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Resumo

NOs investigamos as relagcfes entre a diversidadestrutura do componente arbéreo com as
variaveis ambientais, em quatro posi¢coes microtagmags (MPs), ao longo de um gradiente
formado entre zonas Umidas depressionais floreseadierras firmes em jaboticabais (FDWSs)
no Planalto Sul-Brasileiro. A riqueza especifica diversidade foram similares nas terras
firmes e menores nas zonas Umidas, enquanto gparésetros estruturais diferiram pouco
entre as MPs. Uma analise de espécies indicadastsan que poucas espécies sao indicadoras
das terras firmes, revelando que a distribuicBoedaecies foi relativamente uniforme em
comparacdo as zonas Umidas. Os mesmos padrdes fevaados por uma analise de
correspondéncia canbnica (CCA), que mostrou qualagamentos foram os principais
determinantes da zonacdo de espécies arboreasentgraentePlinia peruviana (Poir.)
Govaerts (Myrtaceae) € a Unica espécie com digtfbupraticamente restrita as MPs
estudadas, mas os jaboticabais podem ter uma iamogatdesproporcionalmente maior na
preservacao de espécies que sao pouco abundantedgramflorestas na regido. A ocorréncia
exclusiva de solos distréficos nas areas de esteihouma regido onde solos eutréficos
predominam, indicam que as terras firmes estudagaesentam zonas transicionais entre as
zonas umidas e a matriz florestal. Como estudogmiorem zonas Umidas depressionais
florestadas no Planalto Sul-Brasileiro, nossoslt@$os sugerem que ao menos toda a area
correspondente as depressdes topograficas depmsagida, até que estudos complementares
proponham zonas de amortecimento apropriadas, case kem critérios biolégicos.
Jaboticabais s@o ecossistemas Unicos cuja resiayra@nejo e preservacao sao cruciais para
manter ambientes espacialmente heterogéneos equamemente, a riqueza especifica e as

funcdes e servigcos ecossistémicos.

Palavras-chave Floresta Atlantica. Floresta estacional. Zonas dasi geograficamente

isoladas. Jaboticabais. Andlise de correspond@&acidnica. Analise de espécies indicadoras.






Abstract

We investigated the relationships between tree compt diversity and structure with
environmental variables of four microtopographicsigions (MPs) along a wetland-upland
gradient in forested depressional wetlands (FDWs}he South Brazilian Plateau. Species
richness and diversity were quite similar in thdangds and lowest in the wetlands, while
structural parameters differed little among MPs.iddicator species analysis showed that few
species were indicators of the upland sites, suiggethat species distribution was relatively
uniform in comparison to the wetlands. The samdepa were revealed by a canonical
correspondence analysis (CCA) that showed floothrige the main factor driving tree species
zonation. ApparentlyPlinia peruviana(Poir.) Govaerts (Myrtaceae) is the only tree sgeci
with practically restricted distribution to the died ecosystems, although FDWs and their
surrounding uplands can have a disproportionatglen importance in the preservation of
species that are under-represented in other rdgforests. The occurrence of exclusively
dystrophic soils in the study areas, in a regioemgleutrophic soils predominate, indicates that
the studied uplands represent transitional zonwgde® the FDWs and the forest matrix. As a
pioneer study in FDWs on the South Brazilian Platear findings suggest that the whole area
of the topographic depressions should be proteattiegst until complementary studies propose
proper buffer zones based on biological criteri@Ws are unique ecosystems whose
restoration, management and preservation are trtwianaintain spatial environmental

heterogeneity and consequently species richnessasystem functions and services.

