest, in T2-T4 peried trees were recruited near stream (0-30m),
and more recruits were found distant to riverbe@&G8m), showing that damming effects was

intense only in the first two years (Table 3.4).

Table 3.3 - Paired “t” test to number of individsiand basal area among TO-T2 and T2-T4 period
to three Dry Forests on southern Brazil. In bokd @05 and in italic p < 0.10. Positive values refe
to higher values on TO-T2 and negative values sdfehigher values on T2-T4 period.

Number of individuals Basal Area
Mortality Recruitment Mortality Recruitment Incrente Decrement
Forests df t p t p t p t p t p t p

DF1 59 1.985 0.052 3.278 0.002 0.811 0.421 3.351 0.001 3.299 0.002 1.833 0.072
DF2 59 4.623 0.001 7.894 0.001 1.489 0.142 7.347 0.001 3.774 0.001 -1.132 0.262
SF 59 4.998 0.001 1.096 0.277 3.184 0.002 1.434 0.157 3.413 0.001 -0.147 0.884
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Table 3.4- Paired “t” test among plots close to the lakesi{6r80 m) and plots distant to margin
(30-60 m) to number of individuals and basal acealltperiods (TO-T2, T2-T4 and TO-T4) in three
Dry Forest on southern Brazih bold p < 0.05 and in italic p < 0.10.

Number of individuals

Forests Death Trees Recruits
T0-T2 T2-T4 TO-T4 T0-T2 T2-T4 TO-T4
t p t p t p t p t p t p

DF df=118 0.680.497 0.48 0.634 0.80 0.428 1.57 0.119 2.61 0.010 2.55 0.012
SF df=58 1.460.151 -0.12 0.904 1.27 0.211 -1.44 0.154 1.66 0.100 0.34 0.737

Basal area
Death Trees Recruits
T0-T2 T2-T4 TO-T4 T0-T2 T2-T4 TO-T4
t p t p t p t p t p t p

DF. df=118 -0.930.356 1.04 0.303 -0.22 0.827 1.69 0.095 2.74 0.007 2.59 0.011
SF df=58 1.500.140 -0.90 0.375 1.20 0.236 -2.21 0.031 2.00 0.051 -0.45 0.658

Increment Decrement
TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4
t p t p t p t p t p t p

DF. df=118 2.260.026 1.35 0.181 2.07 0.040 0.81 0.417 -1.53 0.128 0.08 0.934
SF  df=58 1.180.243 0.99 0.326 1.24 0.220 1.77 0.082 0.18 0.860 1.30 0.198

Discussion

Soil moisture and vegetation The soil moisture analysis successfidhowed damming effects in

soil moisture over dry season (middle and end isf $bason) to all depths (0-10cm, 20-30cm and
40-50cm) and to all three dry forests. More, sodisture increases both near and until 15m of
distance to lakeshore. These results infer changesoil hydrology on these forests leading to
many forest alterations, mainly because 80% rommbss in dry forests are found in first 50cm of
soil depth (Raherison & Grouzis 2005), and sameiofarests in general too (Kiley & Schneider

2005; Tufekcioglu et al. 1998). In seasonal enviments, the soil water shortage is high due lower
overall rainfall on winter (Stefan et al. 2007hus$ was expected that changes in soil moisture up t

50cm of soil depth implies in several changes auctire of dry forests.

The approach of water line may have two consequefacea single tree; in a worst case the
water overage creates anaerobic conditions whicHezd to anoxia and cell death in roots, ceasing
plant growth and consequently killing the tree (BI& Voesenek 1996; Nilsson & Berggren 2000;
Vartapetian & Jackson 1997); otherwise, soil meesincrease can broke the lack of water, making
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the environment less stressful, reducing the chaheceot dissection and enhance the plant growth.
Into the deciduous forests for example, soil arglée(Kilca et al. 2009; Siqueira et al. 2009)t bu

are deficient in water supply (Pennington et alD®0overdue water shortage in drought season.
These droughts reduce photosynthesis efficiencyl@&n et al. 1996; Reichstein et al. 2002) and
have adverse effect on growth (Suarez et al. 2004grefore, if this lack of water is suppressed,
there are no restrictions to plant growth (Guilherret al 2004), and an increase in their

metabolically efficiency (like photosynthesis) shibhe expected, leading to fast tree growth.

Raise in Basal Area -In general, changes occurred mainly on basal argastrong increment
rates and gain (ingrowth) superior of 9% yeiar deciduous forest and 6% y&an semideciduous
forest after four years of damming (correspond tncaease in basal area superioddnt.ha’ in

all forests. These values were higher than majoerodynamic studies in other tropical rain forests
(Korning & Balslev 1994; Lewis et al. 2004; Mano&ar& Kochummen 1987; Phillips et al. 2004;
Rolim et al. 1999; Sheil et al. 2000), tropicals®zal forests (Carvalho & Felfili 2011; Marin et al
2005; Swaine et al. 1990; Werneck & Franceschir94), riparian forest (Braga & Rezende
2007; Felfili 1995; Chapter 1) and even higher tharest which suffer with intense impacts
(Chazdon et al. 2007; Condit et al. 2004; MachadoOl&eira-Filho 2010), mainly considering both
deciduous forest.

These high rates in deciduous forest probable aeecdmbination of two favorable abiotic
factors: the soil moisture supply (by water apphjaand good soil nutrition support (already
occurring in these forests). Drought in deciduaarests is more pronounced due rocky terrain with
steep slopes than semideciduous forests, then lordiagl more negative consequences to these
vegetations. Is known that drought represents ameajnstraint on plant growth and productivity in
most terrestrial plant communities (Churkina & Rimgn1998; Hinckley et al. 1979) due decline
plants photosynthetic capacity (Martin et al. 19®therwise soil fertility increases net produdipvi
(Malhi et al. 2004; Phillips et al. 2004). Therafpthe combination of water supply and high
fertility leads to greater above-ground forest prcitvity in deciduous forest than semideciduous.
The ingrowth rates in semideciduous forest wagimfdecause the soil is much less fertile than in
deciduous forest (Kilca et al. 2009; Siqueira e2@D9), then still exist a limiter to plants grawvt

High turnovers in first years after damming - When a severe disturbance occurs is expected a
reduction in basal area and density (Machado & éMasFilho 2010) but, for the three studied
forests, basal area not only increased, but alsaémsity remained constant, due to offsetting of

recruitment over mortality. Whilst many small trebsd (93% of died trees were smaller than 20cm
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of diameter), a great number of trees were reauieajor recruit were between the minimum of

4.77cm until 10cm of diameter), therefore this d®of trees provided high turnover, not only in

basal area, but in density too. The high valuesiofover (individuals and basal) was superior to
the vast majority of other studies in forests (papers compared in the previous paragraphs),
exemplified the damming impact on dry forest and ltleese forests were disrupted.

This change in turnover probably occur due inteoacof some factors. First, long winter
season limits net primary productivity (Pregitzeregiskirchen 2004; Stephenson & van Mantgem
2005) by water scarcity or cold (here, the scaroitywvater is much important due the sites be
located in tropical zone) and it means less chamdpasal and individuals; however, this limitation
was broke by water approach enhancing plant gro®gbond, richer soils had higher turnover rates
compared to less fertile soils (Phillips et al. 208tephenson & van Mantgem 2005), then a fertile
soil favors survivor of more individuals if othenvdronment factors are not limiter. Third, the
proximity of water table reduces the seasonalitfeat$ on soil moisture and aseasonal
environments favors the organisms that attack plénhgi and nematodes for example) leading to
higher death rates (Givnish 1999). More, deathviddials open spaces to other trees leading to
higher recruitment rates (Stephenson & van Mant@®®5), consequently high turnover rates.
Forth, in absence of a significant disturbancdlelinet change in living mass is expected
(Stephenson & van Mantgem 2005). Others deciduotsst presents less than 4.5% Veaf
turnover rates (Carvalho & Felfili 2011; Marin ek 2005; Swaine et al. 1990; Werneck &
Franceschinelli 2004) due low mortality and basabhdoss. However, in dry forests analyzed here
not only the small trees died, but some large tcked too (7% of all died trees were bigger than
20cm of diameter). Even so these big trees repteg@% of total basal area lost, and fall of these
individuals can hit and die many other small treesance gaps creation (Pearson et al. 2003); then,
trees turnover in gaps tend to be faster than mgneanvironment. Turnover rates are important
because are positive correlated with net primamydpetivity (Runyon et al. 1994), and had
important implications to carbon capture. More awer will means more carbon in organic matter

allocated in trees on these forests and more cakcmange between trees and entire community.

This result however was tendentious. The organibara allocated in these forests not
compensated the carbon lost by flooding of origim@édrian forest. An original riparian forest in
these region possess about 40m" (Rodrigues et al. 2010), and many were entirediéab More,
increase in basal area and turnover rates werenegly high in first two years after damming, but
reduced in T2-T4 (which assess the period of twimtw years of measurement). This occurs to all

parameters analyzed for individuals (mortality aretruitment) and basal area (mortality,
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recruitment, increment and decrement - however,iddeas forests follow a pattern and
semideciduous follow another pattern, we will dsshis contrast follow). T2-T4 dynamic rates
were more closely compared to other dry forest whoertality varies to 2.3 — 5.0% y&aand
recruitment varies to 1.5 — 4.5% yégAppolinario et al. 2005; Machado & Oliveira-Fill&D10;
Oliveira et al. 1997; Paiva et al. 2007; Silva &a#ijo 2009; Swaine et al. 1990; Werneck &
Franceschinelli 2004), but many rates still highaimty ingrowth rates (highly influenced by

increment in basal area, superior than 5.45% Yyear

Then, we believe in a stabilization of the foreses in next years, just like occur with a
natural forest which suffer an antropogenic disinde (Toniato & de Oliveira-Filho 2004). In
these forests the first years after the disturbafarest presents high dynamic rates (mainly high
turnover rates); however, over the years rates tergfabilize. The difference in dam impact was
basal area gain over in few years after the imfg2espite of most work of forest dynamics be held
every five years, the disturbance caused by dam mvash more intense in first two years.
Therefore we suggest that forests with similar iobpaonitor may be monitored at least each two

years.

Forest heterogeneity and stabilization The forests changes and stabilization not follogeghme

pattern to deciduous and semideciuous forest aed éside each forest. For deciduous forest,
recruitment (in individuals and basal area) andement was intense near to shore (0-30cm) but
not semideciduous forest (with less recruit neatht® shore in TO-T2 and more recruits at this
distance in T2-T4, with no differences in four yeaf damming and no differences in increment
between distances). Thus, we could found a regulzoreal response pattern to deciduous forest,
where recruitment and increment of trees was petjtiaffect after damming in patches near water

table and strongly in first two year of impoundment

The basal area could drive the succession (vangeteet al. 2006) and high increase in
basal area occurs in early successional stage éHatpal. 2007) and/or after disturbance (Aide et
al. 1995; van Breugel et al. 2006). The most imghqtatch was near lakeshore, which expected a
succession period; however, a non-common succedstoause forest before damming was not in
early succession stage. The water approach createswv condition with water supplies, that
enhance environment heterogeneity and divided tranmnity in two main communities: a
“riparian-deciduous forest” near to shore and watsgssful distant to the margin (more similar to

original deciduous forest). Riparian systems comgpnesents high heterogeneity perpendicular
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to the watercourse (Ribeiro & Walter 2001; Rodrg&eNave 2000); however, this occur naturally

in environment.

Here, we had a rise of heterogeneity caused bymaamstruction, a human impact. The
water supply improves tree growth, increasing basah in many trees that become ticker near to
the shore. Without rains in dry season, low avélabsoil moisture prejudice plant performance
(Borchert 1994), declining their growth (Suarezakt2004). Of course those remote areas were
impacted by the river dam however with less intignsthis addition in heterogeneity and great
increase in trees increment near to shore wasnémsse in T2-T4 period too. The damming first
impact clearly caused major effects in tree stmect@ther works demonstrated that to other taxa,
first years after dam disturbance were more procealnle like rapid increase in aquatic vegetation
(Nilsson 1983), fishes and invertebrates explogi@ite & Bittencourt 1991; Luz 1994; Patz et al.
2000) but many changes tend to stabilize over dagsy(Lima et al. 2002), and with here the same
occurred to trees, with a stabilization after fitao years after impact. Great impacts tends to
change greatly arboreal structure, but tend talstalmver the years too (Aide et al. 1995; Chazdon
et al. 2005). We could infer that the “riparian-dieous forest” parameters tend to stabilize, even
near to river. However, unlike other transitorytdibances (winds, intense dry periods, cold),
damming is a permanent alteration and should toamstandscape to another scenario, probably

with major long-term consequences to environment.
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Apendice IV — Friedman soil moisture test resutimparing three sample periods (TO, T1 and T3)
for each year season to each soil depth in dec&ltarast 1. In bol p < 0.05 and in italic p < 0.10.
Always soil moisture was larger before damming @rid T3 periods). In “1” soil moisture was
bigger only in T3.

Near Far
p F p F

Season 0-10cm
Half Rainy  0.074 5.2 1.000 0.0
End Rainy  0.165 3.6 0.01% 8.4
Half Dry 0.007  10.0 0.015 8.4
End Dry 0.041 6.4 0.007  10.0

20-30cm
Half Rainy  0.949 0.1 0.854 0.3
End Rainy  0.549 1.2 0.074 5.2
Half Dry 0.022 7.6 0.022 7.6
End Dry 0.022 7.6 0.007  10.0

40 -50 cm
Half Rainy  0.819 0.4 0.041 6.4
End Rainy  0.247 2.8 0.036 6.6
Half Dry 0.007  10.0 0.022 7.6

End Dry 0.022 7.6 0.015 8.4
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Apendice V — Friedman soil moisture test resulisgaring three sample periods (TO, T1 and T3)
for each year season to each soil depth in dec&ltarast 2. In bol p < 0.05 and in italic p < 0.10.
Always soil moisture was bigger before damming @rd T3 periods). In “1” soil moisture was

smaller on T1 and in “2” soil moisture was biggefTi3.

Near Far
p F p F

Season 0-10cm
Half Rainy  0.007 10.0 0.022 7.6
End Rainy  0.549 1.2 0.022 7.6
Half Dry 0.016 8.3 0.015 8.4
End Dry 0.007 10.0 0.007 10.0

20-30cm
Half Rainy  0.022 7.6 0.091 4.8
End Rainy 0.02% 7.6 0.01% 8.4
Half Dry 0.015 8.4 0.022 7.6
End Dry 0.015 8.4 0.008 9.6

40 - 50 cm
Half Rainy 0.128 4.1 0.074 5.2
End Rainy 0.015 8.4 0.01% 8.4
Half Dry 0.022 7.6 0.015 8.4

End Dry 0.022 7.6 0.007 10.0
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Apendice VI — Friedman soil moisture test resutimparing three sample periods (TO, T1 and T3)
for each year season to each soil depth in sendidegs forest. In bol p < 0.05 and in italic p <

0.10. Always soil moisture was bigger before dangr(iil and T3 periods). In “1” moisture was

bigger in T3 and “2” moisture was bigger in T1.

Near Far
p F p F

Season 0-10cm
Half Rainy  0.022 7.6 0.019 7.9
End Rainy  0.549 1.2 0.165 3.6
Half Dry 0.074 5.2 0.165 3.6
End Dry 0.022 7.6 0.074 5.2

20-30cm
Half Rainy  0.074 5.2 0.165 3.6
End Rainy 0.022 7.6 0.074 5.2
Half Dry 0.074 5.2 0.949 0.1
End Dry 0.007  10.0 0.008 9.6

40 -50 cm
Half Rainy  0.128 4.1 0.247 2.8
End Rainy 0.027 7.6 0.01% 8.4
Half Dry 0.041 6.4 0.247 2.8

End Dry 0.015 8.4 0.007 10.0
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Apendice VII — Wilcoxon test comparing soil moislgamples near (5m) against far (15m) to the
lakeshore at season year to each by soil depteadiddous forest 1. In bold p < 0.05 and in italic p
< 0.10. Soil moisture was always bigger near tddkeshore.

0-10cm 20-30cm 40 - 50 cm
p Z p z p Z
TO 0.345 0.944 0.345 -0.944 0.893 0.135
MR|T1  0.500 -0.674 0.345 -0.944 0.500 -0.674
T3 0.043 -2.043 0500 -0.674 0.893 -0.135

TO 0.345 0.944 0.686 0.405 0500 0.674
ER|(T1 0500 -0.674 0.043 -2.043 0.068 -1.826

T3 0.138 -1.483 0.500 -0.674 0.500 -0.674

TO 0.686 -0.405 0.043 -2.043 0.686 -0.405
MD|T1 0.080 -1.753 0.043 -2.043 0.043 -2.023
T3 0500 -0.674 0.345 -0.944 0.500 0.674

T0 0.043 -2.023 0.893 -0.135 0.043 -2.023
ED|T1 0.225 -1.214 0.043 -2.043 0.043 -2.023
T3 0.043 -2.023 0.225 -1.214 0.225 -1.214
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Apendice VIII — Wilcoxon test comparing soil moisgusamples near (5m) against far (15m) to the
lakeshore at season year to each by soil depthdmdous forest 2. In bold p < 0.05 and in italic p
< 0.10. Soil moisture was always bigger near tddkeshore.

0-10cm 20-30cm 40-50cm
p Z p Z p Z
TO 0.345 0.944 0.225 -1.214 0.686 0.405
MR|T1 0500 0.674 0.345 -0.944 0.080 -1.753
T3 0.500 0.674 0.893 -0.135 0.043 -2.043

TO 0.500 -0.674 0.893 0.135 0.686 0.405
ER|(T1 0.500 -0.674 0.043 -2.043 0.043 -2.043
T3 0.500 0.674 0.686 -0.405 0.500 0.674

TO 0.686 -0.405 0.080 -1.753 0.500 -0.674
MD|T1 0.043 -2.023 0.043 -2.023 0.043 -2.043
T3 0.225 -1.214 0.043 -2.023 0.138 -1.483

TO 0.686 -0.405 0.345 -0.944 0.225 -1.214
ED (T1 0.043 -2.023 0.043 -2.023 0.043 -2.043
T3 0.225 -1.214 0.500 -0.647 0.080 -1.713
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Apendice IX — Wilcoxon test comparing soil moists@mples near (5m) against far (15m) to the
lakeshore at season year to each by soil deptkermdeciduous forestl. In bold p < 0.05 and in
italic p < 0.10. Soil moisture was always biggeami® the lakeshore.

0-10cm 20-30cm 40 -50 cm
p YA p VA p VA
TO 0345 0.944 0.225 -1.214 0.686 0.405
MR |T1 0.500 0.674 0.345 -0.944 0.080 -1.753
T3 0500 0.674 0.225 -1.214 0.500 -0.674

TO 0500 -0.674 0.893 0.135 0.686 0.405
ER|T1 0500 -0.674 0.043 -2.043 0.043 -2.043

T3 0500 0.674 0.500 0.674 0.686 -0.405

TO 0.686 -0.405 0.080 -1.753 0.500 -0.674
MD([T1 0.043 -2.043 0.043 -2.043 0.043 -2.043
T3 0.686 -0.405 0.345 -0.944 0.144 -1.461

TO 0.686 -0.405 0.345 -0.944 0.225 -1.214
ED|[T1 0.043 -2.043 0.043 -2.043 0.043 -2.043

T3 0.043 -2.043 0.500 -0.674 0.500 0.674
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CHAPTER 4

Fast changes on tree composition and diversity:

Dams consequences to seasonal dry forests
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Resumo: Mudangas rapidas na composicao e na divedlaide: consequéncias das represas para

as florestas secas estacionais.

Plantas tipicas de ambientes estacionais que passarsituar proximo as margens de reservatorios
construidos pelo homem, tanto podem aumentar ssuiorento, como serem mortas apos expostas
as novas condi¢@es, sob solo alta saturacdo hididis consequéncias devem causar mudancgas na
diversidade floristica das comunidades afetadae. 9¢&sabe, também, se as espécies situadas nas
margens das represas irdo desempenhar o mesmorgalddo por espécies tipicas de beira de
rio. Desta forma, nés avaliamos os efeitos da apragéo da linha de agua apds a construcdo de
duas barragens, sobre espécies arbdreas assomaddi®restas estacionais, através de um estudo
de dinamica das espécies, buscando compreendes g@ai as mais beneficiadas e as mais
prejudicadas pelas novas condicbes ambientais tagp@ela implantacdo de barragens artificiais,
além de mudancas na diversidade. NOs estudamdiotestas estacionais tropicais que passaram a
se localizar nas margens de uma represa artifetalpngo de quatro anos, e comparamos com a
estrutura e composicao das areas antes do repmsafie). Todos os individuos com 4,77cm ou
mais de diametro foram amostrados em 60 parcelasapentes de 20 x 10 m em cada floresta.
Taxas de dinamica para cada espécie foram calajlatlan doturnovere mudancas liquidas, e
comparamos a diversidade entre os periodos amostrad taxas de dinamica das espécies foram,
em geral, muito elevadas (acima de 10%*nBorém, enquanto algumas espécies especialistas d
florestas estacionais apresentaram alta mortali§fsdguentemente superior a 5%ajomuitas
outras apresentaram acentuado crescimento (acirh@%eno-1). Tais consequéncias implicaram
em mudancas na estrutura das comunidades, conta@ne importancia das espécies principais.
Houve aumento na diversidade, devido a entradaodasnespécies, algumas comuns em florestas
ciliares. No geral, a comunidade parece estar nuadda estagio, devido a aproximacéo da linha de
agua, passando de uma floresta tipicamente esthgi@na outro, mais semelhante as florestas
ciliares da regido. No entanto, a diversidade éomkenor daquela apresentada por outras florestas
ciliares naturais, e algumas espécies tipicas deieates estacionais apresentaram taxas de
recrutamento altas, indicando a manutencéo das asesencomunidade, mesmo ap0s varios anos.
Concluimos que as modificagdes impostas pela regiresremento e aumento na diversidade) ndo
suprem os efeitos negativos da construgdo de msagem mesmo tornaram esta comunidade
semelhante a qualquer floresta ciliar natural.