Keywords Atlantic forest. Seasonal forest. Geographicadlglated wetlandsJaboticabais

Canonical correspondence analysis. Indicator spexialysis.
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Introducéo geral

A composicao floristica e a estrutura das formag@Egetacionais no Planalto Sul-
Brasileiro sdo relativamente bem conhecidas, o spi@leve a realizacdo de intensivos e
extensivos estudos floristicos e fitossociol6gi@g., Reitz 1965; Vibrans et al. 2012, 2013a,
b). Tais estudos abrangem desde ambientes comnpireidode vegetacdo herbacea, como
campos de altitude (lganci et al. 2011), banhaditegélhdes et al. 2016) e afloramentos
rochosos (Rocha et al. 2015), até ambientes fhisgestlesde florestas ribeirinhas (Giehl e
Jarenkow 2008) até florestas préximas aos divisdeeagua das microbacias hidrograficas
(Orihuela et al. 2015). Estes ultimos certamenbensdis bem conhecidos do que os primeiros,
especialmente no que tange ao componente arbaratudd, banhados ocupados por florestas
nao foram alvo de qualquer estudo vegetacional laoaRo Sul-Brasileiro, sendo a sua
ocorréncia pouco mencionada na bibliografia espeada.

Algumas das poucas informacgdes existentes sobegetacdo dos referidos banhados
encontram-se nos planos de zoneamento (Guadagdvn é@le manejo do Parque Estadual do
Turvo (Derrubadas-RS; SEMA 2005), onde os mesmogsef@ridos como jaboticabais em
funcdo da ocorréncia de densas populacbes da espémdreaPlinia peruviana (Poir.)
Govaerts (Myrtaceae), conhecida popularmente cabuticabeira. De acordo com Guadagnin
(1994), a incomum distribuicdo agregada e rediet@linia peruviananos jaboticabais gerou
até mesmo especulacbes sobre a possibilidade gegtatactes terem sido implantadas e
manejadas por indigenas, a exemplo de algumasiespé@cazonicas Uteis aos povos florestais
nativos. Além disso, a vegetacdo nos jaboticabaisndiecida também pela abundéancia da
palmeiraSyagrus romanzoffianéCham.) Glassman e pela riqueza de epifitos (Gumeidag
1994; SEMA 2005).

De acordo com a classificacdo das zonas Umidasidwras proposta por Junk et al.
(2014), jaboticabais correspondem a depressfesgr@fimas sujeitas a afloramentos
polimodais e imprevisiveis do lencol freatico encateéncia do acimulo da agua das chuvas
(“rain water fed wetlands in small depressindla literatura internacional, sdo conhecidos
como zonas umidas depressionais florestafitmested depressional wetlandsg., Casey e
Ewel 2006), sendo completamente circundadas p@astérmes (Tiner 2003). Em geral, zonas
Uumidas depressionais sdo pequenas (< 1 ha; lb@R6étl2), representando uma parcela também
pequena da area total ocupada pela matriz vegetdaocundante (e.g., 0,12% no Parque

Estadual do Turvo; Guadagnin 1994). Alem dissogpodpresentar distribuicdo restrita, como
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€ 0 caso dos jaboticabais no Planalto Sul-Brasjlejue ocorrem exclusivamente em areas
planas préximas aos divisores de agua das micabhirograficas (SEMA 2005).

Apesar da distribuicdo restrita e da pequena &otd ocupada, as zonas Umidas
depressionais abrigam uma parcela desproporcionggmeaior da biodiversidade regional em
comparacao a outros tipos de zonas umidas (Willetrat 2003; Scheffer e van Geest 2006).
Tal constatacdo é extremamente preocupante dianestddo precério de preservagdo dos
jaboticabais no Planalto Sul-Brasileiro. A maiortpalesses ecossistemas (fora de unidades de
preservacao) foi convertida para atividades agnojoés, e 0S poucos remanescentes se
encontram degradados ou desconectados da manestél) sujeitos a inumeros fatores de
perturbacdo, que incluem drenagem, aterramentdorpas e pisoteio pelo gado, extracéo
seletiva de plantas, caca, invasao de espéciasaxdaibras viarias, construcao de reservatorios
de agua e mudancas climaticas (Brinson e Malvdye2;2Junk 2013).