Palavras chave: dinamicaturnover, mudancas liquidas, crescimento, represamento

Key words: dynamic, turnover, net changes, impoundmnt
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Introduction

Dams have historically facilitated human life, iaiy to farming, transport and domestic
services, and are currently mainly built to eneggyeration (Baxter 1977). At least 45.000 dams
above 15m high obstruct 60% of fresh water thawvd$ldo the oceans (Nilsson et al. 2005). Dams
construction increased because hydropower wereidsyesl a clean and cheap alternative for
energy production (Kaygusuz 2004) responsible téd ht6% of the worldwide electricity
generation in 2005 (Evans et al. 2009). Despitesfiread of this “clean and cheap” idea, several
problems are actually know such as entire waterghedification (Nilsson & Berggren 2000),
sediments retention (Manyari & de Carvalho 2007;rdgmarty et al. 2003), biochemistry
alterations (Humborg et al. 1997) and greenhousesggamission (Fearnside 2002; St Louis et al.
2000).

Water-dwelling organisms (fish, amphibians, planito benthos and macrophytes) are
directly affected, causing drastic changes in famihs (Brandao & Araujo 2008; Fearnside 2001;
Leite & Bittencourt 1991; Moura Junior et al. 20)¥potton et al. 1996). The artificial lake created
by impoundment interfere on terrestrial organisos Wildlife can moved to habits outside the
flooding area, but sessile organism such as pkmetkilled drowned (Fearnside 2002; White 2007,
Chapter 3) Plant anaerobic decomposition relieses organitemand depleted the water oxygen
(Barth et al. 2003; St Louis et al. 2000), alseddiing carbon dioxide (Cpand methane (CHito
atmosphere (St Louis et al. 2000). However, noy onfjanism who lived on direct flood influence
area are impaired. The vegetation before distamh fany water source became near the lakeshore
margin created by dam, and long-term consequeneedgificult to prevent because this new
“riparian vegetation” is completely distinct than ariginal riparian environment in species and

characteristics.

Riparian vegetation presents species adapted &r waturation and species adapted to low
water patches, then are commomly represented tydngrsity (Naiman & Decamps 1997). These
environments are associated to many ecologicalicesnsuch as linkage aquatic and terrestrial
habitats (Dynesius & Nilsson 1994), provide researto fish (Jansson et al. 2005) and other
dispersors as birds and mammals (Gundersen eD&0; Naiman & Decamps 1997), promotes
refuge for these animals (Bagno & Marinho-Filho 20Marinho-Filho & Guimarées 2001; Palmer

& Bennett 2006) making key role in diversity maimace.

However, the vegetation which became near the namgins created by dams are located in

hillsides (Truffer et al. 2003), without species@sated to high hidric saturation, in other words
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with different species composition (Acker et al03pand with distinc traits than a tipical riparian
vegetation. Terrain with steep slopes facilitatesesflow and reduce water infiltration into thelsoi
(Sidle et al. 2006), moreover, the hills have rodoil that makes water retention even more
difficult. Due these conditions, species of theseirnments presents adaptation to reduce water
loss due hidric stressant habitat, such as leasssduring dry season, fuits and seeds with low
water contend (Murphy & Lugo 1986) and tend to haigh density wood to prevent drought-
induced embolism (Choat et al. 2003)hus, it is not only difficult to prevent the weaine
proximity consequences to these drought adaptedespealso if the “new riparian vegetation” will
supply ecological services performed by a typigadnian vegetation.

Many dams have already been built and will still bieerefore understand vegetation
changes after damming is crucial to better consienvand future management actions. Then, we
monitoring three seasonal forests that suffer ardsfdctric dam impact to answers follow
guestions: Which were the species best adaptedwoconditions imposed by the dam? Which
were negatively affected? New species will beldistaed? Are possible local extinctions? Finally,
will the “new-riparian vegetation” maintain the éagical services performed by typical riparian
vegetation? Previous works showed communities atsmafier damming (Chapter 3) but not focus

species changes, the focus of our study.

Material and Methods

This study was conducted in three dry forest (18t@7S, 48°08'57"W, 18°40'31” S,
42°24°30” W and 18°39'13” S, 48°25’04 W; Figure located in the Amador Aguiar Complex
Dam (two dams located in Araguari River with 52nd &bm depth). All areas had slope terrains,
however the deciduous forest inclinations were mmcine pronounced than semideciduous forest
(in some plot the inclination was above 30°). Thredpminant soil types are dystrophic and
eutrophic podzolic soil and dystrophic cambissathwasalt outcrops with micaxist and biotite-
gnaisse (Baccaro et al 2004; Baruqui & Mota 198BhNama 1989). The first dam (Amador
Aguiar Dam [, from here AD1) finished flooding i9@5 and at 624 meters of elevation (relative to
sea level), with a flooded area with 18.68K@CBE 2007). The second dam (Amador Aguiar Dam
Il, from here AD2) ended flooding in 2006 and ab5@eters of elevation (relative to sea level),
with a flooded area with 45.11K{CCBE 2006).
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After damming, three seasonal dry forests (two dlemis and one semideciduous forest),
before distant at least 200m (see Figure 4.2 Apiesentation) from any water source, now has the
riverbed on its edge since 2005 (AD1)/2006 (AD2)eTdam water flux is constant and then the
water flux not varies over seasons and over y&umie analysis made in three areas confirms the
damming effects to moisture increase in soil astléa 15m away the artificial lake margin created
by dam (Chapter 3). This impact clearly affects éhéire community (Chapter 3), and the analysis
to species responses to river dam were analyzed Tike climate is Aw (Koppen 1948) with a dry
winter (april to september) and a rainy summer dloet to march), with an average annual

temperature of 22°C and average rainfall of aralis@b mm (Santos & Assunc¢éao 2006).

A

Triangulo Mineiro

o-@ Studied areas

2550 100 200 gm

Figure 4.1- Location of three Dry Forest which were affectgddmador Aguiar Complex Dam, on
Triangulo Mineiro, southern Brazil. Before dam coustion these forests were distant from water

sources and now are on the artificial lake margin.

Altitude

River bed after dam construction

Figure 4.2— “A” - Representation of upstream landscape changdswater proximity to Dry
Forest after dam construction. “B” - Plots schemseduto tree community samples in three Dry

Forests.
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Plant Sampling -The first inventory (TO) was carried out in 20050#) and 2006 (AD2). In each
forest were marked 60 permanent plots of 20 x 16talizing 1.2 ha by area (total of 3.6ha
sampled). A total of 10 plots (with 200m width) wemstalled where the river reached the
maximum flood elevation after damming and the revmg plots were installed perpendicular to
the river margin (Figure 4.2B). Thus, the samplesendistributed every 10 m of perpendicular
distance to the river (0-10m, 10-20m, 20-30m, 334@0-50m and 50-60m of distance — Figure
4.2B) with some samples linked. All trees with deter at breast height (DBH) of 4.77cm were
tagged with aluminum labels. The diameter of tleensivas measured at 1.30m from the ground and
in multiple stems all live tillers were measurel&80m too. All the reproductive botanical material
were inserted on Herbarium Uberlandense, and theiesp nomenclature and synonymies follow

Missouri Botanical Garden web site (http://www.ticgs.org/).

The first inventory (TO) results are already puldid (Kilca et al. 2009; Siqueira et al.
2009). The second (T2) and third (T4) inventoriesencarried two and four years after damming.
All inventories were realized at final of rain seagmarch-april) to standardize the sampling and to
avoid dry season influence on the plant stem dieam®¢ dehydration. These samplings followed
the same procedure of the first inventory. The nedividuals that met the inclusion criteria
(recruits) were measured and identified. The mibytaéfers to standing dead trees, fallen trees or

not found individuals.

Diversity - We calculated the Shannon-Weaver diversity indgxaf®on 1948) to measure to
changes in diversity over the three measurememngse(T0-T2-T4). We applied the Hutcheson t
test (Hutcheson 1970) to compare the richness leatW®-T2, T2-T4 and TO-T4 period in all

forests.

Dynamic rates - Each species was availed regarding dynamic iatd®-T2, T2-T4 and TO-T4
periods: mortality, recruitment, outgrowth and mgth rates (we focus species with at least 20
individuals, but all results are in appendix). Thertality (M) and recruitment (R) were calculated
in terms of annual exponencial rates (formulas &eilSet al. 1995; Sheil et al. 2000). The
outgrowth annual rates (O) refers to basal aredeatl trees plus dead branches basal area of living
trees (decrement) and ingrowth annual rates (Erseto basal area of recruits plus growth in basal
area of surviving trees (increment). To evaluatenges in forest we computed turnover rates for
individuals and basal area through mortality-raonent rates and outgrowth-ingrowth rates
(Oliveira-Filho et al. 2007). Then we evaluate@ thet change (Korning & Balslev 1994) to
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individuals and basal area and compute an Overatl Ghange (ONC - the average between

individuals and basal area net change).

To species with 20 or more individuals in any measwent period, we made dispersion
graphic with mortality x recruitment rates and aatgth x ingrowth rates in TO-T2 and T2-T4
periods, to compare distinct species responsedriviio first years of damming and the next two

years.

Results
Floristic and dynamic - general changes in species

After four years of impoundment, both deciduouse$bs increase greatly their richness
(Table 4.1). At deciduous forest 1 (DF1), the nepecses found in T2 werdspidosperma
subincanumGuapira areolata Guarea guidoniaLuehea grandifloraSiparuna guianensjgrema
micranthaand Xylopia aromaticaand in the T4 werénga vera Jacaranda carobaMargaritaria
nobilis, Myrsine umbellataTrichilia elegans Xylopia brasiliensisandTocoyena formosarhis last
species was found in TO with one tree but this tled, however two recruits were sampled in T4.
Another speciesSterculia striatawere not sampled in T2 and T4.

At deciduous forest 2 (DF2), the new species found@2 wereCedrela fissilis Eugenia
florida, Genipa americanaGuarea guidoniaLuehea grandifloraNectandra cissifloraTerminalia
glabescensTrichilia catigua Trichilia elegans Trichilia pallida and Zanthoxylum rhoifoliumin
T4 only two new species were foun@giba speciosand Matayba guianens)s Otherwise, two
species were not found, one in TRe@iphila sellowianpand another in T4 perioddymenaea

courbaril).

The semideciduous forest (SF), however, modifiéte lin richness (Table 4.1). The new
species sampled in T2 wehdbizia niopoides Heteropteris birsonimifoliaMachaerium hirtum
Psidium rufumand Terminalia phaeocarpaand in T4 wereHirtella gracilipes and Cecropia
pachystachyaOtherwise three species were not sampled in T@geDilodendron bipinnatum

Bauhinia rufaandByrsonima laxiflora
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Table 4.1 - Number of species and diversity Shanndex to three dry forest before (T0), two (T2)
and four years (T4) after dam construction in seasitern Brazil. Letters refers to Hutcheson t test,
same letters means same diversity, degree of fnreeds00, p < 0.05.

Arboreal component

Number of
species Shannon Index
TO T2 T4 TO T2 T4
Deciduous 1 45 50 57 2.50a 2.57a 2.69b
Deciduous 2 57 67 68 2.66a 2.83b 2.89b
Semideciduous 89 91 93 3.43a 3.48ab 3.54b

When we consider the occurrence of new speciesr@diogoto the distance from the
watertable, was notable the damming effect on gskrrise. From 34 new species (accounting all
forests) 28 were sampled near to the shore (0-30distance) and only six were not sampled in
these patches, illustrating dammed influence to species establishment. Then these sex species
were sampled only distant to the shore (30 - 60m).

In all three dry forests the diversity index in@ean the first two years and to second year
for the fourth year of measurement too (Table 4l4)DF1, the T2-T4 period presented more
diversity changes than TO-T2 (significant, see &abll), nevertheless in DF2, the greatest diversity
increase occurred in TO-T2 period (significant, $abéle 4.1). In SF the same difference in TO-T2
and T2-T4 were noted, but not significant in bo#ripds. The most valuable results refer to the
four-year effect of damming on forest. ComparingTDperiod to all dry forest investigated, the
Shannon diversity index increase significantly (€ah1), confirming the soil moisture influence to

richness and diversity raise.
Dynamic rates

The dynamic rates confirm the damming effects @ tcommunity, especially in the first
two years exemplified to those species with 20 oramindividuals. In this period seven of 10
species showed, at least, a dynamic rate supa&idO% year (Table 4.2), values considered
extremely high. In DF2 the same were perceived,7o$pecies (20 or more individuals) 15 had, at
least, one dynamic rate superior than 10% Y€@able 4.3). However, the semideciduous species
demonstrated be more stable regarding the spegresric in TO-T2 period. Only 5 of 20 species
with more than 20 trees had a dynamic rate suptior 10 % yedr (Table 4.4).
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These high dynamic rates in the first two yearsewaid not follow the same pattern in
subsequent years. To the same species analyzéd T2 Period, only one in DF1, four in DF2 and
three in SF had a dynamic rate superior than 1086'y@his contrast between dynamic rates in TO-
T2 and T2-T4 illustrate the damming effects onrentbommunity. Many species presents mortality,
recruitment, outgrowth and ingrowth rates supeti@n communities rates (Figure 4.3), thus the
dam construction impact was a lot more intensergt fwo years. These effects were more severe
for both deciduous forests (Figure 4.3) due moexigs present high rates than community (and the
community’s rates were very high — Table 4.2, 4.3). If we analyzed the entire period (T0-T4)
the results may not seem significant, because fordyspecies in DF1, nine in DF2 and four in SF
had a dynamic rate superior to 10% Yedrhis result mask the real and strong changesratin
all forests, and mainly in the two deciduous faetiterefore the monitoring every two years was
essential for understanding of damming effects (andsequently soil moisture increase) to
seasonal dry forests.

Individuals Changes

Some changes occurred to more important speciasdimiduals in four years of dam
construction (Figure 4.4A, B, C). In DRUyracrodruon urundeuvavas the most important species
(individuals), however in T4, due to high mortaliguperior to 8% yed), lost many trees in the
community (Figure 4.4A). Same occurred withbebuia roseoalb@and Campomanesia velutina
nevertheless with less intensity (Table 4A)adenanthera colubrinandPiptadenia gonoacantha
increase their number in these four years (Figéhedie new recruits which reached the inclusion
criteria (DAP> 5 cm, recruitment rates superior than 10% YyearTO-T4 period) and presented
high recruitment rates. The mortlatity P. gonoacanthawas high too, but twice lower than

recruitment rates (Table 4.2).

In DF2, againMyracrodruon urundeuvialost many individuals (mortality rates of 4.5%
yeaf) in TO-T4 period) buCasearia rupestrisGuazuma ulmifoliandAloysia virgatawere most
negatively affected species, with high mortalityesa(superior than 5% yé3rin four years of
monitoring (Table 4.3). Otherwiséinadenanthera colubrinalnga sessilisand Lonchocarpus
cultratuswere species with high increase in individuals @iFég4.4B) due higher recruitment (rates
superior than 7% yeday Table 4.3).



91

To semideciduous forest, less changes in more i@pospecies occurred (Figure 4.4C):
Casearia grandifloraCordiera sessiliand Terminalia glabescenkad mortality superior than 5%
year® althoughT. glabescendiad a great recruitment too (superior than 6% Ye@rble 4.4)
meanwhile these changes did not alter the relevahit®mse species (Figure 4.4C) unlike deciduous

forest, whose many modifications were perceptiblgure 4.4A, 4.4B and 4.4C).

* More information about dynamic of the speciesha@ss than 20 trees sampled on the three foreatgsad were
summarized on Appendix X, XI and XII.

* More information about turnover and net changiethe species with less than 20 trees sampled®thtiee forests
analysed were summarized on Appendix XllI, XIV atd.



92

Table 4.2 - Tree species parameters and dynamnes tata Deciduous Forest (Deciduous Forest 1 — DF&puthearn Brazil. TO = before dam
construction, T2 = two years after damming, T4 arfgears after damming, M = mortality, R = recrwetmh, O = outgrowth, | = ingrowth. Only
species with at least 20 individuals are shown.

Deciduous Forest 1 Number of Individuals Basal Area Dynamics Rates TO-T2 Dynamics Rates T2-T4 Dynamics Rates T0-T4
Species T0 T2 T4 T0 T2 T4 M R O I M R ) | M R O I
Acacia polyphylla 40 39 35 0.25 0.25 0.28 19.4 184 19.2 199 53 00 34 85 139 11.0 12.6 153
Anadenanthera colubrina 141 170 187 3.18 467 5.14 1.8 109 24 195 48 9.0 48 92 40 105 5.0 157
Bauhinia ungulata 28 30 29 0.09 0.12 0.13 36 69 35 183 51 35 48 64 48 56 54 137
Campomanesia vellutina 92 89 86 123 119 1.18 6.2 46 6.3 4.8 1.7 00 32 28 40 24 49 4.0
Casearia rupestris 24 21 19 0.18 0.17 0.18 134 74 114 8.6 49 00 55 89 96 42 9.0 93
Guazuma ulmifolia 19 22 23 0.17 0.25 0.29 00 71 26 190 47 67 29 94 27 73 35 150

Myracrodruon urundeuva 279 238 199 533 561 544 82 06 37 6.1 9.0 05 42 27 87 06 42 47
Piptadenia gonoacantha 71 96 99 0.80 1.02 1.05 11.2 23.6 16.9 26.5 70 84 142 153 11.8 18.8 22.8 27.9
Platypodium elegans 21 21 20 058 0.65 0.72 24 24 64 119 24 0.0 05 55 25 13 36 838
Tabebuia roseoalba 246 237 231 286 3.05 3.12 39 21 24 55 30 1.7 19 31 35 20 23 44
Entire Community 1124 1136 1133 16.80 19.16 20.54 65 71 49 110 49 47 4.0 6.6 6.1 6.3 50 9.2
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Table 4.3 - Tree species parameters and dynanas tata Deciduous Forest (Deciduous Forest 2)uthearn Brazil. TO = before dam construction,
T2 = two years after damming, T4 = four years afi@mming, M = mortality, R = recruitment, O = outgyth, | = ingrowth. Only species with at least
20 individuals are shown.

Deciduous Forest 2 Number of Individuals Basal Area Dynamics Rates TO-T2 Dynamics Rates T2-T4 Dynamics Rates TO-T4
Species T0 T2 T4 T0 T2 T4 M R 0 I M R @) [ M R ®) I
Allophylus racemosus 13 22 22 0.05 0.08 0.09 39 261 3.1 238 23 23 33 74 41 159 45 17.1
Aloysia virgata 43 35 25 0.20 0.16 0.12 124 29 143 53 155 0.0 155 1.7 145 21 159 46
Anadenanthera colubrina 68 88 93 220 253 297 3.7 154 119 17.8 1.7 44 04 82 3.1 104 64 132
Aspidosperma parvifolium 20 23 24 0.34 0.19 0.38 00 6.7 00 111 22 43 52 323 1.3 57 15 230
Campomanesia velutina 27 31 32 0.13 0.16 0.17 19 84 33 120 00 16 19 55 09 51 29 91
Casearia gossypiosperma 21 32 37 0.08 0.13 0.16 0.0 190 0.1 219 0.0 70 04 8.9 0.0 132 0.4 1538
Casearia rupestris 165 149 136 0.88 0.93 0.89 9.2 38 86 11.0 49 04 43 22 73 23 71 7.2
Celtis iguanaea 29 31 27 025 025 0.22 53 8.4 126 13.2 6.7 00 131 7.8 6.7 5.0 153 13.0
Coccoloba mollis 33 31 32 023 0.23 0.24 6.3 16 119 11.2 16 3.2 46 6.7 40 24 9.0 96
Dilodendron bipinnatum 46 45 46 0.35 0.46 054 22 11 39 16.2 00 11 04 78 1.1 11 22 122
Guazuma ulmifolia 478 430 414 475 5.08 5.54 76 21 57 87 26 06 27 6.7 52 14 45 8.0
Handroanthus vellozoi 20 18 17 0.16 0.16 0.17 51 00 37 6.6 28 00 10 3.2 40 00 24 50
Inga sessilis 170 202 200 1.14 145 153 45 11.8 6.9 17.1 30 25 40 6.5 42 77 6.4 128
Lonchocarpus cultratus 32 52 54 0.27 0.44 054 3.2 216 34 239 29 47 09 102 42 144 25 17.6
Machaerium brasiliensis 22 24 26 0.11 0.17 0.20 00 43 0.0 203 00 39 01 91 00 41 0.0 14.9
Myracrodruon urundeuva 225 208 197 3.75 410 4.34 55 10 43 8.6 34 05 21 46 45 08 34 6.8
Rhamnidium elaeocarpum 34 39 37 020 0.25 0.26 15 80 15 119 26 00 44 55 23 43 36 93

Entire Community 1626 1670 1649 18.03 20.23 21.75 6.0 6.9 59 117 30 23 33 6.7 48 48 51 97
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Table 4.4 - Tree species parameters and dynanas tata Semideciduous Forest (SF) in southearn|Bf&z= before dam construction, T2 = two
years after damming, T4 = four years after dammiMgs mortality, R = recruitment, O = outgrowth, liggrowth. Only species with at least 20
individuals are shown.

Semideciduous Forest Number of Individuals Basal Area Dynamics Rates TO-T2 Dynamics Rates T2-T4 Dynamics Rates T0-T4
Species TO0 T2 T4 T0 T2 T4 M R ®) I M R ) I M R ) I
Apuleia leiocarpa 26 29 33 0.82 093 1.01 00 53 00 63 00 63 01 37 00 58 01 5.0

Aspidosperma discolor 121 119 127 231 259 290 29 21 28 8.2 00 32 0.1 56 15 27 14 6.9
Astronium nelson-rosae 99 104 107 1.13 1.27 1.40 20 44 19 74 05 19 05 53 1.3 32 12 6.4

Callisthene major 55 56 56 421 445 451 28 36 08 35 27 27 20 27 28 33 15 32
Casearia gossypiosperma 19 23 24 0.22 0.26 0.28 00 91 03 094 0.0 21 00 338 0.0 57 02 6.6
Casearia grandiflora 136 115 119 099 0.89 0.91 11.7 44 123 7.7 31 43 43 54 76 45 87 6.9
Cheiloclinium cognatum 103 100 105 0.64 062 0.73 50 36 74 6.1 05 29 15 838 28 33 46 75
Copaifera langsdorffii 81 76 77 6.74 7.12 7.64 31 00 25 52 0.0 0.7 0.0 35 16 03 13 43
Cordiera sessilis 152 137 125 1.14 105 1.01 6.1 11 7.8 3.9 45 00 55 3.8 53 06 6.9 41
Diospyrus hispida 25 21 21 0.57 052 0.56 83 0.0 126 8.4 00 00 01 41 43 00 6.6 6.3
Duguetia lanceolata 54 56 60 0.46 050 0.55 47 65 55 94 09 43 18 6.9 29 54 39 83
Heisteria ovata 35 34 33 0.26 0.27 031 59 45 6.7 8.2 15 00 05 6.7 38 24 37 75
Luehea grandiflora 30 33 40 0.30 0.29 0.30 51 95 98 8.1 15 106 6.6 7.3 35 102 89 83
Mabea fistulifera 25 27 32 053 059 0.57 6.2 97 24 8.0 38 116 85 6.7 54 111 6.3 82
Micropholis venulosa 33 31 33 056 0.65 0.75 47 16 50 121 00 31 02 6.5 24 24 27 94
Myrcia floribunda 101 105 104 0.80 0.84 0.92 25 44 59 8.2 14 10 12 56 20 28 37 70
Protium heptaphyllum 37 37 39 0.53 056 0.60 56 56 21 54 14 39 14 46 36 48 18 51
Siparuna guianensis 16 16 24 0.06 0.05 0.14 33.9 339 309 245 3.2 209 7.7 97 21.7 29.3 229 10.1
Siphoneugena densiflora 19 22 23 0.19 0.21 0.23 00 7.1 05 46 23 44 08 53 1.3 59 07 50
Terminalia glabescens 73 71 77 0.72 0.79 0.92 86 7.3 81 11.9 14 53 1.1 85 52 6.4 48 104

Entire Community 1501 1489 1573 27.99 29.16 31.66 55 52 45 6.5 16 42 14 55 37 48 31 6.1
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Figure 4.3 - Comparison of recruitment/mortality #Ad C) and ingrowth/outgrowth rates (B and
D) in species with 20 or more individuals in DryrEsts in southern Brazil. Blue circles =
semideciduous forest species; green diamond = wea#d forest 1 species; red diamond =
deciduous forest 2 species; green square are spaitielow dynamic rates even in TO-T2 period,;
close blue circles = entire semideciduous fordssecgreen diamond = entire deciduous forest 1;
close red diamond = entire deciduous forest 2; ethshes indicates the entire community rates on
TO-T2 period. a=Siparuna guianensjsb=Allophylus racemosusg=Piptadenia gonoacantha
d=Lonchocarpus cultratyse=Casearia gossypiospermé&=Acacia polyphylla g=Anadenanthera
colubring h=Inga sessilis i=Anadenanthera colubrina j=Mabea fistulifera k=Luehea
grandiflora; |=Casearia gossypiospermam=Celtis iguanaea n=Campomanesia velutina
o=Rhamnidium elaeocarpurp=Terminalia glabescengj=Casearia rupestrisr=Aloysia virgata
s=Casearia grandiflorat=Casearia rupestrisu=Dyospirus hispidav=Myracrodruon urundeuva
w=Guazuma ulmifoliax=Machaerium brasiliensjsy=Guazuma ulmifoliaz=Bauhinia ungulata
a’'=Dilodendron bipinnatum b’=Coccoloba mollis ¢’=Micropholis venulosa d’=Platypodium
elegans e'=Aspidosperma olivaceumf =Cordiera sessilis g'=Cheiloclinium cognatum
h’=Duguetia lanceolata.
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Figure 4.4- Number of individuals, basal area and cover védueon-stable species in three Dry Forests in
southern Brazil, only those with 20 or more indivats and only those species that represents mastel

in the tree community. A, D and G represents dexiduorest changes 1; B, E and H represents dacduo
forest changes 2 and C, F and | represents semidres forest changes.
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Basal area changes

Although many species lost basal area due to higtiatity, to both deciduous forests was
the vast majority species showed an extremely ligrement (gain in basal area Figure 4.4D and
4.4E), especially in first two years after impouredm (frequently bigger than 10% yéar Tables
4.2 and 4.3). In SF increments were high to margigs too (Tables 4.5), but this growth in basal
area has been less intense thereby, for all tlmesstfthe increment hide the high basal area loss
(outgrowth) by mortality. Thus, for all seasonafdsts, species outgrowth rates (mortality plus
broken stem loss basal area) frequently were ldkgar ingrowth (increment plus recruitment gain
basal area) with only three exceptions to DF1, itwd®F2 and six in SF. Among these exception,
only one species in DFAlpysia virgata and one in SFSiparuna guianensjshad an outgrowth
rates much larger than ingrowth, which means tpatiges are seriously affected by the damming,

althoughS. guianensistill had many recruitment rates.

Turnover and Net Changes

The high dynamic rates in first two years (Tables 4.6 and 4.7) leads to major species
turnover rates (individuals and basal area) in 20Hian T2-T4 period (Figure 4.3). Even to some
important species (either to individuals or to bam@&a), turnover were high. Exchange of died
individuals by new recruits determines dynamic gp@eeach species, therefore those species with
high turnover represents unstable species. Degpitiest two years impact in species, the T2-T4
period turnover was important because indicate ispebat are still very affected by damming.
Thus, in all forestsAspidosperma olivaceynCeltis iguanaea Piptadenia gonoacanthand
Siparuna guianensig/ere the only ones with individuals or basal atgaover rates superior than
10% year. These species had to be considered indicatarfés ¢hanges in communities which
suffered similar impacts. If impact still affectset community, these species will present high

turnover rates.

The individuals net changes varies greatly in aredyspecies, nevertheless to basal area,
major species had a positive value (Figura 4.3),this exemplifies the strong trees increment after
water approach. Both for individuals and basal ,aneast species follow the same dynamic path,
those that had positive net change in first tworgelad the same pattern in next period (T2-T4),

however with lower values (especially for basabareTables 4.5, 4.6 and 4.7).

Finally, the overall net chance - ONC (average bketwindividuals and basal area net

change) showed that few species presents a negative after four years of impoundment (Tables
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4.5, 4.6 and 4.7), then few species clearly redtlugs importance to each area (Figure 4.4G, H, |).
This is the effect of the high tree increment aacruitment after damming, and demonstrated that
all three communities (and many important speciesponded similarly if we compared TO-T4
value. However, contrasting both measurement pgri6éd had an ONC superior in T2-T4 than
deciduous and the opposite occurred in TO-T2.
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Table 4.5 - Tree species turnover and net changéeciduous Forest (Deciduous Forest 1 - DF1)dsgending order of overall net change in TO-T4
period, in southeastern Brazil. Ind = individud@#, = Basal area. Only species with at least 20vididials are shown.

Deciduous Forest 1 Turnover (Ind) Turnover (BA) Net Change (Ind) Net Change (BA) Overall Net Change
Species TO-T2T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4
Anadenanthera colubrina 6.3 6.9 7.2 10.9 7.0 104 98 4.9 7.3 21.2 49 128 155 49 100
Guazuma ulmifolia 3.5 5.7 5.0 10.8 6.1 9.3 7.6 2.2 4.9 20.4 7.2 13.6 140 4.7 9.2
Piptadenia gonoacantha 17.4 7.7 153 21.7 148 254 16.3 1.6 8.7 13.1 14 7.1 147 15 7.9
Bauhinia ungulata 5.3 4.3 5.2 10.9 5.6 9.5 35 -17 0.9 18.2 1.7 9.7 10.8 0.0 5.3
Entire Community 6.8 4.8 6.2 8.0 5.3 7.1 05 -01 0.2 6.8 35 5.1 3.7 1.7 2.7
Platypodium elegans 2.4 1.2 1.9 9.1 3.0 6.2 00 -24 -12 6.2 5.3 5.7 3.1 1.4 2.3
Tabebuia roseoalba 3.0 2.4 2.8 4.0 25 3.4 -1.8 -1.3 -16 3.2 1.2 2.2 0.7 00 03
Acacia polyphylla 18.9 26 124 19.6 6.0 13.9 -1.3 -53 -33 0.9 5.6 3.2 -0.2 0.2 0.0
Campomanesia velutina 54 0.8 3.2 5.6 3.0 4.5 -16 -1.7 -1.7 -1.5 -0.4 -1.0 -16 -11  -13
Casearia rupestris 10.4 2.4 6.9 10.0 7.2 9.2 6.5 -49 57 -3.1 3.8 0.3 -48 -05 -27

Myracrodruon urundeuva 4.4 4.8 4.7 4.9 3.4 4.5 -76 -86 -81 2.6 -1.5 0.5 25 51 -3.8
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Table 4.6 - Tree species turnover and net changéteciduous Forest (Deciduous Forest 2 — DF2)dsgehding order of overall net change in TO-

T4 period, in southeastern Brazil. Ind = individsjdBA = Basal area. Only species with at leasn2ividuals are shown.

Deciduous Forest 2

Turnover (Ind)

Turnover (BA)

Net Change (Ind)

Net Change (BA)

Overall Net Change

Species

T0-T2T2-T4 TO-T4

TO-T2 T2-T4 TO-T4

T0-T2 T2-T4 T0-T4

TO-T2 T2-T4 TO-T4

TO-T2 T2-T4 TO-T4

Casearia gossypiosperma
Lonchocarpus cultratus
Allophylus racemosus
Machaerium brasiliensis
Anadenanthera colubrina
Inga sessilis

Dilodendron bipinnatum
Campomanesia velutina
Rhamnidium elaeocarpum
Aspidosperma parvifolium
Entire Community
Myracrodruon urundeuva
Guazuma ulmifolia
Coccoloba mollis
Handroanthus vellozoi
Celtis iguanae

Casearia rupestris
Aloysia virgata

9.5
12.4
15.0

2.1

9.6

8.2

1.7

5.1

4.7

3.4

6.5

3.2

4.9

3.9

2.6

6.9

6.5

7.6

3.5
3.8
2.3
2.0
3.1
2.8
0.5
0.8
1.3
3.2
2.6
2.0
1.6
2.4
1.4
3.3
2.6
7.7

6.6
9.3
10.0
2.0
6.7
6.0
11
3.0
3.3
3.5
4.8
2.6
3.3
3.2
2.0
5.8
4.8
8.3

11.0
13.6
13.4
10.2
14.8
12.0
10.0
7.7
6.7
5.6
8.8
6.4
7.2
115
5.1
12.9
9.8
9.8

4.7
5.5
54
4.6
4.3
5.2
4.1
3.7
4.9
18.8
5.0
3.4
4.7
5.7
2.1
10.4
3.2
8.6

8.1
10.0
10.8

7.5

9.8

9.6

7.2

6.0

6.5
12.2

7.4

5.1

6.2

9.3

3.7
14.2

7.1
10.3

23.4
27.5
30.1
4.4
13.8
9.0
-1.1
7.2
7.1
7.2
1.3
-3.9
-5.2
-3.1
5.1
3.4
-5.6
-9.8

7.5
1.9
0.0
4.1
2.8
-0.5
11
1.6
-2.6
2.2
-0.6
2.7
-1.9
1.6
-2.8
-6.7
-4.5
-15.5

15.2
14.0
14.1
4.3
8.1
4.1
0.0
4.3
2.1
4.7
0.4
-3.3
-3.5
-0.8
-4.0
-1.8
5.1
-12.7

27.9 9.4
284 103
27.1 4.5
255 10.0
7.1 8.5
12.6 2.7
14.7 8.1
9.9 3.8
11.8 11
-249  40.0
5.9 3.7
4.6 2.8
3.4 4.4
-0.2 2.2
3.0 2.3
0.7 -5.8
2.6 -2.2
-9.6 -14.1

18.3
19.0
15.2
17.5
7.8
7.6
11.3
6.8
6.3
2.5
4.8
3.7
3.9
1.0
2.7
-2.6
0.2
-11.9

25.7
27.9
28.6
15.0
10.4
10.8
6.8
8.5
9.5
-8.9
3.6
0.4
-0.9
-1.7
-1.1
2.0
-1.5
-9.7

8.4
6.1
2.2
7.0
5.7
11
4.6
2.7
-0.7
211
15
0.1
1.3
1.9
-0.3
-6.2
-3.4
-14.8

16.7
16.5
14.6
10.9
8.0
5.9
5.7
5.6
4.2
3.6
2.6
0.2
0.2
0.1
-0.7
2.2
-2.4
-12.3
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Table 4.7 - Tree species turnover and net changeSemideciduous Forest (SF) by descending orderestll net change in TO-T4 period, in
southeastern Brazil. Ind = individuals, BA = Baaada. Only species with at least 20 individualsséu@vn.

Semideciduous Forest Turnover (Ind) Turnover (BA) Net Change (Ind) Net Change (BA) Overall Net Change
Species TO-T2T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4
Siparuna guianensis 339 121 255 27.7 8.7 16.5 0.0 225 10.7 -85 626 220 42 426 16.3
Casearia gossypiosperma 4.6 1.1 2.8 4.8 1.9 3.4 10.0 2.2 6.0 10.1 3.9 6.9 10.0 3.0 6.5
Apuleia leiocarpa 2.7 3.1 2.9 3.2 1.9 2.6 5.6 6.7 6.1 6.7 3.7 5.2 6.1 5.2 5.7
Siphoneugena densiflora 3.5 3.4 3.6 2.5 3.1 2.8 7.6 2.2 4.9 4.3 4.7 4.5 5.9 3.5 4.7
Mabea fistulifera 8.0 7.7 8.3 5.2 7.6 7.3 3.9 8.9 6.4 6.0 -1.9 2.0 5.0 3.5 4.2
Terminalia glabescens 7.9 3.4 5.8 10.0 4.8 7.6 -1.4 4.1 1.3 4.4 8.1 6.2 15 6.1 3.8
Duguettia lanceolata 5.6 2.6 4.2 7.5 4.3 6.1 1.8 3.5 2.7 4.3 5.5 4.9 3.0 4.5 3.8
Astronium nelson-rosae 3.2 1.2 2.2 4.6 2.9 3.8 2.5 14 2.0 5.9 5.1 55 4.2 3.3 3.7
Micropholis velunosa 3.1 15 2.4 8.6 3.3 6.0 -3.1 3.2 0.0 8.0 6.8 7.4 2.5 5.0 3.7
Aspidosperma discolor 2.5 1.6 2.1 5.5 2.9 4.2 -0.8 3.3 1.2 5.9 5.9 5.9 2.5 4.6 3.5
Luehea grandiflora 7.3 6.0 6.9 9.0 7.0 8.6 49 101 75 -1.9 0.7 -0.6 15 5.4 3.4
Protium heptaphyllum 5.6 2.6 4.2 3.7 3.0 3.4 0.0 2.7 1.3 3.4 34 3.4 1.7 3.1 2.4
Myrcia floribunda 3.4 1.2 2.4 7.0 3.4 5.3 20 -05 0.7 2.5 4.7 3.6 2.2 2.1 2.2
Entire Community 5.3 2.9 4.2 5.5 34 4.6 -0.4 2.8 1.2 2.1 4.2 3.1 0.8 3.5 2.2
Cheiloclinium cognatum 4.3 1.7 3.0 6.7 5.1 6.1 -1.5 2.5 0.5 -1.4 8.1 3.2 -1.4 5.3 1.9
Heisteria ovata 5.2 0.7 3.1 7.4 3.6 5.6 -14 -15 -15 1.6 6.6 4.1 0.1 2.6 1.3
Callisthene major 3.2 2.7 3.1 2.1 2.4 2.3 0.9 0.0 0.5 2.8 0.7 1.8 1.9 0.4 1.1
Copaifera langsdorffii 1.6 0.3 1.0 3.8 1.8 2.8 -3.1 0.7 -1.3 2.8 3.6 3.2 -0.2 2.1 1.0
Diospyrus hispida 4.2 0.0 2.1 10.5 2.1 6.4 -8.3 00 -43 -4.6 4.2 -0.3 -6.5 21 23
Casearia grandiflora 8.1 3.7 6.1 10.0 4.8 7.8 -8.0 1.7 -3.3 5.1 1.4 -1.9 -6.6 15 -26

Cordiera sessilis 3.6 2.2 3.0 5.9 4.6 5.5 51 45 -48 -4.0 -1.8 -2.9 -46 -31 -39
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Discussion
Richness and diversity increase

A surprisingly finding of this study was quick clgas in the richness and diversity of dry
forest tree communities. Many studies in impactekedts demonstrated structural changes few
years after a great disturbance like storms (Bargéeal. 1995; Laurance et al. 2006; Pascarella et
al. 2004; Walker 1991), fragmentation due edgectffé_aurance et al. 2002; Laurance et al. 2006),
timber removal (Guariguata et al. 2008) and sedeyeperiods (Chazdon et al. 2005; Chapter 3),
nevertheless with forest recovery of structure emposition over the years (Chazdon et al. 2007).
In general, only long time works showed tree spectleanges and their probable consequences to
community (Laurance et al. 2006) because treesddogllong lived and changes by disturbances
should be slowly detected. These quick richnesksdaversity increase verified to all dry forests
analyzed support the hypothesis of great changesedaby dam construction, even in tree
community. The main factor was the increase in arhofl water available, a barrier to growth in
the dry season before the damming (Chapter 3) toynspecies. With water available on dry
periods after impoundment (Chapter 3) there wawater restriction and more plant species could

growth until reach the inclusion criteria.

Most of the new species recruited probably wereaaly present in the community as small
individuals or saplings with deficiency in growtlual to water stress. Summarizing these new
species sampled, at least 20 are water associpgsiks, found in non-amazonian riparian forest
(Rodrigues & Nave 2000) moist atlantic forest (@ira & Fontes 2000) or even distributed in wet
environments of gallery and riparian forests (Qhad-ilho & Ratter 2002; Silva Junior et al. 2001)
or flooded forests (Silva et al. 2007). Hence pmgked dry periods could act as a negative filter to
these species in original dry condition, killing air least difficult their establishment. The rige i
soil moisture due dam construction (Chapter 3) érile markedly moist seasonality presented on
soil of these forests, favoring the establishméntater-associated species.

Is important note that the new condition createddagnming is not transitory, then other
tree species can be establish in these communéy tbe years, and community will never come
back to original stage. Germination is influencgdaater (Breshears et al. 1998) and some species
should meet good condition to stabilize and evaiisrand seed dispersed from other areas should
increase species richness too. The short periodomiitoring and the inclusion criteria (only trees
with five or more centimeters of diameter were skaipdifficult these affirmations of germination

and dispersion influences on richness. Howeveegarmreration work in these areas show distinct
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seedling and saplings responses of the two mosgirtant species in these forests ¢olubrinaand

M. urundeuva demonstrated thaMl. urundeuvahad a more negative response tAamrolubrinato

soil water increase (Gusson et al. 2011), theretfexts on germination were verified. More, other
dam studies comparing free-flowing rivers with reged rivers and shows some positive effects of
damming to plant richness due dispersion (Janssah 2000) and germination (Andersson et al.
2000). The rise in richness and diversity shouldrbated with caution. The increase in richness
and diversity will never overcome the loss of speailrowned by the damming. This increase in

richness may be treated as one more impact of tathe flora.

Studies in cold environments affected by dams fogpeties changes (Jansson et al. 2000;
Nilsson et al. 2002), but concluded that both redmand diversity were not the most sensitive
indicator of effects of flow regulation (Dynesius a&. 2004). Our results, however, suggest high
modification in both richness and diversity in ofibur years of impact. Probably the impacts on
species pool were high, due high biodiversity apical environments, and several shifts in species
should be expected in any overflow in tropics. Tisisa key problem because the most diverse
tropical system are affected by dams (Nilsson e2@D5) and all forests on tropics whose suffer

similar overflow after damming tend to presentshtsgecies chances.

It is difficult to imagine how damming affects fetecommunities all of the world, but the
changes presented here direct to a dramatic socendh huge modifications. More, the damming
influence on recruitment of water-associated sgewi@s strongest on patches near the river (0-30 m
of distance to the shore), which was twice biggedhose sampled distant to shore (30-60 m). Thus
damming effect to community and to some speciespétial were concentrated near the riverbed
(Chapter 3), just the main area to conservatioareffdue ecological services like soil protection
against erosion and siltation (Guo et al. 2007; beilet al. 2010; Kiley & Schneider 2005), aquatic
fauna and corridor to fauna movements (Gunderseal.e2010), pathways to plant dispersion
(Naiman & Decamps 1997; Nilsson & Berggren 2000)ede areas which become near artificial
lakeshore presented high impact and should be oredifor several years, then many implications

for ecosystems been more understood.

Water restriction is a common event to seasonakr@mwients, but is harsher in deciduous
than semideciduous forests. The mountainous terxgitin high slope and rocky soils in deciduous
forests (Oliveira-Filho & Ratter 2002) facilitateet water flow in rain periods and difficult water
infiltration (Baker et al. 2002). On semidecidudasest the water stress is less intense due more

clayey soils and less slope terrain hence lessspewies were found.
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Due to be a more water stressful environment, decid forests support less basal area and
species (Scariot & Sevilha 2005) and had strongeriddousness during dry season than
semideciduous forests. With dam construction theesable proximity to forest increase subsoil
water reserves (Chapter 3) which is the ecophygicéd basis for evergreen maintenance (Borchert
1998; Nepstad et al. 1994), therefore in deciddousst, environment during dry season become
milder (Chapter 3), facilitating growth of evergmnespecies (most new species sampled were
evergreen). Evergreen species had more advantages environment is not water deficient.
Deciduous species had more photosynthetic cap@éich et al. 2003), but lost part of the carbon
acquired due leaves fall, otherwise evergreen ogd much carbon during dry season then were
photosynthetic active during dry season (Chabotiék1982). In general, evergreen species had
depth roots with more secondary and lateral robtarkesteijn et al. 2010), then is expensive

maintain root biomass with less carbon gain dudngseasons (Wright & Vanschaik 1994).

However, with water supply all over the year, plsgtahesis not had a limiter and
evergreen plants could present high growth rathasTin long-term we expected a conversion of
physiognomies near riverbed, of an original deciduforest to a more perennial environment (a
semideciduous forest, but still with marked decukreess due long lived deciduous trees). What
about new deciduous species sampled? From all thesedeciduous species” only three present
intermediary-high density wood (superior than 0.66%). Deciduous trees with lower wood
density are more vulnerable to drought-induced disinoand cavitation (Choat et al. 2003; Choat
et al. 2005), then intense dry periods tend to leeenmegative for low density wood deciduous
plants (Markesteijn et al. 2010). With rise in swmibisture, the risk of low water problems to sap
transportation is reduced; favors plant fithess @adr survivor on the new conditions, then low

density wood were favored.

However, enhance in diversity occur to all forestedtwo main changes in these
communities. First and obviously were the new ggefbund; richness interferes in diversity index
(Smith & Wilson 1996). Second and less obviouslthis number of individuals from each species.
A community dominated by few species tends to prelesv diversity and this occurs in deciduous
forest. In these forests two or three species tertibminate the community, mainiyracrodruon
urundeuvaand Anadenanthera colubrinaWater proximity kills many trees of some impottan
species in deciduous forests analyzBtyr@crodruon urundeuvaTabebuia roseoalhaGuazuma
ulmifolia and Casearia rupestris but the total number of individuals for all specremained
similar after four years. This means that othecsseis rise their importance and, by consequence,
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the community diversity. The same effect occurédmisleciduous forest too, by many trees died in

most dense specieSdrdiera sessilisa understory high density wood species) afterndeng.
The “Riparian Effect”

The precipitation water regime and groundwater liepstrongly influence species
composition, community structure and biologicaledsity (Ehleringer & Dawson 1992; Munoz-
Reinoso 2001; Naiman & Decamps 1997; Stromberd, d1986), and water-stressfull environment
can raise the richness and diversity of trees after availability changes (Xu et al. 2009). In
global scale, moist forests have more biodivergiBaston 2000) in places without energy
restriction like tropics (O'Brien et al. 2000). Gaering that energy on these systems not vanes o
studied forests, the clear factor that enhancémeiss was change of a “common dry forest” to an

“artificial riparian dry forest” due soil moisturacrease (we call this event “Riparian Effect”).

Riparian forests are a transition zone between &t aquatic systems and support more
plant richness than surrounding areas (Naiman &abgs 1997; Nilsson & Berggren 2000)
because presents flora associated to moisture eyet gatches (Chapter 1). The increase in
richness and diversity, however, will not meansaddl” conversion of these dry forests in a typical
riparian forest due maintain of most species orcttramunity, and few species lost. Riparian forest
were richness systems (Rodrigues & Nave 2000), ldgle heterogeneity like floods (Lopes &
Schiavini 2007), distinct water flow (Jansson et 2000), and great soil moisture variations
(Rodrigues et al. 2010; Chapter 2) and, despite species sampled, some characteristics of

original forest become constant.

Some of these “heterogeneity creators” in a natuparian forest did not occur in three
forests analyzed here. First, floods did not ocug dam flow be controlled by an upstream dam,
thus watertable not varies and soil moisture sga@am should have few changes over next years.
Flood frequency and variations of watertable degtars increase habitat complexity (Naiman &
Decamps 1997) creating conditions to distinct ssegrowth (Lopes & Schiavini 2007). Second,
new artificial lake created did not had a curreatex flow, then the sediments and seeds deposition
from upstream plants will not occur. Flow regiméuence species composition and distribution at
small scales (Bendix & Hupp 2000; Hughes & Rood3)0p0because many seeds are dispersed by
hidrochory (Jansson et al. 2000) and soil depasitreates patches with distinct soil infiltratiamda
nutrients (Rodrigues et al. 2010), increasing emrrent heterogeneity patches to distinct species
establish. Therefore, free-flowing rivers becomeranspecies-richness than regulated ones after

long periods (Dynesius et al. 2004; Nilsson el 887).
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Finally, and specifically to deciduous forest, niggpecies are dispersed by wind, therefore
not produce fleshy fruits to fauna consumption. ldeer, typical riparian forests tend to had many
zoochoryc dispersed species (Pinheiro & Ribeiro12@odrigues et al. 2010) and attract high
animal diversity. Even though animal dispersed iggeincrease their importance in the community
(Siphoneugena densiflgravicropholis venulosa Protium heptaphyllum Duguetia lanceolata
Copaifera langsdorffjiSiparuna guianensj<heiloclinium cognatupCecropia pachystachyand
others), this process should be very slow andittg®rtant function was virtually lost after origina

riparian forest destruction by dam construction.

This “Riparian Effect” happened in the three dryefst studied not only enhances richness
and diversity but leads to high exchange in indiald, due high mortality and recruitment. The
total number of individuals had few changes dueat@ in recruit and death trees; however,

turnover to each species was high because a fpeniies not only lost but recruits many trees.

Many tropical studies in no disturbed sites sugdes® changes on species density and
turnover (Chazdon et al. 2007; Lieberman et al.519Bwaine et al. 1987), suggesting stable
environments with more recruitment and mortalitgnir most dense species (Pinto & Hay 2005).
However, an imbalance after damming occurred, sgpeeies presented high recruitment rates and
low mortality, consequently a great positive nedrgde, against species highly negatively affected,
with mortality rates highter than recruitment. Evéttle soil moisture change may induce
vegetation changes (Nilsson & Svedmark 2002) thatemsoil increase cause different responses
on species. On one hand, water could kill root®bygen stress and consequently anoxia (Nilsson
et al. 1997; Vartapetian & Jackson 1997; White 200¥d upland plants usually are intolerant to
riparian environment (Johnson 1994; Nilsson & Beegg2000), on the other hand can broke

intense seasonal dry period enhance plant growth.

The scenario was an instable period with intense thanges and several consequences to
species few years after damming. Instable periottsuroafter strong perturbation and some
conclusion were difficult to be made, but is clgdaHat most important species not response equally
and those high negatively affected should not leel irs management of areas with similar impacts.
Many of these species with negative response toumgment were inclusive used in “recuperation
management” of many areas affected by dammiklyrgcrodruon urundeuviaPlatypodium
elegans Tabebuia roseoalhaCasearia rupestrigGuimaraes et al. 2009). Thus we concluded that
these species are not good to be used in recuperatinagement if planted in areas with similar

soil condition studied here (rocky terrain with liglopes), which means unnecessary money spent.
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Increase in basal area and mortality rates

Despite of species changes, the most impressive spasies increment (growth) and
consequent gain in basal area. Even species wgth rniortality obtained positive basal area net
change, mainly in the first two years after impomeat (most evident in the two deciduous forests,
see Figure 4) due high trees increment. In secgnftaests, biomass accumulation is more
influenced by growth than density (Chazdon et 807), soon are good predictors of possible
species paths in these communities. In this wayjvsr individuals that won the soil anoxia and

not died presents high growth.

When analyzed the more important species, manyheimtshow high ingrowths rates
leading to thick woods on the communities (even ynhigh mortality species presented high
ingrowths rates, commonly higher than 5% y@arstrongly influencing the forests basal area
enlargement (Chapter 3). The great species basalrae on deciduous forest occurred probably
due broke the water period limitation (Chapter 8Jl,abecause semidecidous species had a strong
floristic similarity to moist Atlantic forest (Oleira & Fontes 2000), thus trees growth should eot b
so limited in this milder environment. Many semidiemus species had not strong variations on
basal area gain (see Figure 3), reinforcing thethgsis that species on milder environments suffer

less changes with raise in moisture changes thaugtt environments.

All high changes in individuals (high turnover deeruitment and mortality) and basal area
gain leads to strongly modifications on tree comitiesy Species with few trees sampled could had
high recruitment and/or mortality (case Siparuna guianensisand Cecropia pachystachya
However, in few years these low important species caused several changes on community
thought their aggregate value could be significavdr the years. Then, we focus on changes of
most important species whose strongly affect entmenmunity. Some of the most important
species (with major cover value) reduced their irtgpwe due high mortalityMyracrodruon
urundeuvaand Tabebuia roseoalban DF1, Guazuma ulmifoliaand M. urundeuvain DF2 (all
canopy species) ar@ordiera sessili@ndCasearia grandiflorglunderstory species) in SF.

Without disturbances, more abundant species tet@domore mortality (Felfili 1995), but
more recruitment (Hubbell et al. 1990; Pinto & H2005). However, these species recruitment
rates were very low too, thereby the individualgatae net change occur due these two factors:

high mortality and low recruitment. Otherwise, gpecwith positive responses to damming in



108

deciduous forests are canopy ongsadenanthera colubrinandPiptadenia gonoacanthan DF1
andInga sessilisA. colubrinaandLonchocarpus cultratugn DF2. Then, great structural changes
on canopy in future should occur because deadeurdits are of distinct species from same forest
layer. Great majority of these dead trees in demiduorest were low thickness too (smaller than
20cm of diameter — Chapter 3) and the recruitslbadheight too, then these changes will be felt
only in the future. However, less future changesl teo occur on semideciduous forest because the
species with high density increagespidosperma discolpAstronium nelson-rosagndTerminalia
glabescensnot present high density and are canopy speditsrent than those species with more
mortality that were from understory. There was rsgifg rising of these canopy species too, than

semideciduous forest will maintain similar to thregmal forest structure.
Times of records assessment

Not only was a range of answers as to forest tygpedies in semideciduous forest
responded less intensely to the effects of the desrithe responses were concentrated in the first
two years after impoundment (see Figure 3). Mostigs suffer fewer changes in T2-T4 period in
all three forests, demonstrating that damming irtgoaiend to stabilize few years after
impoundment. Works with other taxa, like macroplyed insects boom after damming (Fearnside
2005; Luz 1994; Moura Junior et al. 2011; Patzle2@00), demonstrated that intense changes
occur after dam construction, but tend to stabitxer years (Lima et al. 2002). Even abiotic
changes, like carbon emission, were concentratédstryears after damming (Fearnside 2002).

Hence the analysis every two years was necessdrgadisfactory in represent the scenario
after damming, with high changes just after imgaltowed by a stabilization. The damming effect
for many species would have been masked, if andlgndy TO-T4 period because rates in T2-T4
were three to most of ten times smaller to theseisp. More, we avoid error associated to tree
hydration, when measurement occur in different@eaef the years (Phillips et al. 2004), because
all measurements (TO, T2 and T4) occurred in tlleafrwet season (March-April), increasing the
reliability of results. The interval of measurememterfere on dynamic rates too (Phillips et al.
2004), however the species rates differences betWw@eT2 and TO-T4 were just too high too
(frequently more than 5% yeYrto infer that the two or four years cause so higarferences on
rates. Finally, the rates could be influenced bgcsgs number of individuals and our criteria of
analyzed just species with 20 or more individuaigsimized this problem and many tendencies

were general.
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Conclusions

We could argue that a succession phase start figstdamming, first due high mortality
rates. This high mortality should be obviously anpanied by basal area lost, a “degradation
phase” (Machado & Oliveira-Filho 2010). An intens®rtality creates spaces to trees of other
species stabilize (van Breugel et al. 2006), “reptaent phase” occur. These two theoretical phases
were concurrent, but the first one is totally ineieggent from the second, however “replacement
phase” depends from new open spaces created bwlityodf trees of “degradation phase”. The
differences of damming effects than other distuckais the fact of recruitment be less dependent
than mortality, because new conditions facilitateswv trees establishment, independent of
mortality. Hence mortality and recruitment presdntsame weight to community and a
“degradation phase” did not really occur. What heapul was a species change, because majority of
dead tree were distinct than those recruited, tthe “replacement phase” really occur. This
replacement will favor moisture adapted species theeyears.

A typical disturbance caused dead of big treeslitey to basal area lost (Clark & Clark
1996), but basal area had incredible increase dienwisture. In “building phases” a forest
recovers from a disturbance (that cause basallas®awith trees growths (Machado & Oliveira-
Filho 2010). Damming disturbances studied in tl@asenal forests act different. A rise in trees
growths caused quick basal area gain not to retléddorest, but due new conditions, then we call
this “growth phase”. This phase is distinct thaelfshinning” (Machado & Oliveira-Filho 2010)
too by not lost density due fast recruitment.

We can infer that forest affected by dams preseatéeplacement phase” and a “growth
phase” with species change (prevail of water aasedispecies) and basal area gain. The “growth
phase” tends to stabilize first because many specées in T2-T4 were lower than TO-T2.
However, changes in more important species (withremmortality of few ones and more
recruitment of others) and establishment of nevwiggeshould be more complex and take years to
stabilize. The original condition probably will hadstige of original condition due large trees had
long longevity and persist in environments for aggeriod (Carey et al. 1994), but the forest will
never return to their original state.

We conclude that forest is reorganize their stmagtgspecies establishment and total basal
area supported and damming new condition will ckeahgse forests for several years, leading to a
different kind of forest. These changes were mesere on deciduous forest too, because soil are
dryer than semideciduous forest environments, tis in soil moisture caused more changes.
Continuation of monitoring of these areas is fundatal to understand dam effects on seasonal
forests.
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Appendix X - Tree species parameters and dynartes ta a Deciduous Forest (Deciduous Forest 1 9 Fouthearn Brazil. TO = before dam

construction, T2 = two years after damming, T4 grfgears after damming, M = mortality, R = recrwetm, O = outgrowth, | = ingrowth. Only

species with less than 20 individuals are shown.

Number of
Deciduous 1 individuals Basal Area Dinamics Rates T0-T2 Dinamics Rates T2-T4 Dinamics Rates T0-T4
Species TO T2 T4 TO T2 T4 M R 0 I M R (0] I M R o] I
Acrocomia aculeata 11 11 11 0.60 0.61 0.61 00 00 13 15 00 0.0 0.0 0.0 00 00 06 0.8
Aegiphyla sellowiana 1 1 1 0.00 0.00 0.00 00 0.0 0.0 20.0 00 0.0 00 0.0 00 0.0 0.0 106
Aloysia virgata 3 2 1 0.02 0.01 0.00 184 0.0 179 04 293 0.0526 0.0 240 0.0 381 09
Allophyllus sericeus 5 6 4 0.04 0.05 0.05 00 87 04 1221 184 00 49 32 120 6.9 35 85
Apeiba tibourbou 5 5 5 0.03 0.06 0.10 10.6 106 3.1 304 00 0.0 0.0 238 54 54 15 272
Aspidosperma parvifolium 2 2 2 0.01 0.01 0.01 00 00 00 51 00 00 19 0.0 00 00 11 27
Aspidosperma subincanum 0 1 1 0.00 0.00 0.00 - 100.0 - 100.0 0.0 0.0 0.0 143 - 1000 - 100.0
Astrionium fraxinifolium 5 5 7 0.06 0.08 0.09 00 0.0 0.0 125 00 155 00 54 00 81 00 90
Casearia gossypiosperma 10 12 15 0.05 0.06 0.41 5.1 184 9.2 215 00 69 26 3.3 26 120 65 3.2
Casearia sylvestris 9 11 12 0.03 0.03 0.04 57 147 56 17.9 00 43 04 54 29 96 31 120
Cecropia pachystachya 6 5 9 0.11 0.08 0.12 18.4 10.6 28.9 18.3 0.0 255 0.0 17.8 96 184 15.7 18.0
Celtis iguanae 10 14 15 0.05 0.08 0.09 10.6 244 9.6 252 36 6.9 48 105 85 173 9.2 19.9
Chrysophyllum gonocarpum 1 1 1 0.010.010.01 00 00 18 0.0 00 0.0 0.0 o0. 00 00 09 0.0
Chomelia pohliana 5 5 5 0.01 0.02 0.02 10.6 106 7.5 19.1 00 00 00 86 54 54 38 14.0
Chomelia ribesioides 5 6 4 0.02 0.02 0.02 00 87 86 83 184 00249 51 12.0 6.9 203 10.3
Cordieria sessilis 1 2 2 0.00 0.01 0.01 0.0 293 0.0 408 00 00 00 28 0.0 159 00 24.1
Cordia sp. 7 6 6 0.07 0.06 0.06 74 00 80 14 00 00 33 03 38 0.0 57 09
Cupania vernalis 1 1 2 0.01 0.01 0.02 00 00 00 0.0 0.0 29.3 0.0 15.9 00 159 00 83
Dilodendron bipinatum 4 5 5 0.01 0.02 0.02 00 106 0.0 27.3 00 00 00 6.2 00 54 00 174
Enterolobium contortisiliquum 3 3 3 0.12 0.14 0.15 00 00 00 8.6 00 00 12 41 00 00 0.7 6.5
Eugenia florida 1 1 1 0.00 0.00 0.00 00 00 0.0 6.2 00 0.0 00 45 00 00 00 54
Guapira opposita 0 1 1 0.00 0.00 0.00 - 100.0 - 100.0 00 0.0 00 112 - 100.0 - 100.0



Guarea guidonia
Hymenaea courbaril
Inga vera

Jacaranda caroba
Lonchocarphus cultratus
Luehea grandiflora
Machaerium aculeatum
Machaerium hirtum
Maclura tinctoria
Margaritaria nobilis
Matayba guianensis
Myrcia splendens
Myrsine guianensis
Myrsine umbelata
Pouteria torta
Rhamnidium elaeocarpum
Siparuna guianensis
Sterculia striata
Handroanthus crysotrichus
Tapirira guianensis
Tocoyena formosa
Trema micrantha
Trichilia elegans

Xylopia aromatica
Xylopia brasiliensis
Zanthoxylum rhoifolium
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100.0
100.0
8.1
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Appendix Xl - Tree species parameters and dynaat&srto a Deciduous Forest (Deciduous Forest 22) bFsouthearn Brazil. TO = before dam
construction, T2 = two years after damming, T4 arfgears after damming, M = mortality, R = recrwetmy, O = outgrowth, | = ingrowth. Only
species with less than 20 individuals are shown.

Number of

Deciduous 2 individuals Basal Area Dinamics Rates TO-T2 Dinamics Rates T2-T4 Dinamics Rates TO-T4

Species TO T2 T4 TO T2 T4 M R O I M R (0] I M R (0] I
Acacia polyphylla 12 8 9 0.21 0.19 0.21 184 0.0 152 9.1 6.5 11.8 4.0 104 126 6.1 102 10.1
Aegiphila sellowiana 1 0 0 0.01 0.00 0.00 100.0 - 100.0 - - - - - 100.0 - 100.0 -

Albizia niopoides 5 7 7 0.02 0.05 0.06 0.0 155 0.0 345 00 00 0.0 101 0.0 81 00 233
Apeiba tibourbou 5 5 5 0.16 0.20 0.21 00 0.0 0.0 1112 00 00 11 33 0.0 0.0 0.7 7.4
Apuleia leiocarpa 1 1 1 0.00 0.01 0.02 00 0.0 0.0 39.0 00 00 0.0 128 0.0 00 00 271
Aspidosperma cuspa 1 1 1 0.01 0.02 0.02 0.0 0.0 0.0 205 00 00 00 72 0.0 0.0 00 141
Aspidosperma parviflorum 4 7 7 0.34 0.36 0.14 00 244 00 33 74 74 381 1.6 6.9 19.1 236 5.3
Astrionium fraxinifolium 15 17 19 0.18 0.25 0.29 00 6.1 0.0 145 00 54 00 7.0 0.0 57 0.0 108
Casearia sylvestris 9 10 10 0.10 0.12 0.12 57 106 2.6 10.7 00 00 16 43 2.9 5.4 2.3 7.7
Cecropia pachystachya 1 1 9 0.02 0.03 0.06 0.0 0.0 0.0 10.8 0.0 66.7 0.0 28.8 0.0 423 0.0 203
Cedrela fissilis 0 2 4  0.00 0.00 0.01 - 100.0 - 100.0 0.0 293 0.0 39.7 - 100.0 - 100.0
Ceiba speciosa 0 0 1 0.00 0.00 0.00 - - - - - 100.0 - 100.0 - 100.0 - 100.0
Citrus sp. 1 1 1 0.010.010.01 00 00 04 0.0 00 00 55 0.0 0.0 00 30 0.0
Cordia alliodora 7 6 6 0.14 0.12 0.14 74 0.0 17.7 10.5 00 00 00 7.0 3.8 00 93 8.8
Cordia trichotoma 1 2 2 0.03 0.04 0.05 0.0 293 0.0 122 00 00 0.0 121 00 159 0.0 121
Cupania vernalis 1 3 4  0.00 0.01 0.02 0.0 423 0.0 437 0.0 134 0.0 217 0.0 293 0.0 336

Enterolobium contortisiliquum 15 14 13  0.29 0.42 0.48 69 36 14 179 36 00 02 6.3 5.4 2.0 09 124
Eriotheca candolleana 2 2 2 0.08 0.08 0.09 00 00 00 26 00 00 00 37 00 00 00 32
Erythroxylum deciduum 1 1 1 0.00 0.01 0.01 00 00 0.0 218 00 00 0.0 120 00 0.0 0.0 17.0
Eugenia florida 0 1 1 0.00 0.00 0.00 - 1000 - 100.0 00 00 00 211 - 100.0 - 100.0
Ficus sp. 1 1 1 0.04 0.04 0.04 00 00 00 39 00 00 00 30 00 00 00 34
Genipa americana 0 1 1 0.00 0.00 0.01 - 1000 - 100.0 00 00 0.0 143 - 100.0 - 100.0
Guarea guidonia 0 1 1 0.00 0.00 0.00 - 1000 - 100.0 00 00 0.0 100 - 1000 - 100.0
Hymenaea courbaril 1 1 0 0.02 0.04 0.00 00 00 00 239 1000 - 100.0 - 100.0 - - -
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29.3
5.1
100.0
0.0
100.0
100.0
100.0
18.4
29.3
18.4
100.0

2.2
29

0.0
4.7
0.0

0.0
2.8

25.3
0.3
0.0

30.4
0.0
0.0
0.0
0.0

22.3
0.4

0.0

0.0
0.0
0.0

5.8
11.2
100.0
4.5
17.5
9.8

20.3
17.7
100.0
18.9
6.8
33.8
2.7
3.5
46.9
27.3
111
45.9
14.5
100.0
0.8
100.0
100.0
100.0
31.4
40.8
195
100.0

0.0 0.0
00 0.0
0.0 134
100.0 100.0
0.0 0.0
00 0.0
- 100.0
00 0.0
0.0 0.0
00 0.0
0.0 184
0.0 244
0.0 0.0
29.3 0.0
0.0 0.0
00 0.0
0.0 0.0
00 0.0
0.0 0.0
00 47
0.0 0.0
00 0.0
0.0 0.0
00 0.0
0.0 184
0.0 134
0.0 10.6
00 0.0
0.0 0.0

0.0 43
03 7.7
0.0 20.2
100.0 100.0
23 27
00 31
- 100.0
00 75
12 50
0.0 193
23 133
0.7 99
0.0 17.6
369 3.6
0.0 6.0
0.0 99
00 43
00 23
0.0 115
57 3.9
0.0 29.2
00 33
0.0 184
0.0 11.8
0.0 345
0.0 15.2
0.0 133
00 4.2
0.0 0.0

0.0
2.6

100.0
0.0
0.0

0.0
3.8

0.0
0.0
0.0
28.4
0.0
0.0
0.0
0.0
15.9
0.0

0.0

0.0
0.0
0.0

0.0
0.0
100.0
100.0
9.6
0.0
100.0
0.0
12.0
100.0
15.9
131
15.9
0.0
0.0
15.9
24.0
6.9
15.9
4.9
100.0
0.0
100.0
100.0
100.0
15.9
20.5
9.6
100.0 -

11
1.6

4.0
0.0

0.0
2.3

151
0.6
0.0

35.2
0.0
0.0
0.0
0.0

11.9
4.2

0.0

0.0
0.0
0.0

51
9.5
100.0
100.0
10.9
6.5
100.0
141
11.8
100.0
16.7
8.4
26.1
53
4.8
30.8
16.6
6.8
30.8
10.4
100.0
2.1
100.0
100.0
100.0
23.8
28.4
12.2
100.0
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Appendix XII - Tree species parameters and dynaaig&s to a Semideciduou Forest (SF) in southeanilBT0 = before dam construction, T2 = two
years after damming, T4 = four years after dammiig; mortality, R = recruitment, O = outgrowth, lirgrowth. Only species with less than 20
individuals are shown.

Number of
Semideciduous individuals Basal Area Dinamics Rates TO-T2 Dinamics Rates T2-T4 Dinamics Rates TO-T4
Species TO T2 T4 TO T2 T4 M R (0] [ M R (0] I M R (0] [

11 0.07 0.10 0.11 155 209 75 196 00 147 00 7.0 81 179 38 135
0.06 0.05 0.06 00 0.0 151 6.7 00 00 0.0 59 0.0 0.0 7.9 6.3
0.00 0.00 0.00 - 100.0 - 100.0 00 0.0 0.0 105 - 100.0 - 100.0
0.03 0.03 0.03 00 00 11 17 134 00 32 17 69 00 2.2 1.7
0.01 0.02 0.02 00 00 0.0 175 00 00 00 88 00 0.0 0.0 133

Acacia polyphylla

Agonandra brasiliensis

Albizia niopoides
Aspidosperma cylindrocarpum
Astrionium fraxinifolium

P PP M DNO WS
OFr O DR WO
Or O WEFR W

Bauhinia rufa 0.01 0.00 0.00 100.0 - 1000 - - - - - 100.0 - 1000 -
Bauhinia ungulata 0.00 0.00 0.00 00 00 00 65 00 00 00 8.0 00 00 00 73
Byrsonima laxiflora 0.01 0.00 0.00 1000 - 100.0 - - - - - 100.0 - 100.0 -

Campomanesia vellutina 11 11 15 0.04 0.05 0.06 00 00 00 59 0.0 144 0.0 11.4 0.0 7.5 0.0 8.7
Cardiopetallum calophyllum 4 10 12 0.01 0.03 0.12 0.0 36.8 0.0 34.1 0.0 8.7 0.0 46.7 0.0 240 0.0 407
Cariniana estrellensis 2 2 2 0.01 0.01 0.02 00 00 00 27 00 0.0 00 54 0.0 0.0 0.0 4.1
Casearia sylvestris 3 2 2 0.01 0.011.20 184 0.0 94 6.6 0.0 0.0 - 5.0 96 0.0 100.0 26
Cecropia pachystachya 0 0 4 0.00 0.00 0.01 - - - - - 100.0 - 100.0 - 100.0 - 100.0
Cedrela fissilis 2 2 2 0.03 0.06 0.07 0.0 00 0.0 241 0.0 00 00 6.3 00 0.0 00 156
Ceiba speciosa 1 1 1 0.02 0.03 0.04 00 00 00 51 0.0 0.0 0.0 145 00 00 00 99
Celtis iguanae 1 1 1 0.00 0.00 0.00 00 00 00 24 0.0 0.0 00 0. 00 00 0. 1.2
Coccoloba mollis 3 2 2 0.01 0.01 0.01 184 0.0 257 0.0 00 00 29 20 96 0.0 151 1.0
Coussarea hydrangeaefolia 13 14 16 0.08 0.08 0.09 16.8 19.8 18.3 195 00 65 18 7.1 8.8 134 109 14.0
Coutarea hexandra 4 5 4 0.02 0.03 0.02 0.0 106 0.7 12.0 106 0.0 6.2 3.0 69 69 45 85
Cupania vernalis 3 3 6 0.07 0.07 0.08 00 00 00 18 0.0 203 08 7.1 00 159 04 45
Dilodendron bipinatum 1 0 0O 0.00 0.00 0.00 1000 - 100.0 - - - - - 100.0 - 100.0 -

Dipterix alata 4 4 4 0.11 0.12 0.14 00 00 00 59 00 00 00 72 00 00 00 6.6
Erioteca condolleana 5 5 5 0.05 0.06 0.06 00 00 03 23 00 0.0 00 22 0.0 0.0 0.1 2.2
Erythroxylum dahpnites 8 7 7 0.04 0.03 0.04 134 7.4 239 14.2 74 74 58 131 11.1 81 16.4 147
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Eugenia florida 2 5 5 0.01 0.01 0.01 29.3 55.3 30.3 48.8 00 00 00 53 159 33.1 165 30.3
Eugenia ligustrina 1 1 7 0.01 0.01 0.02 00 00 00 35 00 622 0.0 338 00 385 00 201
Faramea cyanea 1 1 1 0.010.01 0.01 00 00 0.0 97 00 00 00 31 00 0.0 0.0 6.5
Ficus cf. enormis 1 1 1 0.03 0.00 0.00 100.0 100.0 100.0 100.0 00 00 00 81 100.0 100.0 100.0 100.0
Garcinia gardneriana 1 1 1 0.00 0.00 0.00 00 0.0 105 0.0 00 00 00 56 00 0.0 54 28
Guapira opposita 1 1 1 0.01 0.010.01 00 00 00 00 00 00 15 00 00 0.0 08 0.0
Guazuma ulmifolia 1 1 1 0.02 0.02 0.02 00 00 00 00 00 0.0 00 00 00 0.0 00 0.0
Guettarda viburnoides 1 1 1 0.00 0.00 0.00 00 00 0.0 125 00 0.0 00 00 00 0.0 0.0 6.5
Heteropterix birsonimifolia 0 5 4 0.00 0.05 0.02 - 1000 - 1000 10.6 0.0 389 3.7 - 100.0 - 100.0
Hirtella gracilipes 0 0 1 0.00 0.00 0.00 - - - - - 100.0 - 100.0 - 100.0 - 100.0
Hymenaea courbaril 7 7 7 0.86 0.94 1.03 00 0.0 03 45 00 0.0 00 44 00 0.0 01 45
Inga laurina 3 3 4 0.04 0.04 0.05 00 00 00 44 00 134 00 6.7 00 6.9 00 55
Ixora brevifolia 10 9 9 0.19 0.18 0.21 51 0.0 81 6.0 00 0.0 00 65 26 00 41 6.2
Jacaranda caroba 1 1 1 0.01 0.02 0.01 00 00 0.0 385 00 00375 00 0.0 0.0 100.0 100.0
Luehea divaricata 7 7 6 0.03 0.04 0.03 00 00 04 140 74 00 50 28 38 0.0 37 95
Machaerium acutifolium 1 1 1 0.010.010.01 00 00 0.0 37 00 00 00 36 00 0.0 00 36
Machaerium brasiliensis 1 1 1 0.00 0.00 0.00 100.0 100.0 100.0 100.0 00 00 00 59 100.0 100.0 100.0 100.0
Machaerium hirtum 0 2 2 0.00 0.01 0.01 - 100.0 - 100.0 00 00 00 57 - 100.0 - 100.0
Machaerium nyctitans 1 1 1 0.00 0.01 0.01 00 0.0 0.0 315 00 00 00 53 00 0.0 00 194
Machaerium stiptatum 1 1 1 0.00 0.00 0.00 00 0.0 0.0 108 00 0.0 00 00 00 0.0 00 56
Machaerium villosum 12 9 7 0.58 0.39 0.38 184 57 214 39 118 00 55 39 159 38 140 4.2
Maclura tinctoria 1 1 1 0.00 0.00 0.00 00 00 0.0 111 00 0.0 0.0 100 00 0.0 0.0 10.6
Maprounea guianensis 1 1 1 0.00 0.00 0.01 0.0 0.0 0.0 40.0 00 00 00 74 0.0 0.0 0.0 255
Margaritaria nobilis 1 2 2 0.00 0.01 0.01 00 293 0.0 233 00 00 00 00 00 159 00 124
Matayba guianensis 4 3 3 0.01 0.01 0.02 134 0.0 82 144 00 00 00 113 69 00 42 128
Maytenus floribunda 1 1 1 0.00 0.00 0.00 00 00 00 63 00 00 00 00 00 0.0 00 3.2
Metrodorea stipularis 9 8 8 0.51 0.49 0.50 57 00 64 3.7 00 00 01 17 29 0.0 3.3 2.7
Myracrodruon urundeuva 3 3 3 0.02 0.02 0.02 00 00 00 88 00 00 00 6.7 00 0.0 0.0 7.7
Myrcia splendens 7 7 6 0.02 0.03 0.02 00 00 04 34 74 0.0 124 5.2 38 0.0 71 438
Myrcia tomentosa 6 6 7 0.04 0.05 0.06 00 00 00 7.9 00 74 00 54 00 38 0.0 6.7



Ocotea corymbosa
Piptadenia gonoacantha
Platipodium elegans
Pouteria gardnerii
Pouteria torta

Psidium rufum

Qualea dichotoma
Qualea jundiahy
Rhamnidium elaeocarpum
Rudgea viburnoides
Schefflera morototonii
Simira sampaioana
Sorocea bonplandii
Sweetia fruticosa
Handroanthus impetiginosus
Handroanthus serratifolius
Terminalia phaeocarpa
Trichilia catigua

Trichilia pallida

Vatairea macrocarpa
Virola sebifera

Xylopia aromatica
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0.12
0.00
0.17
0.00
0.01
0.00
0.08
0.47
0.00
0.03
0.20
0.02
0.00
0.20
0.09
0.05
0.00
0.02
0.01
0.06
0.05
0.00

0.14
0.00
0.19
0.01
0.01
0.00
0.08
0.22
0.00
0.02
0.22
0.01
0.00
0.22
0.11
0.05
0.00
0.02
0.02
0.07
0.05
0.00

0.15
0.04
0.22
0.01
0.02
0.00
0.08
0.26
0.00
0.02
0.26
0.01
0.00
0.23
0.11
0.05
0.01
0.02
0.01
0.08
0.06
0.01

0.0 0.0
0.0 0.0
0.0 0.0
- 100.0
0.0 0.0
- 100.0
0.0 0.0
184 7.4
0.0 0.0
00 0.0
0.0 184
50.0 0.0
0.0 0.0
0.0 10.6
0.0 0.0
74 0.0
- 100.0
00 0.0
0.0 10.6
00 0.0
0.0 0.0
0.0 293

00 74
0.0 18.0
00 65
- 100.0
0.0 49
- 100.0
0.0 0.0
422 17.0
00 7.7
111 22
00 6.2
48.4 30.3
0.0 29.8
00 49
0.0 6.0
97 73
- 100.0
00 32
00 93
00 8.0
00 71
0.0 27.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
10.6
0.0
0.0
0.0

0.0 00 29
68.4 0.0 63.2
0.0 0.1 5.9
10.6 0.7 131
18.4 0.0 19.5
00 00 56
0.0 00 0.0
11.8 00 7.9
0.0 00 25
00 00 19
95 00 7.6
00 00 57
00 00 21
00 05 17
293 0.0 0.6
74 00 6.7
184 0.0 26.1
00 0.0 0.0
0.0 10.3 35
00 00 83
87 00 24
0.0 0.0 375

0.0
0.0
0.0

0.0

0.0
9.6
0.0
0.0
0.0
29.3
0.0
0.0
0.0
3.8

0.0
6.9
0.0
0.0
0.0

0.0
43.8
0.0
100.0
9.6
100.0
0.0
9.6
0.0
0.0
14.1
0.0
0.0
5.4
15.9
3.8
100.0
0.0
6.9
0.0
4.5
15.9

00 51
0.0 451
0.1 6.2
- 100.0
0.0 125
- 100.0
0.0 0.0
240 126
00 51
5.7 2.0
0.0 6.9
28.2 18.9
00 171
03 33
00 34
5.0 7.0
- 100.0
0.0 1.6
6.6 7.7
00 81
0.0 438
0.0 328
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Appendix XIII - Tree species turnover and net cleatiga Deciduous Forest (Deciduous Forest 1 - Descending order of overall net change in
TO-T4 period, in southeastern Brazil. Ind = indivédls, BA = Basal area. Only species with less #@amdividuals are shown.

Deciduous Forest 1 Individuals Turnover Basal Areenover Individuals Net Change Basal Area Net @jean Overall Net Change
Species TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4
Acrocomia aculeata 0.0 0.0 0.0 14 0.0 0.7 0.0 0.0 0.0 0.3 0.0 0.1 0.1 0.0 0.1
Aegiphyla sellowiana 0.0 0.0 0.0 10.0 0.0 5.3 0.0 0.0 0.0 25.0 0.0 11.8 12.5 0.0 5.9
Aloysia virgata 9.2 146 12.0 9.1 26.3 195 -184 -29.3 -24.0 -175 -52.6 -375 -18.0 -41.0 -30.8
Allophyllus sericeus 4.4 9.2 9.5 6.2 4.1 6.0 95 -18.4 -5.4 13.3 -1.8 5.5 11.4 -10.1 0.0
Apeiba tibourbou 10.6 0.0 5.4 16.7 119 144 0.0 0.0 0.0 39.3 31.2 35.2 19.6 156 17.6
Aspidosperma olivaceum 0.0 0.0 0.0 2.5 0.9 1.9 0.0 0.0 0.0 5.4 -1.9 1.7 2.7 -0.9 0.8
Aspidosperma subincanum 50.0 0.0 50.0 50.0 7.1 50.0 - 0.0 - - 16.7 - - 8.3 -
Astrionium fraxinifolium 0.0 7.7 4.0 6.3 2.7 4.5 0.0 18.3 8.8 14.3 5.7 9.9 7.2 12.0 9.4
Casearia gossypiosperma 11.7 3.5 7.3 154 31.0 246 9.5 11.8 10.7 6.6 161.1 66.9 8.1 86.4 38.8
Casearia sylvestris 10.2 2.1 6.3 11.8 2.9 7.5 10.6 4.4 7.5 15.0 5.3 10.0 12.8 4.9 8.7
Cecropia pachystachia 14.5 12.7 14.0 23.6 8.9 16.8 -8.7 34.2 10.7 -13.0 21.7 2.9 -10.8 27.9 6.8
Celtis iguanae 175 5.3 12.9 17.4 7.6 14.5 18.3 3.5 10.7 20.8 6.5 134 19.6 5.0 12.0
Chrysophyllum gonocarpum 0.0 0.0 0.0 0.9 0.0 0.4 0.0 0.0 0.0 -1.8 0.0 -0.9 -0.9 0.0 -0.4
Chomelia pohliana 10.6 0.0 5.4 13.3 4.3 8.9 0.0 0.0 0.0 14.3 9.5 11.9 7.2 4.7 5.9
Chomelia ribesioides 4.4 9.2 9.5 8.4 15.0 153 95 -18.4 5.4 -0.3 -208 -11.2 46 -19.6 -8.3
Chomelia sessilis 14.6 0.0 8.0 20.4 1.4 12.1 41.4 0.0 18.9 68.9 2.9 31.8 55.1 15 25.4
Cordia sp. 3.7 0.0 1.9 4.7 1.8 3.3 -7.4 0.0 -3.8 -6.8 -3.0 -4.9 -7.1 -1.5 -4.3
Cupania vernalis 0.0 14.6 8.0 0.0 8.0 4.2 00 414 18.9 0.0 18.9 9.1 0.0 30.2 14.0
Dilodendron bipinatum 5.3 0.0 2.7 13.6 3.1 8.7 11.8 0.0 5.7 37.5 6.6 21.1 24.7 3.3 13.4
Enterolobium contortisiliquum 0.0 0.0 0.0 4.3 2.6 3.6 0.0 0.0 0.0 9.4 3.1 6.2 4.7 15 3.1
Eugenia florida 0.0 0.0 0.0 3.1 2.3 2.7 0.0 0.0 0.0 6.6 4.8 5.7 3.3 2.4 2.8
Guapira areolata 50.0 0.0 50.0 50.0 5.6 50.0 - 0.0 - - 12.5 - - 6.3 -
Guarea guidonia 50.0 25.0 50.0 5000 299 50.0 - 100.0 - - 1489 - - 1244 -
Hymenaea courbaril 0.0 0.0 0.0 15 0.6 1.1 0.0 0.0 0.0 3.1 1.3 2.2 1.6 0.7 1.1
Inga vera 0.0 50.0 50.0 0.0 50.0 50.0 - - - - - - - - -
Jacaranda caroba 0.0 50.0 50.0 0.0 50.0 50.0 - - - - - - - - -
Lonchocarphus cultratus 146  39.6 29.3 29.0 275 36.7 -29.3 414 0.0 -34.2 -7.1 -21.8 -31.7 17.2 -10.9
Luehea grandiflora 50.0 0.0 50.0 50.0 4.3 50.0 - 0.0 - - 9.4 - - 4.7 -
Machaerium aculeatum 0.0 0.0 0.0 4.8 2.1 3.5 0.0 0.0 0.0 10.7 4.3 7.4 5.3 2.1 3.7

Machaerium brasiliensis 0.0 3.7 1.9 5.8 3.7 4.7 0.0 8.0 3.9 13.0 7.9 10.4 6.5 8.0 7.2



Maclura tinctoria
Margaritaria nobilis
Matayba guianensis
Myrcia splendens

Myrsine guianensis
Myrsine umbelata
Pouteria torta
Rhamnidium elaeocarpum
Siparuna guianensis
Sterculia striata
Handroanthus crysotrichus
Tapirira guianensis
Tocoyena formosa

Trema micrantha

Trichilia elegans

Xylopia aromatica

Xylopia brasiliensis
Zanthoxylum rhoifolium

3.2
0.0
20.4
14.6
115
0.0
0.0
2.6
50.0
50.0
14.6
21.1
50.0
50.0
0.0
50.0
0.0
9.2

5.3
50.0
10.5

9.2

4.8
50.0

0.0

29
211

0.0

0.0

6.7
50.0
14.6
50.0

0.0
50.0

0.0

4.3
50.0
15.7
12.0

8.7
50.0

0.0

2.7
50.0
50.0

8.0
14.6

100.0
50.0
50.0
50.0
50.0

4.8

8.0
0.0
131
16.7
10.8
0.0
5.0
4.7
50.0
50.0
17.4
17.9
50.0
50.0
0.0
50.0
0.0
18.7

11
50.0
8.3
12.1
4.5
50.0
9.2
3.6
50.0
0.0
2.3
10.2
50.0
24.3
50.0
8.7
50.0
3.6

1.2
50.0
10.8
14.5

8.1
50.0

7.1

4.6
50.0
50.0
10.7
14.3

100.0
50.0
50.0
50.0
50.0
12.0

6.9

54
41.4
-14.4

11.8
26.5
22.5
-9.5

0.0
-5.7
73.2

0.0
155

41.4

0.0

0.0

9.3

155
31.6
-12.0

19.0

50.4

151.5
194
31.9

1.2
22.5
-2.7
94.2

-4.5
25.5

94.5

21.1

0.3

73.0

134
40.8

13.0

6.5
45.9
-10.0

81.7
22.9
27.2
-4.2
11.3
-4.2
83.7

-2.3
20.5

67.9
10.5

0.1
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Appendix XIV - Tree species turnover and net chage Deciduous Forest (Deciduous Forest 2 — D2)dscending order of overall net change in
TO-T4 period, in southeastern Brazil. Ind = indivédls, BA = Basal area. Only species with less #@amdividuals are shown.

Deciduous Forest 2 Individuals Turnover  Basal Area Turnover Individuals Net Change Basal Area Net Change Overall Net Change
Species TO-T2T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T4 TO-T4 TO-T2 T2-T4 TO-T4
Acacia polyphylla 9.2 9.1 9.3 12.2 7.2 10.2 -18.4 6.1 -6.9 -6.8 7.0 -0.1 -12.6 6.6 -3.5
Aegiphila sellowiana 50.0 0.0 50.0 50.0 0.0 50.0 -100.0 - -100.0 -100.0 - -100.0 -100.0 - -100.0
Albizia niopoides 7.7 0.0 4.0 17.2 5.1 11.6 18.3 0.0 8.8 52.6 11.3 303 355 5.6 19.5
Apeiba tibourbou 0.0 0.0 0.0 55 2.2 4.1 0.0 0.0 0.0 12.5 2.2 7.2 6.2 11 3.6
Apuleia leiocarpa 0.0 0.0 0.0 19.5 6.4 13.5 0.0 0.0 0.0 64.0 146 37.1 32.0 7.3 18.6
Aspidosperma cuspa 0.0 0.0 0.0 10.2 3.6 7.0 0.0 0.0 0.0 25.7 7.7 16.4 12.9 3.9 8.2
Aspidosperma subincanum 12.2 7.4 13.0 1.6 19.8 14.4 32.3 0.0 15.0 34 -37.1 -19.3 17.8 -18.5 -2.2
Astrionium fraxinifolium 3.0 2.7 2.9 7.2 35 5.4 6.5 5.7 6.1 16.9 7.5 12.1 11.7 6.6 9.1
Casearia sylvestris 8.1 0.0 4.2 6.6 2.9 5.0 5.4 0.0 2.7 9.0 2.8 5.8 7.2 1.4 4.3
Cecropia pachystachia 00 333 211 5.4 14.4 10.2 0.0 200.0 732 12.1 40.5 25.5 6.1 120.3 494
Cedrela fissilis - 146 - 50.0 19.8 50.0 - 414 - - 65.8 - - 536 -
Ceiba speciosa - - - 0.0 50.0 50.0 - - - - - - - - -
Citrus sp. 0.0 0.0 0.0 0.2 2.7 15 0.0 0.0 0.0 -0.4 -5.5 -3.0 -0.2 2.7 -1.5
Cordia alliodora 3.7 0.0 1.9 14.1 3.5 9.0 -7.4 0.0 -3.8 -8.0 7.5 -0.5 -7.7 3.8 -2.2
Cordia trichotoma 14.6 0.0 8.0 6.1 6.0 6.1 41.4 0.0 18.9 13.9 13.7 13.8 27.6 6.9 16.4
Cupania vernalis 21.1 6.7 14.6 21.8 109 16.8 73.2 155 414 77.5 27.8 50.6 75.3 21.6 46.0
Enterolobium contortisiliquum 5.3 1.8 3.7 9.7 3.3 6.6 -3.4 -3.6 -3.5 20.1 6.5 13.1 8.4 1.4 4.8
Eriotheca candolleana 0.0 0.0 0.0 1.3 1.8 1.6 0.0 0.0 0.0 2.7 3.8 3.3 14 1.9 1.6
Erythroxylum deciduum 0.0 0.0 0.0 10.9 6.0 8.5 0.0 0.0 0.0 27.9 13.6 20.5 13.9 6.8 10.3
Eugenia florida - 0.0 - 50.0 105 50.0 - 0.0 - - 26.7 - - 13.3 -
Ficus sp. 0.0 0.0 0.0 2.0 15 1.7 0.0 0.0 0.0 4.1 3.0 3.6 2.1 15 1.8
Genipa americana - 0.0 - 50.0 7.1 50.0 - 0.0 - - 16.7 - - 8.3 -
Guarea guidonia - 0.0 - 50.0 5.0 50.0 - 0.0 - - 11.1 - - 5.6 -
Hymenaea courbaril 00 - - 119 50.0 0.0 0.0 -100.0 -100.0 314 -100.0 -100.0 15.7 -100.0 -100.0
Jacaranda caroba 0.0 0.0 0.0 4.0 2.2 3.1 0.0 0.0 0.0 3.8 4.5 4.2 1.9 2.3 2.1
Luehea divaricata 2.6 0.0 1.3 7.0 4.0 5.6 5.1 0.0 -2.6 9.4 8.0 8.7 2.1 4.0 3.1
Luehea grandiflora - 6.7 - 50.0 101 50.0 - 15.5 - - 25.3 - - 20.4 -
Machaerium aculeatum 0.0 100.0 100.0 2.3 100.0 50.0 0.0 0.0 0.0 47 -88.0 -64.5 24 -440 -323
Machaerium stiptatum 9.2 0.0 4.8 11.1 25 7.5 22.5 0.0 10.7 15.4 0.5 7.7 19.0 0.2 9.2

Maclura tinctoria 0.0 0.0 0.0 4.9 15 3.2 0.0 0.0 0.0 10.8 3.2 6.9 5.4 1.6 3.5



Matayba guianensis
Metrodorea pubecens
Myrcia splendens
Nectandra cissiflora
Piptadenia gonacantha
Pouteria gardnerii

Protium heptaphyllum
Psidium guajava

Psidium sartorianum
Sweetia fruticosa
Handroanthus crysotrichus
Handroanthus impetiginosus
Tabebuia roseoalba
Handroanthus serratifolius
Terminalia glabescens
Terminalia phaeocarpa
Trichilia catigua

Trichilia elegans

Trichilia pallida

Unonopsis lindmanii
Xylopia aromatica
Zanthoxyllum riedelianum
Zanthoxylum rhoifolium

0.0
15.0

6.7
0.0
14.6
13.7
0.0
14.6
211
6.7
29.3
2.6

0.0

9.2
14.6
9.2

0.0
0.0
0.0
9.2
12.2
0.0
14.6
0.0
0.0
0.0
0.0
0.0
2.3
0.0
0.0
0.0
0.0
9.2
6.7
53
0.0
0.0

0.0
7.9

8.0
6.5
8.0
14.2
0.0
8.0
12.0
3.5
15.9
2.4

0.0

8.0
10.2
4.8

0.0
10.1
10.3
50.0
22.1

3.5
16.9
16.5

18
23.5
13.7

5.6
34.1

7.5
50.0

0.4
50.0
50.0
50.0
15.7
20.4

9.8
50.0

50.0
3.8
3.1
9.6
7.8
5.3
8.8

20.3
3.0
4.9
2.2
1.2
5.8
4.8

14.6
1.6
9.2
5.9

17.3
7.6
6.6
2.1
0.0

50.0
7.1
7.1

50.0

15.9
4.5
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20.2
2.4

15.4
8.3
3.4

21.3
7.3

50.0
1.0

50.0

50.0

50.0

11.9

14.2
6.1

50.0

0.0 0.0
19.5 0.0
- 0.0
155 22.5

0.0 32.3
41.4 0.0

-27.5 -29.3

0.0 0.0
41.4 0.0
73.2 0.0
155 0.0

0.0 0.0

5.4 4.9
- 0.0

0.0 0.0
- 0.0
- 0.0
- 22.5
22.5 15.5
41.4 11.8
22.5 0.0
- 0.0

0.0 25.4 8.1 16.4 12.7 4.1
9.3 18.1 4.0 10.8 18.8 2.0
- - 23.8 - - 11.9
18.9 -7.9 12.7 1.9 3.8 17.6
15.0 6.9 10.2 8.5 3.5 21.2
18.9 50.9 21.4 35.3 46.2 10.7
-28.4 -284 -345 -31.6 -27.9 -31.9
0.0 3.6 6.4 5.0 1.8 3.2
18.9 88.3 11.0 44.6 64.9 5.5
31.6 37.6 4.5 19.9 55.4 2.3
7.5 12.5 2.4 7.3 14.0 1.2
0.0 43.6 13.0 27.4 21.8 6.5
51 16.6 -1.9 6.9 11.0 15
- - 41.2 - - 20.6
0.0 0.9 3.4 2.1 0.4 1.7
- - 22.5 - - 11.3
- - 13.3 - - 6.7
- - 52.7 - - 37.6
18.9 45.9 17.9 31.2 34.2 16.7
25.7 69.0 15.3 39.6 55.2 13.6
10.7 24.2 4.3 13.8 23.4 2.2
- - 0.0 - - 0.0
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8.2
10.1

10.4
11.8
27.1
-30.0
2.5
31.7
25.8
7.4
13.7
6.0

11

25.0
32.7
12.3
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Appendix XV - Tree species turnover and net chaoge Semideciduous Forest (SF) by descending afdeverall net change in TO-T4 period, in
southeastern Brazil. Ind = individuals, BA = Baaeda. Only species with less than 20 individuadssiiown.

Semideciduous Forest Individuals Turnover BasabArarnover Individuals Net Change Basal Area Nerigje Overall Net Change
Species TO-T2T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T2-T4 TO-T4 TO-T2 T4 TO-T4 TO-T2 T2-T4 TO-T4
Acacia polyphylla 18.2 74 13.0 13.6 35 8.7 6.9 17.3 12.0 15.0 7.6 11.2 10.9 12.4 11.6
Agonandra brasiliensis 0.0 0.0 0.0 10.9 3.0 7.1 0.0 0.0 0.0 -9.0 6.3 -1.7 -4.5 3.2 -0.8
Albizia niopoides 50.0 0.0 50.0 50.0 5.3 50.0 - 0.0 - - 11.8 - - 5.9 -
Aspidosperma cylindrocarpum 0.0 6.7 35 1.4 2.4 2.0 0.0 -134 -6.9 0.6 -1.6 -0.5 0.3 -7.5 -3.7
Astrionium fraxinifolium 0.0 0.0 0.0 8.7 4.4 6.6 0.0 0.0 0.0 21.2 9.7 15.3 10.6 4.8 7.6
Bauhinia rufa 50.0 0.0 50.0 50.0 0.0 50.0 -100.0 - -100.0 -100.0 - -100.0 -100.0 - -100.0
Bauhinia ungulata 0.0 0.0 0.0 3.3 4.0 3.6 0.0 0.0 0.0 7.0 8.7 7.8 35 4.3 3.9
Byrsonima laxiflora 50.0 0.0 50.0 50.0 0.0 50.0 -100.0 - -100.0 -100.0 - -100.0 -100.0 - -100.0
Campomanesia vellutina 0.0 7.2 3.7 3.0 5.7 4.4 0.0 16.8 8.1 6.3 12.9 9.6 3.2 14.8 8.8
Cardiopetallum calophyllum 18.4 44 120 17.0 234 204 58.1 9.5 31.6 51.7 87.8 68.7 549  48.7 50.2
Cariniana estrellensis 0.0 0.0 0.0 1.3 2.7 2.0 0.0 0.0 0.0 2.7 5.7 4.2 1.4 2.9 2.1
Casearia sylvestris 9.2 0.0 4.8 8.0 25 513 -18.4 0.0 -9.6 -29 9554 220.1 -10.6  477.7 105.2
Cecropia pachystachia 0.0 50.0 50.0 0.0 50.0 50.0 - - - - - - - - -
Cedrela fissilis 0.0 0.0 0.0 12.0 3.1 7.8 0.0 0.0 0.0 31.7 6.7 18.5 15.8 3.3 9.3
Ceiba speciosa 0.0 0.0 0.0 2.5 7.2 5.0 0.0 0.0 0.0 5.4 16.9 11.0 2.7 8.5 5.5
Celtis iguanae 0.0 0.0 0.0 1.2 0.0 0.6 0.0 0.0 0.0 2.4 0.0 1.2 1.2 0.0 0.6
Coccoloba mollis 9.2 0.0 4.8 12.9 25 8.0 -18.4 0.0 -9.6 -25.7 -0.8 -14.2 -22.0 -04 -11.9
Coussarea hydrangeaefolia 18.3 3.2 111 18.9 4.5 12.5 3.8 6.9 5.3 15 5.7 3.6 2.6 6.3 4.4
Coutarea hexandra 5.3 5.3 6.9 6.3 4.6 6.5 11.8 -10.6 0.0 12.8 -3.3 4.5 12.3 -6.9 2.2
Cupania vernalis 0.0 146 8.0 0.9 3.9 2.4 0.0 414 18.9 1.8 6.8 4.3 0.9 24.1 11.6
Dilodendron bipinatum 50.0 0.0 50.0 50.0 0.0 50.0 -100.0 - -100.0 -100.0 - -100.0 -100.0 - -100.0
Dipterix alata 0.0 0.0 0.0 3.0 3.6 3.3 0.0 0.0 0.0 6.3 7.7 7.0 3.1 3.9 35
Erioteca condolleana 0.0 0.0 0.0 1.3 11 1.2 0.0 0.0 0.0 2.1 2.2 2.1 1.0 11 11
Erythroxylum dahpnites 10.4 7.4 9.6 19.1 9.5 155 -6.5 0.0 -3.3 -11.3 8.4 -2.0 -8.9 4.2 -2.6
Eugenia florida 42.3 0.0 245 395 2.6 23.4 58.1 0.0 25.7 36.1 5.6 19.9 47.1 2.8 22.8
Eugenia ligustrina 0.0 311 193 1.8 169 10.0 0.0 1646 627 3.6 51.0 25.1 1.8 107.8 439
Faramea cyanea 0.0 0.0 0.0 4.8 1.6 3.2 0.0 0.0 0.0 10.7 3.2 6.9 5.4 1.6 35
Ficus cf. enormis 100.0 0.0 100.0 100.0 4.1 100.0 0.0 0.0 0.0 -74.0 8.8 -46.8 -37.0 44 -234
Garcinia gardneriana 0.0 0.0 0.0 5.3 2.8 4.1 0.0 0.0 0.0 -10.5 5.9 2.7 -5.3 2.9 -1.3

Guapira areolata 0.0 0.0 0.0 0.0 0.8 0.4 0.0 0.0 0.0 0.0 -1.5 -0.8 0.0 -0.8 -0.4



Guazulma ulmifolia
Guettarda verbenoides
Heteropterix birsonimifolia
Hirtella gracilipes
Hymenaea courbaril
Inga laurina

Ixora warmingii
Jacaranda caroba
Luehea divaricata
Machaerium acutifolium
Machaerium brasiliensis
Machaerium hirtum
Machaerium nyctitans
Machaerium stiptatum
Machaerium villosum
Maclura tinctoria
Maprounea guianensis
Margaritaria nobilis
Matayba guianensis
Maytenus floribunda
Metrodorea pubecens
Myracrodruon urundeuva
Myrcia splendens
Myrcia tomentosa
Ocotea corymbosa
Piptadenia gonacantha
Platipodium elegans
Pouteria gardnerii
Pouteria torta

Psidium rufum

Qualea dicotoma
Qualea jundiahy
Rhamnidium elaeocarpum
Rudgea virbunoides
Schefflera morototonii

0.0
0.0
50.0
0.0
0.0
0.0
2.6
0.0
0.0
0.0
100.0
50.0
0.0
0.0
12.0
0.0
0.0
14.6
6.7
0.0
2.9
0.0
0.0
0.0
0.0
0.0
0.0
50.0
0.0
50.0
0.0
12.9
0.0
0.0
9.2

0.0
0.0
53
50.0
0.0
6.7
0.0
0.0
3.7
0.0
0.0
0.0
0.0
0.0
59
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.7
3.7
0.0
34.2
0.0
53
9.2
0.0
0.0
5.9
0.0
0.0
4.8

0.0
0.0
50.0
50.0
0.0
3.5
1.3
0.0
1.9
0.0
100.0
50.0
0.0
0.0
9.8
0.0
0.0
8.0
3.5
0.0
15
0.0
1.9
1.9
0.0
21.9
0.0
50.0
4.8
50.0
0.0
9.6
0.0
0.0
7.0

0.0
6.3
50.0
0.0
2.4
2.2
7.0
19.2
7.2
1.9
100.0
50.0
15.7
5.4
12.6
5.6
20.0
11.6
11.3
3.1
5.0
4.4
1.9
4.0
3.7
9.0
3.2
50.0
2.5
50.0
0.0
29.6
3.8
6.6
3.1

0.0
0.0
213
50.0
2.2
3.3
3.2
18.8
3.9
1.8
2.9
29
2.6
0.0
4.7
5.0
3.7
0.0
5.7
0.0
0.9
3.3
8.8
2.7
14
31.6
3.0
6.9
9.7
2.8
0.0
4.0
13
0.9
3.8

0.0
3.2
50.0
50.0
2.3
2.8
5.2
100.0
6.6
18
100.0
50.0
9.7
2.8
9.1
53
12.7
6.2
8.5
1.6
3.0
3.9
59
3.3
2.6
22.5
3.1
50.0
6.3
50.0
0.0
18.3
2.6
3.9
3.5

0.0
0.0

0.0
0.0
-5.1
0.0
0.0
0.0
0.0

0.0
0.0
-13.4
0.0
0.0
41.4
-13.4
0.0
-5.7
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
-11.8
0.0
0.0
22.5

0.0
0.0
-10.6

0.0
155
0.0
0.0
-7.4
0.0
0.0
0.0
0.0
0.0
-11.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-7.4
8.0
0.0
216.2
0.0
11.8
22.5
0.0
0.0
134
0.0
0.0
10.6

0.0
0.0

0.0
7.5
-2.6
0.0
-3.8
0.0
0.0

0.0
0.0
-12.6
0.0
0.0
18.9
-6.9
0.0
-2.9
0.0
-3.8
3.9
0.0
77.8
0.0

10.7

0.0
0.0
0.0
0.0
16.4

0.0
14.3

4.4
4.6
-2.2
62.5
15.9
3.8
-23.8

45.9
12.1
-18.1
125
66.7
30.3
7.2
6.7
-2.8
9.6
3.0
8.6
8.0
22.0
6.9

5.2

4.0
-31.8
8.3
9.1
6.6

0.0
0.0
-36.5

4.6
7.2
6.9
-37.5
-2.2
3.7
6.3
6.1
5.6
0.0
-1.7
111
8.0
0.0
12.7
0.0
1.7
7.2
-7.6
5.7
3.0
171.7
6.2
14.4
24.2
59
0.0
8.6
2.6
1.9
8.3

0.0 0.0
6.9 7.1
4.5 2.2
5.9 2.3
2.3 -3.7
0.8 31.3
6.4 7.9
3.8 1.9
-10.0 -11.9
24.1 23.0
59 6.1
-10.3 -15.8
11.8 6.3
34.2 33.3
14.2 35.9
9.9 -3.1
3.3 3.3
-0.6 -4.3
8.4 4.8
-2.4 15
7.1 4.3
5.4 4.0
82.0 11.0
6.6 3.5
14.3 2.6
2.0 2.0
-14.0 -21.8
5.4 4.2
-3.8 -4.6
7.4 14.6

0.0
0.0
-23.5

2.3
11.3
3.5
-18.8
-4.8
1.9
3.1
3.0
2.8
0.0
-6.8
5.6
4.0
0.0
6.4
0.0
0.8
3.6
-7.5
6.9
15
194.0
3.1
13.1
23.3
2.9
0.0
11.0
13
1.0
9.4
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0.0
3.5

2.3
6.7
-0.2
0.4
13
1.9
-5.0

12.1
2.9
-11.5
5.9
17.1
16.5
15
1.6
-1.7
4.2
-3.1
5.5
2.7
79.9
3.3
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1.0
-7.0
2.7
-1.9
11.9



Simira viridifolia

Sorocea bonplandii
Sweetia fruticosa
Handroanthus impetiginosus
Handroanthus serratifolius
Terminalia phaeocarpa
Trichilia catigua

Trichilia pallida

Vatairea macrocarpa
Virola sebifera

Xylopia aromatica

25.0
0.0
5.3
0.0
3.7

50.0
0.0
5.3
0.0
0.0

14.6

0.0
0.0
0.0
14.6
3.7
9.2
0.0
53
0.0
4.4
0.0

14.6
0.0
2.7
8.0
3.8

50.0
0.0
6.9
0.0
2.2
8.0

39.4
14.9
2.4
3.0
8.5
50.0
1.6
4.7
4.0
3.5
13.9

2.9
1.0
11
0.3
3.4
13.1
0.0
6.9
4.1
1.2
18.7

23.6
8.5
18
1.7
6.0

50.0
0.8
7.1
4.1
2.4

16.4

-50.0
0.0
11.8
0.0
-7.4

0.0
11.8
0.0
0.0
41.4

0.0
0.0
0.0
41.4
8.0
22.5
0.0
-10.6
0.0
9.5
0.0

-29.3
0.0
5.7

18.9
0.0

0.0
0.0
0.0
4.7
18.9

-26.0
42.4
5.1
6.4
-2.6

3.3
10.3
8.7
7.6
38.3

6.1
21
1.2
0.6
7.2
35.3
0.0
-7.0
9.0
2.5
59.9

-11.4
20.6
3.2
3.5
2.2

1.7
13
8.9
5.0
48.7

-38.0
21.2
8.5
3.2
-5.0

1.7
11.0
4.3
3.8
39.9

3.0
11
0.6
21.0
7.6
28.9
0.0
-8.8
4.5
6.0
29.9
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-20.4
10.3
4.4
11.2
11

0.8
0.6
4.4
4.8
33.8
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CHAPTER 5

Dynamic species groups due dam impacts on
forests: a contrast between seasonal

environments
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Resumo: Grupos de resposta dindmica de espécies idevaos impactos de reservatérios nas
florestas: um contraste entre ambientes sazonais

As plantas respondem a disturbios de forma diféaeac algumas aceleram o crescimento, outras
cessam ou mesmo morrem, causando consequénciasossiseema. Por exemplo, as plantas
respondem a disponibilidade hidrica no ambiente,dierentes graus de tolerancia ao excesso de
agua em ambientes sazonais. O aumento da dispdadEl de agua em florestas antes
condicionadas a periodos de estiagem deve proparciliferentes respostas das espécies arboéreas,
sobretudo desfavorecendo aquelas mais especiajisia@s ambientes secos e favorecendo as
generalistas a saturacdo hidrica. NOs avaliamosegsostas de espécies arbdreas de florestas
sazonais, semidecidual e decidual, sob influénaa atmento da umidade do solo apos
represamento artificial de um rio, com a hipétese gs florestas deciduais devem possuir mais
grupos de resposta, sobretudo com resposta negativaer um ambiente sob maior déficit hidrico
durante a estagcdo seca, e possuir mais espéciesiatispas desta condigcdo. Buscamos detectar
grupos de resposta consistentes, utilizando as @ealinamica das espécies arboreas proximas a
beira de um lago artificial gerado por uma barrageara isso nos utilizamos as parcelas proximo a
beira de represa (0-30m) para aferir o impactoadupelo aumento de umidade nos dois primeiros
anos apos o represamento e como controle, utilizgmaccelas distantes da margem do lago (30-
60m) no periodo de dois a quatro anos apés o eepedo, periodo em que poucas mudancas
foram notadas. Para a formacdo dos grupos utiligamdistancia euclidiana entre as taxas de
dindmica das espécies, e como método de agrupanemuetodo de Ward. As andlises
demonstraram a formacao de poucos grupos no cergrde varios grupos apoés o impacto, para
ambas as florestas, demonstrando que as alteracéelas devido ao represamento foram fortes.
Houve a formacéo de mais grupos de resposta nastths deciduais em relacdo a semidecidual. Os
grupos de resposta negativa na floresta decidueseptaram mais espécies, muitas especialistas de
florestas secas. No entanto, enquanto este faupogrom maior densidade na floresta decidual, o
mesmo teve baixa representatividade na florestadsemdual, onde um grupo mais estavel foi
predominante, indicando maior resisténcia destadta aos impactos causados pela represa. Para
ambas as florestas existem grupos positivamentadai®, demonstrando capacidade de resiliéncia a
este distUrbio; porém, esta capacidade foi maidtonesta decidual, por possuir grupos com taxas
altas de recrutamento e incremento. Por outro ladmresta semidecidual formou menos grupos,
sendo mais resistente, ecologicamente, as mudgroasyelmente por se tratar de uma fisionomia
caracterizada por solo sem forte déficit hidricaesicao seca.

Palavras chave: floresta decidual, floresta semidetual, grupos de resposta, reservatorio
Kew words: deciduous forest, semideciduous foresgsponse groups, reservoir
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Introduction

Plants respond to disturbances, some acceleratgthgrothers die or stop growing. These
responses to external factors as light and soikta led scientists to classify species in plants
response groups. For example, some species ort @aresonments are classified according light
demanding as pioneers or shade-tolerant (Denslaal 4990; Pearcy 1999; Swaine & Whitmore
1988); other classification use establishment urdigerent hidric resources, with tolerant and
intolerant species to drought, and those tolerarhigh water saturation (Kozlowski & Pallardy
2002). These response groups formation facilitfiesunderstanding of a particular impact on a
community, because interpret few groups is eakgt inderstand about a wide range of species.

Recently, the use of annual dynamic rates, that¢ tako account annual growth rate
(increment), establishment of new recruits and alityt (linked with loss in basal area, the
outgrowths rates) had been considered efficierspeties response groups’ formation (Chazdon et
al. 2010; Gourlet-Fleury et al. 2005; Chapter Z2)eSe dynamic rates are based on monitoring of
permanent plots distributed around the world (Coetal. 1999; Lewis et al. 2004; Phillips et al.
2004), and those studies have helped to evalusgstfoommunities beneath different disturbances,

natural or anthropogenic.

Among many studies based disturbances on fordsisgetwith direct relation to human
impacts are very important because serious chaagelndscape due human intervention are
known such as species lost (Brooks et al. 2002) sawéral structural changes (Foster 1992).
Understanding these changes could help us to betiegate human impacts and even use
knowledge in restoration projects. Among most sevibuman impacts, two are closely related with
water avaiability, the most valuable abiotic reseuto life organisms: 1) climate change and 2)
modification of hydrological regime of watershedsough dams. Climate change is related to
increased of carbon dioxide concentration in atrhesp (Smith et al. 2000; Weltzin et al. 2003).
Such changes increase in global temperature andneehrain frequency in some areas and
prolonged drought to others (Walther et al. 200&ffecting entire communities. Shifts in
precipitation have an greater influence on ecogsysignamics, however the impacts of climate
change on rainfall are a slow and gradual proc@sstzin et al. 2003), which makes difficult to
evaluate its consequences on forests (the largddens of biomass on Earth's surface - (Dixon
1994).

Otherwise, damming of rivers changes the entireesgaed and form huge artificial lakes,

which cause drastic and quickly increase in sotewavailability (Chapter 3). This water enhances
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leads to rapid trees responses (Chapter 4). Thesetforest affected by dams are an excellent

object of study to evaluate increase of water abdity consequences to ecosystem.

Although result in several changes to the lands¢biilsson & Berggren 2000), dams are
distributed worldwide, mainly on high diversity ies (Nilsson et al. 2005), notwithstanding few
works address changes for tree species changegXseptions at Dynesius et al. 2004; Xu et al.
2009), and studies dealing with response groupa@reexistent. Many of these dams are located in
sloped or mountainous terrain (Truffer et al. 20@@)ich were far away from any water sources
before damming (Chapter 3). Therefore, such lara® lin common a high slope and low water
availability in the dry season. In this scenaritenfoccur forests and, in South America, these
patches are associated to Dry Forests.

Previous studies shows rise in basal area afteourmgment (Chapter 3), but species had
different answers to soil moisture increase (ChragteAs the number of trees per hectare remained
constant, we hypothesized that species specidliftese environments (high tolerance to water
deficit on dry seasons) were the most negativegcedd by dam, which is offset by increase of
individuals from generalist species. Spatial andperal availability of water has ecological and
evolutionary implications (Schwinning & Ehlering2®01); then, increase on water availability will

probably complicate drought specialist speciesbiistanent.

These dry forests can be subdivided in two typakeda deciduous and semideciduous forest
(Oliveira-Filho & Ratter 2002). Both are seasormlt in first one drought is more severe due soil
being shallower and retain the least amount of miat¢he dry. Thereby, we hypothesized that in
deciduous forest will have more response groupsause the soil moisture increase was more
drastic and change the entire systems water refatiNevertheless, semideciduous forests are a
milder environment with species less associatedrtmght avoidance or tolerance, and then is

expect less severe responses less species groups.

Material and Methods

Study Area - This study was conducted in three dry forest°’4I840"S, 48°08'57"W,
18°40'31” S, 42°24’30” W and 18°39'13” S, 48°264 W, Figure 5.1) located in the Amador
Aguiar Complex Dam (two dams located in AraguaweRiwith 52m and 55m depth). The first
dam (Amador Aguiar Dam I, from here AD1) finishddadding in 2005 and is at 624 meters of
elevation (relative to sea level), with a floodedaawith 18.66krh(CCBE 2007). The second dam
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(Amador Aguiar Dam II, from here AD2) ended floogim 2006 and at 565 meters of elevation
(relative to sea level), with a flooded area wihld knf (CCBE 20086).

>z

Triangulo Mineiro

O
o*@® Studied areas

2550 100 200 gm
— —

Figure 5.1 L ocation of three Dry Forest affected by Amador rguComplex Dam, in Triangulo
Mineiro, southern Brazil. Before dam constructibaede forests were distant from water sources
and now are on the artificial lake margin.

After damming, three seasonal dry forests (two dlemis and one semideciduous forest),
before distant at least 200 m (see Figure 5.2/ pesentation) from any water source, now has the
riverbed on its edge since 2005 (AD1)/2006 (AD2anining increased the amount of water in
soil, mainly on dry season (Chapter 3) and sevemahcts on species in first two years were severe
(Chapter 3 and Chapter 4), mainly in the firsttthimeters of proximity to the shore. Then, we
chose to evaluate in more detail the changes anguir forest patches closer to the artificial lake
created by dam (plots within 30m away from rived-30m, Figure 5.2A) and contrast to patches
distant to the shore (plots 30 m to 60 m distanth# shore — 30-60m, Figure 5.2B) were dam

effects were lower.
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“Control groups” (T2-T4 period)

Dynamic groups due damming (TO-T2 period
Far to the artificial lake y group g ( period)

Near to the artificial lake

Altitude

Altitude

Figure 5.2— “A” - Representation plots used to dynamic groupsegaion. Control sites were
distant to dam effects, the T2-T4 was chosen byesgmt a normal deciduous forest without dam
influence. considered and water proximity to Doydst after dam construction. “B” - Plots scheme
used to arboreal community samples in three Drgs$ter

Previous works (Chapter 3 and Chapter 4) showeéd@ammunity modifications to these
plots located far to river shore in the period aftes first two years of damming (T2-T4) and we
decided to use these plots as a control to dammindifications. We also grouped the two
deciduous forests to analysis because their respdisincreased soil moisture were very similar
(Chapter 3). Thus, we evaluated dam impacts inddecis and semideciduous forests using trees
sampling carried out in three measurement times TBQ T4) on these forests and species annual
dynamic rates (mortality, recruitment, outgrowttdangrowth rates — more details on Chapter 4)
from each species. Climate in all forests is of foppen 1948), with a dry winter and rainy
summer with an average annual temperature of 28t8Cagerage rainfall around 1595 mm (Santos
& Assuncéo 2006).

Dynamics groups- To verify how the water increase near to fo(6sB0Om) affected species
in first two years of damming (TO-T2), we performadtluster analysis, using simple Euclidean
distance and Ward method as clustering techniqudeaduous and semideciduous forests apart.
We tried to detect statistically consistent “spsaignamics groups” which suffered similar effects
after damming. For this analysis we used mortal@gruitment, outgrowth and ingrowth species
rates with at least 10 trees sampled. The same@doty was done in plots distant to the artificial
lake (30-60m, Figure 5.2B) in T2-T4 period, to donfthe dynamic groups found near to shore
occurred due damming impact (some species withtfeas sampled, four or less, were removed

due high interference on dynamic analysis).
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To verify groups formation efficiency we performdacriminant analysis. The purpose of
this analysis was to test significant differencessgen groups (in this case, those groups resultant
from cluster) and determines discriminant functidhat allow reclassifying species wrongly
classified. So, this technique estimates probabdit correct classification and reclassifies some
species making more consistent groups (Gotelliedhsion 2010).

We still calculated all dynamics rates (mortalityecruitment, ingrowth, outgrowth,
individuals turnover, basal area turnover, indi@ldunet change, basal area net change and overall
net change) to each “species dynamics group” toctimtrol groups and to dam affected groups.
The same procedure was done to dam affected gmufa-T4 period to verify if dam impacts in
each group were similar in these periods.

Results
Groups in deciduous forest

Dynamics groups distant to dam effects (control} The cluster formed basically two groups
(Figure 5.3A), a low turnover (19 species) and Higimover (five species) group. The second one
could be divided in a stable (four species) ancegative group, with just one species at 40 of
Euclidian distance. The discriminant analysis aoméid cluster efficiency (Table 5.1) and not
reorganized any species, confirming coherence ooupgrformation in cluster technique
(F416=15.56, p<0.001). However, only recruitment andramgh were significant to groups
formation (Table 5.1Aloysia virgatawere not included because groups with one speeiesot be
included in discriminant analysis). The first reads significant (Table 5.2) with correlation of 87%

to groups formation.

Dynamics groups near to the dam(first two years after damming) — The cluster formed
basically two groups too, with low turnover (19 sigs) and with high turnover (nine species -
Figure 5.3B), with distinct answers to dam impa&seth groups could be divided in other two
groups, based on each group dynamic rates, folgpwame procedure used on control analysis.
Thus, were evidenced a positive (11 species), ativeg(eight species), a very positive (six spgcies
and a unstable group (three species). Discrimiaaatysis confirmed cluster efficiency and not
reorganized any species (Figure 5.4A), confirmirahezence on group formation in cluster
technique (ks511.16, p<0.001). However, mortality rates were msanificant to groups

formations (Table 5.1). The two first roots wergmsiicant, with eingenvalue of 5.73 and 2.19
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(Table 5.2, p<0.001), with correlation of 92% arg¥@8to groups formation (see canonical values —
Table 5.2).

Groups in semideciduous forest

Groups distant to dam effects (control) -Cluster formed two groups (one with 12 and othehwi
four species) but with small distinct rates betwdmth (Figure 5.3C). Discriminant analysis
confirmed existence of two groups,@=12,39, p<0.001), but the only variable that sejeara
groups were recruitment (Table 5.3). However, dififces on the dynamic rates to these groups
were very low, furthermore following same procedadepted on deciduous forest, no groups were
found at 40 of Euclidian distance, thus we consigléstence of only one stable group (Figure
5.3C).
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Figure 5.3- Cluster analysis using Euclidian distance and waethod. Groups were formed based in annual dyneaies (mortality, recruitment,
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groups, C = semideciduous forest control dynamaeigs, D = semideciduous forest dynamic groups.
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Groups near to dam (first two years after damming)- Cluster formed only three groups (Figure
5.4D), with distinct answers to dam impacts. Basadeach group dynamic rates, we evidenced
three groups: a stable (nine species), a negafiZespecies) and an unstable (two species).
Discriminant analysis confirmed cluster efficierayd not reorganized any species (Figure 5.4B),
confirming coherence on group formation in clugeshnique (E3/~20.55, p<0.001). Unlike the
deciduous forest, only ingrowth rates were notificant to groups formations (Table 3). The two
first roots were significant with eingenvalue ol8.and 2.72 (Table 5.4, p<0.001). Then, first two
functions were high correlated to groups format{@d% and 85% of correlation, see canonical
values -Table 5.4).

Table 5.1 - Discriminant function analysis summiryour groups in deciduous forests in southern
Brazil. In bold, p < 0.05, and in italic p < 0.10

Wilks' Partial F-remove p-level
Control
Mortality 0.234 0.997 0.05 0.816
Recruitment 0.600 0.391 29.63 0.001
OutGrowth 0.236 0.992 0.15 0.412
Ingrowth 0.254 0.922 1.61 0.010
Dam Affected
Mortality 0.041 0.947 0.38 0.764
Recruitment 0.122 0.321 14.76 0.001
OutGrowth 0.076 0.519 6.48 0.002
Ingrowth 0.054 0.731 2.57 0.087

Table 5.2- Discriminant function analysis summary to twoftfidgscriminant roots in thre dry
forests in southeasternBrazil. In bold, p < 0.05.

Eigen-value Canonical R Wilks' Chi-Sqr.  df p-level

Control

Function 1 3.277 0.87 0.23 29.06 4 0.001
Dam Affected

Function 1 5.73 0.92 0.04 74.43 12 0.001
Function 2 2.19 0.83 0.26 30.59 6 0.001

Table 5.3- Discriminant Function Analysis Summary to four gps in semideciduous forests in
southern Brazil. . In bold, p < 0.05.

Wilks' Partial F-remove p-level
Control
Mortality 0.183 0.990 0.112 0.744
Recruitment 0.462 0.393 17.001 0.002
OutGrowth 0.201 0.902 1.198 0.297
Ingrowth 0.208 0.874 1.590 0.233
Dam Affected
Mortality 0.042 0.693 3.761 0.044
Recruitment 0.091 0.668 4,218 0.032
OutGrowth 0.043 0.320 18.029 0.001

Ingrowth 0.032 0.899 0.954 0.404
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Table 5.4 Discriminant function analysis summary to twotfidéscriminant roots in a
semideciduous forest in southern Brazil. In bole, @.05.
Eigen-value Canonical  Wilks' Chi-Sqgr. df p-level

Control
Function 1 4,508 0.90 0.181 2047 4 0.001
Dam Affected
Function 1 8.14 0.94 0.029 65.26 8 0.001
Function 2 2.72 0.85 0.268 2433 3 0.001
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Figure 5.4- Discriminant analysis based in species annual dimaates (mortality, recruitment,
outgrowth and ingrowth) affected by dam in dry f&igein southern Brazil. A = deciduous dynamic
groups, red square = negative group, blue circlg®sitive group, green triangle = very positive
group and black diamond = unstable groBp= semideciduous dynamic groups, red square =
negative group, blue circles = stable group andkothamond = unstable group.

Dynamic groups in deciduous forest

Low dynamic x high dynamic groups -Analysis showed division between a low turnover
and a high turnover groups in both control and @ddi®cted sites (Figure 5.3A,B). The difference
was number of species in each group. High turngveups presented four more species in sites
near to dam compared to control. Then, water agpradéter damming accelerated the dynamic to
this set of species. The dynamic rates to highotten groups reach values exceeding 10% {ear
mainly to basal area, but dam affected sites theamyc rates to individuals were very high too

(Table 5.5). Moreover on sites close to dam, dycaates were much larger than control sites.
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Groups with high turnover presented high incremeamd recruitment rates; however, the
very positive group had low mortality and outgrowdtes (Table 5.5). Then, water line approach
did not impaired trees of this group. Otherwiseg thnstable group had a high mortality,
compensated by a very high recruitment (Table .Bis group was distinct than the high turnover
stable group, found on control analysis, becausieowt dam influence, net change to stable group

was close to zero, and with dam influence, net ghaxceed 15% year

The low turnover group without dam influence walittée distinct than same group direct
affected by dam. Without dam direct influence, thisup presented very low rates and can be
considered very stable; however, after dam consbructhere were clear separation between a
group with high recruitment and other with high matity (Positive and Negative group
respectively, Table 5.5, Figure 5.3B). Nevertheléksse rates are still lower compared to high

turnover groups.

Control x dam affected sites -One group was considered negatively affected im lamialysis;
however, to control site, only one species compdaisisdgroup against eight species in dam affected
sites. The low turnover stable group and high tuencstable groups (Figure 5.3A), change a lot
with dam influence. With high dynamic rates, spedleat were previously stable presented positive
responses to dam and formed other three groupk {hrgover very positive and unstable groups,
both with high recruitment rates and positive, dinel low turnover positive group - Table 5.5).

Then, dam impacted entire community, even the rataigle groups.

The net change summarizes impacts of dam (Tab)e Grie group was negatively affected
(negative) and lost many trees and the other tfwe®y positive, positive and unstable) increasing
their importance in community due positive net saf€able 5.5). Despite of individuals changes,
ingrowths were high to all groups in dam affectéess Then, those trees which survive to impacts
caused by water line approach increase their groatts, therefore all groups presented positive
basal area net change.

Deciduous first two years after dam impacts x nexyears When comparing groups rates at TO-
T2 with T2-T4 period in sites close to the dam,dgthamic rates decreased (Table 5.5). This leads
to lower turnover rates to four groups and demauestr that major dam impacts occurred in first
two years after impoundment. However, tendenciemtaia the same (Figure 5.5 A,B,C): three
groups continue to enhance their importance to conityy with recruitment bigger than mortality
and ingrowth bigger than outgrowth rates (positivery positive and unstable groups) and one

group continues to decrease their importance, mdun very low recruitment rates (Figure 5.5C).
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Dynamic groups in semideciduous forest

Control stable group x dam affected groups The analysis did not showed clear dynamic groups
on semideciduous control (Figure 5.3C), otherwiseed groups were found on sites directly
affected by damming (Figure 5.3D). The single samiduous group on control sites had low
dynamic rates, such as turnover rates and net eh@raple 5.5). One group on sites affected by
damming remained stable, but other two groups aajroup with negative responses to impact
(high mortality and outgrowth rates) and an ungtasbup, with high mortality and outgrowt rates

compensated by high with recruitment and ingrowvates (Table 5.5).

Table 5.5 -Dynamics rates for “dynamic groups” for deciduousl ssemideciduous forests in
southern Brazil. Control refers to forest sites afbected by dam, TO-T2 refers to forest siteshim t
first two years after dam construction and T2-Tiene to the next two years after damming. M =
mortality, R = recruitment, O = outgrowth, | = lmgvth, Ind = individuals, BA = basal area, ONC =
overall net change, * = group with just a species.

Rates Average Turnover Net Changes

Groups M R @) I Ind BA Ind BA ONC

Low turnover 3.89 1.83 270 582 2.86 4.26 -2.10 256 0.23

Deciduous | Negative* 18.35 0.00 26.52 1.05 9.18 13.78 -18.35 -25.74 -22.04

Control Stable 437 437 9.90 10.21 4.37 10.06 0.00 0.76 0.38

Positive 2.16 7.68 1.38 11.82 492 6.06 5.97 11.89 8.90

Deciduous | Negative 7.15 2.97 4.65 8.13 5.06 6.39 -4.31 3.67 -0.32

TO-T2 Very Positive 3.6012.29 3.93 18.60 7.95 11.26 9.92 18.00 13.96

Unstable 9.4223.02 15.49 26.50 16.22 21.00 17.67 14.97 16.32

Positive 2.17 442 1.44 12.14 3.29 6.81 235 12.03 7.19

Deciduous | Negative 3.84 0.84 292 4.76 2.34 3.75 -3.08 3.80 -0.58

T2-T4 Very Positive 3.28 6.53 4.19 11.94 491 7.82  3.48 1094 6.14

Unstable 5.72 8.23 10.35 14.01 6.98 11.75 2.74 7.318 3.50

Semideciduous

Control Stable 159 297 1.71 3.99 2.28 2.85 142 244 193

_— Stable 4.08 3.78 2.56 6.29 3.93 4.42 -0.31 396 1.83
Semideciduous i

TO-T2 Negative 7.68 3.55 11.99 6.47 5.62 9.23 -4.15 -5.91 -5.03

Unstable 26.1530.72 21.15 23.06 28.43 22.11 6.60 249 454

o Stable 0.72 3.57 0.66 4.49 2.14 257 295 401 348
Semideciduous .

T2-T4 Negative 258 2.31 345 7.61 2.45 553 -0.13 244 1.15

Unstable 2.0214.72 3.26 9.46 8.37 6.36 14.89 6.85 10.87
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Semideciduous control site had low rates and sdente stable. Then, the formation of
three dynamic groups (two of them with rates siguetian 10% yed)) illustrated dam influence on
community (Table 5.5). Even species on “unstablaugt without dam influence presented low
changesQiparuna guianensiandCousarea hydrangeaefolitow density species in control sites),
had only one recruits and no dead trees. Themitterates to these species confirm existence of

this group, due dam effects.

The net change summarizes the impacts of dam (T&able One group was negatively
affected (negative) and lost many trees and othecs (stable and unstable) increasing their
importance in community (Figure 5.5). Despite adiuduals changes, ingrowth were high to all
groups in dam affected sites. Those trees whichivgito impacts caused by water line approach
increase their growth rates, nevertheless basallast by negative group was not compensated by
the ingrowth rates. Then, only this group lost basaa in dam affected sites, considering both

forests.

First two years after dam impacts x next years When comparing groups rates at TO-T2 with T2-
T4 period in sites close to the dam, practicallydginamic rates decreased (Table 5.5) just as
deciduous forest. This leads to lower turnovergdtethree groups and demonstrated that major
dam impacts occurred in first two years after immbuent. However, all groups becomes less
negatively affected in T2-T4 period and showed lowertality and outgrowth rates than TO-T2.
Thus, the negative group becomes stable, andabkesind unstable groups becomes more positive
net changes. Nevertheless, only unstable group neehaonsistently their importance on
community (Figure 5.5F) increasing number of indials (Figure 5.5D) and basal area (Figure
5.5E).

Deciduous x semideciduous: dynamics groups, generdpects and contrasts

Comparison between deciduous and semideciduoustfoshowed formation of more
dynamic species groups in deciduous than semidegsdforest, although both forest had some
similar (not equal) groups. Unstable group occurmedboth forest due damming influence;
however, to deciduous forest the larger net chamges found in TO-T2 period due very high
recruitment and ingrowth rates, and to semideciddorest the larger net change were found in T2-

T4 period due lower mortality and outgrowth rates.

Both forests had a negative group too. Howeverderiduous owned net changes close to

zero in both periods of measurement, meanwhileemideciduous only in first two years of
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impoundment and their rates stabilized in T2-T4asueement (close to zero too). Both forests
were very distinct in positive responses. While idiesus forest presented two groups clearly
positive affected in first two years after dammitige semideciduous forest did not had a clear

positive group and could considered less positifected by damming.
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Figure 5.5 - Number of individuals, basal area aoder value to dynamic functional groups

directly affected by dam in Deciduous Forest (A,B,and in Semideciduous Forest (D, E, F) in
southern Brazil. A, B and C = deciduous dynamiag@gs) red square = negative group, blue circles
= positive group, green triangle = very positiveupy and black diamond = unstable group. D, E
and F = semideciduous dynamic groups, red squaregative group, blue circles = stable group
and black diamond = unstable group.

Discussion

Negative group

Two dynamic groups found in semideciduous due dapacts forest occur in deciduous
forest too (negative and unstable groups). Unlié&r&€ community, which maintains the number of

trees constant (Chapter 3), many species had megai change in first two years after dam. Low
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recruitment rates infer problems of group mainteearat new conditions. Mortality was
concentrated in “young trees” (Chapter 4); thennynaf probable “new recruits” must had died.
Early life stages are likely to be sensitive andhetable to extreme water available conditions
(Fenner et al. 1985; Leuzinger et al. 2005; Stefaal. 2007), and even more to an environment
wont to have an intense dry period. This tendenayg veinforced by low recruitment rates on T2-
T4 period to negative group in both physiognomedrémely low on deciduous forest and much

smaller than community recruitment rates in semdiexus forest).

In several surveys to these sites we diagnosticadleral mortality of young trees and
saplings ofMyracrodruon urundeuvgGusson et al. 2011) arf@uazuma ulmifoliatwo important
species in this group to deciduous forest. Bedidese species, other species considered specialist
of dry forests and well distributed in those enmireents (Linares-Palomino et al. 2011) had high
mortality rates:Acacia polyphylla Celtis iguanae Tabebuia roseoalband Aloysia virgata(first

two in unstable group and the last in negative gyou

Water deficit is an ecological filter which favgptants adapted to low water saturation and
species specialists of these environments tendetding their importance after dam impacts.
Growth an survivor are associated to water condeetaand even few changes in soil moisture
could had a negative consequence to plant growehribots anoxia (Nilsson et al. 1997; White
2007), mainly to young trees. Based in this grasgpcould infer in several changes to lower layers
of the community for many years. Indeed the reoraiit in T2-T4 period were zero two these
species and both could be extinct on sites near.riv

Consequences to future of these forests are unknbutnwe believe in a reduction on
importance of species of this group over the ydaven in semideciduous forest (which this group
maintain their number of trees equivalent) recreittnwere lower than other groups, suggesting a
reduction in density relative importance. Other kgorfor example, showed damming impacts on
small trees and saplings (Xu et al. 2009) and nmaswy species were found in four years after

impoundment (Chapter 4), then major species chandlestill occur.
Unstable Group

The presence of negatively affected groups was tedobganced by recruitment of new
species (Chapter 4), high recruitment rates of sitipe and a very positive group in deciduous
forest and an unstable group in both forests. &, finis unstable group presents low abundant

species that limit major conclusion. However, thesre clear tendencies of density rise due rapid
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decrease on mortality rates after first two years@mideciduous forest, and we conclude that these

species will enhance their importance on communitie next years.

In deciduous forest, however, this group is stainij with mortality rates near to
recruitment ones. Despite of this stabilizationngnather changes should occur in next years and
this “unstable group” should be monitored and neitglied to verify their raise in importance to
community. Contrary to low dense unstable groulps,“positive” and the “very positive” groups
contributes a lot with new recruits and their hrgleruitment leads to several changes to future of

deciduous community due these high rates.
Positive Group

We could argue that positive groups (positive amulyvpositive) and unstable group
represents forest a kind of an “asleep resilienB&silience is the community capacity of recover
after a disturbance (Walker 1992), but this concgepdo wide. We showed that entire community
can response positively to a determinate distudalmat few species can answer very positively to
the perturbation. If perturbation event not occ{asd here disturbance was anthropogenic) these
groups no need to use this resilience capacityn,Tive consider that this group is “asleep” to this
kind of perturbation. However, if disturbance os;uesilience of group “wake up” and start their
positive response to perturbation. This phenotypiasticity could change the community

characteristic after a disturbance and buffer ffexts of soil changes (Burgess et al. 1998).

Phenotypic diversity increases the probabilityoo€urred species that are more positively
affected by the perturbation (Loreau 2000). In @ase, very positively affected group was
composed by only six species (only one is spetiadis dry forests in deciduous forest
Anadenanthera collubringLinares-Palomino et al. 2011), but five are eveeg and not specialist
of dry environmentsAllophyllus racemosysCasearia sylvestrisSCasearia gossypiospermmga
sessilisand Cecropia pachystachjaand many new species sampled after four yeadaofming
were evergreen too. Then, this trait is being sete@after disturbances, two of them are water
associated species 6essilisandC. pachystachia C. pachystachigresented only four trees in
first sample and 16 four years after damming.

These changes can be no perceptible just few ydtas disturbance due long lived trees
persistence on environment and because some distteh(like damming approach) change the
environment, but not destroy the community “climédiké hurricanes. Hurricanes and deforestation

force the community to return to early sucessi®tages (Burslem et al. 2000; Pascarella et al.
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2004), and rapid increase of basal area has beta mo early succession forests (Denslow &
Guzman 2000; Saldarriaga et al. 1988; Steining@0R0with a linkage with light availability. In
damming, the unstable groups (very positive andalnhes) can lead to an unstable period which can

change the forest “climax”.

This new forest “climax” clearly will present hidiasal area because all groups showed fast
growth. Water limitation and several droughts redyphotosynthetic capacity and plant growth
(Goulden et al. 1996; Reichstein et al. 2002). Ther approach by damming and, consequently,
soil moisture increase (Chapter 3) broke this tiain. Mature moist forests tend to presents a high
basal area (Murphy & Lugo 1986), and we believe thase forest still enhance their basal area

over the years but is difficult to prevent whenlsthbilize.
Stable and positive groups: implications to conseation

This instability clear changes the community. Only semideciduous forests we could
found clearly a stable group in first two yearseaffamming and, however, in control analysis 14
species in deciduous forests and all semidecidspasies were stable. We could conclude that,
despite of changes after damming, there still &stasce to perturbation, exemplified by stable
group persistence on semideciduous forest. Thigical resistance promotes not only taxonomic
maintenance, but maintenance of forest charadterisEven without having a stable group on
deciduous forest, the “positive group” is represdmnnainly by species canopy, deciduous and light
demanding (typical traits of tree deciduous fosnmunity). Then, not only stable groups could
indicate community resistance, but also the in@easmportance of a set of species with typical

traits too.
Considerations and implications for management

Responses on deciduous forest to dam impacts \&egerlthan on semideciduous forest,
both for community level (Chapter 3) and speciegllgdChapter 4). The “dynamic response
groups” analysis confirms this tendency. Not onlgciduous forest had distinct groups of
responses, but these groups showed the unstalibel péier damming. The groups rates frequently
were higher than 10% yéhin deciduous forest, even in T2-T4 period. Meareyhihe rates on
semideciduous were lower than deciduous groups,rat¢h to TO-T4 and to T2-T4 period. Despite
of dry forests been subdivided into seasonal decisand semideciduous forests (Oliveira-Filho &

Ratter 2002) and both be structurally similar, dgffacts showed distinct responses in these forests.
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Distinct forest answers to disturbance implies ighhdistinct management and restoration
projects. The resistance (displacement from itsliegum value following a perturbation, (Loreau
2000) to disturbance on semideciduous forest wgh because this forest are a less stressfull
environments. In the other hand, the major changegciduous forests indicates less resistance to
this disturbance, otherwise great adaptabilittheoriew situation, then high complementarity.

Species groups with distinct answers to an enwuient represent distinct ecological niches
(Walker et al. 1999). This ecological niche to wateailability are different than functional groups
on these areas (Vale et al. 2010), and represeat®test capacity to maintain their attributes for
several years even during a permanent disturbaRoe. example,Piptadenia gonoacantha
Myracrodruon urundeuvand Platypodium eleganpresents some traits in common: are canopy
trees, light demanding, deciduous and anemochgreries. However, these species presents
distinct responses to water soil increase (Seer&i@B). MeanwhileM. urundeuvalost many
individuals, P. gonoacantharecruited many trees an@®. elegansremaining constant on

environment, with high increment. Thereby, thesaratteristics will persist on community.

Complementarity is not sufficient to maintain thapiortance of these traits on forest
community. There are no species with all abovdstran positive group and many species were
present on negative group. Then, the importandbexfe traits on deciduous forest will clearly to
reduce. Otherwise, some zoochoric and perenniaiegpéad highly positive respong&l¢phyllus
racemosus Casearia sylvestrisinga sessilis Cecropia pachystachja We can conclude that
damming changes not only species, but functionaligs too. In few years these changes not lead
to several changes on community, but as damminditton is permanent, these changes will still
occur (rates of recruitment of these species lishigh, superior than 10% ye3drand functions will

change too.

We predict functional groups changes for next yeams the deciduous forests will become
more evergreen and zoochoric, with functional $raitore similar to semideciduous forests. The
impact on deciduous forest clearly affects patairgg 60m of distance to lake shore (see Positive
group on “Control” analysis), favouring evergreepnoeoric species toolrga sessilisand
Allophyllus racemosys Then, damming effects are very invasive and tional changes on
deciduos tend to be more extensive than in sentdeas forest.

More, the most important group in individuals arasdl area on semideciduous forest was
the “stable group”, while in deciduous the most amant group was the “negatively affected”. This

scenario guide for much several future changesemiddous forest for several decades. In natural
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forests, disturbance regime is driven primarily toge-falls (Clark & Clark 1996), and high
community mortality rates open space to new tréesmany cases high mortality rates are
associated with high recruitment rates (Gourlet:fjleet al. 2005), and is expected high turnover to

pioneers species and low rates to non-pioneersi@kehal. 2000).

Nevertheless, many adversely affected species adut®ris forest (negative group) are long
lived non-pioneer important canopy specids. urundeuva T. roseoalba G. ulmifolig). This
imbalance makes sudden soil moisture increase gulaindisturbance to dry forest, by affect
species independently from light demanding. Indeezl conclude that deciduous forests are most

vulnerable to environmental changes.

Stressful environment changes may leads to aref@mulation of communities, and this is
problematic to deciduous forests. These threatéredt physiognomy (Espirito-Santo et al. 2009;
Miles et al. 2006) occurs frequently in mountaiegions, the more effective places to hydropower
production (Truffer et al. 2003). Then, many othdexiduous forest areas should had similar
responses. In this way, analysis based on “dynaesiponse groups” was satisfactory because, in
world scale, the floristic diversity is too highgihington et al. 2009), but the condition of low
water forests on dry season occur largely on Edvibre, this singular impact is not a simple
transitory disturbance which can be healed, buteampnent disturbance whose leads to a
reorganization of these forest. We cannot foretaststabilization of these forests, therefore we
need to monitory this kind of forest by many otlgears to increase the strong of data and provide

more explanations.
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Consideracoes finais

Solo

Confirmando nossas hipoteses as mudancas ocomidaseio ambiente devido a construgdo das
barragens para geracdo de energia hidrelétrica &imaduiar 1 e Amador Aguiar Il foram
notaveis, sobretudo durante os periodos mais s®&@dloresta ciliar houve clara reducdo na
umidade do solo, enquanto que nas florestas estasibouve aumento da umidade, sobretudo na
regido mais proximo da margem e nas estacOes d@eaislo a tal comprovacdo, podemos inferir
gue a paisagem das florestas presentes em treammogazdo de agua reduzida e aquela que passa a
se situar as margens dos reservatorios tende er sofrdificacdes ao longo do tempo, devido a
mudancas fortes no regime hidrico. Para ambientes ciima estacional em especial, estas
variacdes alteram a relacdo solo-planta, pois sgum @&m abundancia, o clima passa a ter papel
mais importante para as florestas ciliares neg&#ses com rio escasso. Ja para florestas secas, a
chegada do rio tem efeito oposto, amenizando aénélia do clima seco, principalmente para as

arvores localizadas as margens da represa.
ModificacGes gerais nas comunidades

As consequéncias da alteracdo na disponibilidadégde no solo tiveram, como hipotetizamos,
reflexo na comunidade arbérea. Em todas as comuigsdaltas taxas de mortalidade e perda em
area basal ocorreram. As parcelas da floresta tdimbém puderam ser compartimentada em trés
setores floristicamente associados: beira do fgiamte do rio e préximo a um corrego. Foram
notados maiores modificagdes justamente na beirdodoom alta mortalidade e recrutamento de
espécies semelhantes ao setor distante do rio. hoffjorestaciliar ndo somente deve suportar
menor area basal como também ser floristica etesttonente menos complexa, indicando reducéo

na heterogeneidade espacial.

Por outro lado, nas florestas estacionais, o eresuio acelerado de muitas arvores de varias
espécies proporcionou um aumento na area basal daracomunidade, enquanto que o
recrutamento contrabalanceou a perda de individum$os apds o represamento. As mudancas
também foram mais severas nas florestas deciduasostparagdo com a floresta semidecidua,
provavelmente pelo fato das florestas deciduasnteméginalmente uma condicdo déficit hidrico
mais severo, e 0 aumento na umidade do solo signifuma alteracdo mais drastica a este

ambiente, confirmando nossas hipoteses sobre ag/pesmudancas nestas comunidades. Por isso
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as taxas de dindmica encontradas foram maioresudoag taxas ja encontradas para demais

florestas comparadas pelo mundo, mesmo aquelagoctas impactos associados.
Espécies

Para as espécies, a reducdo na importancia dagespasialistas foi verificada para todas as
comunidades. A perda de individuos de espéciestesisticas de ambientes ribeirinhos na floresta
ciliar e a mortalidade de espécies consideradaciedistas de florestas secas param nas florestas
estacionais ilustram o quéo forte sao os efeitetedipo de perturbacdo para ambientes naturais,
mesmo em um curto periodo de tempo. Para a flocéstga no sub-bosque estdo sendo favorecidas
espécies generalistas e comuns em florestas esagiindicando mudanca floristica e estrutural

no futuro desta comunidade.

Nas florestas estacionais as mudancas foram meiegiveis com estabelecimento de espécies
comuns em ambientes ribeirinhos, proximo a beiralatw artificial gerado pela barragem,

aumentando a diversidade local da comunidade abapenas quatro anos apds o inicio no
impacto, confirmando nossas expectativas. NOs cimaman troca de espécies tipicas de florestas
estacionais por aguelas mais adaptadas a aguafeio“Eiliar”, cuja floresta estacional passa a

desempenhar o papel de floresta ciliar. Este efitmentou a heterogeneidade da comunidade,
basicamente a separando em parcelas onde as ragdégecforam mais intensas (0-30 m) e parcelas

onde as modificacdes foram menos perceptiveis (306

N&o podemos, porém ser equivocados e considetierpa&tos gerais causados pela construcdo de
barragens, seja para qualquer finalidade, comovwemte benéfico para as comunidades naturais. A
perda de habitat e de espécies tipicas das flergsta foram alagadas, ou seja, destruidas pelo
enchimento das barragens é muito superior a quadgueento em espécies que possa ter ocorrido,
ou que ainda pode ocorrer nos préximos anos nistastas.

Mudangas fisionGmicas

Tantas alteragbes ocorridas nas florestas avaliamtaervadas neste curto espaco de tempo,
demonstrou uma tendéncia de mudancas na proisibhomia. Na floresta ciliar, por exemplo,

as reducoes na importancia de grupos de espégeadkntes de solos com alta saturacdo hidrica e
drasticas modificacdes no sub-bosque reduziramea &asal total desta comunidade. Sem
conseguior repor a biomassa perdida a florestar gk demonstrou incapaz de se recuperar deste
disturbio, logo néo é totalmente resiliente a4 rédute umidade do solo, por isso consideramos esta

floresta como em “fase de degradacao”, cujo maudifivacdes devem ocorrer. Como a reducéo na
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vazao de agua € um dano permanente, grupos daessp¥is generalistas e tolerantes a menores
teores de umidade do solo devem continuar a o@gaspacos vagos, deixados por individuos de
espécies especialistas as antigas condi¢desidsaifica uma mudanca fisiondmica, de uma floresta

Umida associada a um recurso hidrico constanteupaadloresta menos Umida mais associada com

a tipica estacionalidade da regido, com menor idg@de de reter biomassa.

J& nas florestas deciduais, onde as modificacGamfmais drasticas, o estabelecimento de varias
espécies tolerantes & solos com alta saturacéodyithi relacionada a determinadas caracteristicas
favoraveis a ambientes néo estacionais. Espépieagidas florestas deciduais perdem as folhas na
estacdo seca devido a baixa disponibilidade hidritendem a possuir madeira pesada, evitando o
embolismo e morte do individuos sob forte défiédrito. Contudo, a grande maioria das novas

espécies ocorrentes nestas florestas ap0s o reme®a sdo perenefolias e/ou possuidoras de
madeira mais leve. Assim, a nova condicdo estadaendo ndo somente espécies, como também

determinadas caracteristicas que sdo mais pr@éaagientes sem marcada estagcao seca.
Relevancia do estudo para a ciéncia, meio sociabeonomia

Este estudo buscou preencher uma lacuna nos esteddsitos das construcdes de barragens sobre
comunidades arboOreas para ambientes de clima atqmca demonstrar o quéo sério é este tipo de
perturbacdo para tais comunidades. As mudancaslamtioram drésticas e instigam para a

continuidade do acompanhamento destas areas esgtatos para outras diferentes comunidades

sob semelhantes condicoes.

Para o meio social, a criacdo de barragens geeasoiw problemas como proliferacdo de vetores de
doencas e aumento de incidéncia de doencas red@esmtom a agua. Por outro lado a manutencao
de comunidades vegetais & beira das represas epfmesprotecdo das aguas dos rios, sobretudo
contra assoreamento, assegurando a utilidade deeengimento, no caso a geracdo de energia
para a populacdo. Devido a importancia destas colades para o bom funcionamento da usina,
programas de manutencao e re-vegetacao destaddefio realizados, assim como o Programa de
Salvamento do Germoplasma e Coleta de Sementégadzal pelo Consércio Capim Brancas e
Energia, responsavel pela implantagdo da usina.obDstmtamos que muitas das espécies propostas
para os programas apresentaram alta mortalidadéxe kecrutamento nas areas estudadas, logo
nao sdo espécies apropriadas para re-vegetacaeatecie passam a ficar as margens da represa.
Em contrapartida, encontramos espécies com respossitivas &s mudancas, que podem servir de
base para proximos programas de re-vegetacado sartesh
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