Nesse contexto, torna-se evidente a necessidadecalzacdo de pesquisas em
ecossistemas de referéncia com o propoésito de subsidios para o estabelecimento de
estratégias de restauracdo, manejo e preservac@bhatecabais. Para contribuir com esse
objetivo, nés conduzimos um estudo para avaliarekg0es entre as variaveis ambientais
(relacionadas a caracteristicas edéficas e topogsife a composicdo e estrutura de
comunidades arbdreas ao longo de um gradiente flarraatre zonas Umidas depressionais
florestadas e terras firmes, em jaboticabais na&dta estacional no Planalto Sul-Brasileiro.
Especificamente, ndés abordamos as seguintes qaeflpé estrutura florestal, a composicéo
especifica, a riqueza e a diversidade de espétiéeeas varia ao longo do gradiente formado
entre zonas umidas e terras firmes? (2) Podemasagsp ocorréncia de espécies tipicas em

posicdes especificas do perfil microtopogréafico?
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Forest Diversity and Structure in Depressional Wetinds on the South Brazilian Plateau

Introduction

Depressional wetlands (DWSs), also known as “gqugcally isolated wetlands” (a term
still under discussion; see Leibowitz 2015; Musttetl. 2015), are defined as those completely
surrounded by uplands (Tiner 2003). In general, R¥éssmall (< 1 ha), occur in low densities
and can occupy less than 1% of forest landscapead@gnin 1994; SEMA 2005; lop et al.
2012). Despite these characteristics, DWs fulfithgriad of ecosystem functions and services
(Leibowitz 2003; Cohen et al. 2016), harboring @&pdbportionately greater share of
biodiversity in relation to other wetland ecosyssefWilliams et al. 2003; Scheffer and van
Geest 2006).

In the Atlantic Forest biome on the South Branril@lateau (IBGE 2004), DWs are
practically restricted to flat areas close to tredew divisors of the river basins (SEMA 2005).
According to the classification proposed by Junkle{2014), they correspond to “rain water
fed wetlands in small depressions”, being subjegalymodal and unpredictable water table
upwelling. These DWs (when vegetated) show highdyiable vegetation physiognomies,
varying from predominantly herbaceous to arboreammunities (forested depressional
wetlands — FDWSs), presenting different levels obdy species encroachment determined by
local variations in the hydrological conditionsds@so Palik et al. 2007).

On the South Brazilian Plateau, the FDWs and th@mediate surroundings (or just the
surroundings of the DWSs) are knownjalsoticabaisbecause of the high abundance of the fruit
tree Plinia peruviana(Poir.) Govaerts (Myrtaceae) (known jboticabeirg SEMA 2005),
which occurs in the FDW-upland interface. In thesesystems, microtopography determines
large micro-spatial heterogeneity from the FDWsthe water divisors of the topographic
depressions, in distances that can be as sma0-48 &. In the FDWSs, microrelief is highly
irregular due to the occurrence of many well-drdinemmocks (ca. 30 cm-high and ca. 1-2
m-wide; see also Teixeira et al. 2008), interspadsd permanently water-saturated
hydromorphic soils. From the FDWs toward the molevaed surrounding areas, soll
profundity tends to decrease, and rocky outcropscammon on the water divisors of the
depressional basins.

At a local scale, microtopography is widely reciagd as shaping vegetational patterns
through its direct or indirect influence on a myriaf abiotic and biotic variables (e.g.,

Courtwright and Findlay 2011). From the microtopgrically-controlled factors, soil
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moisture is one of the most important drivers @nplcommunities and the most affected by
the microrelief (Moeslund et al. 2013). Higher sigenerally present drier soils than lower sites
because of the water runoff, while lower areas tenlde moister because of the water input
from higher areas and the proximity of the watbtedgRenno et al. 2008). Given the paramount
importance of water availability in structuring ptacommunities, forests are expected to show
distinct compositional and structural patterns leetwareas subject to flooding and drought
(Jirka et al. 2007; Balvanera et al. 2011).

Despite being environmentally heterogeneous, aurfeadirectly linked to species
richness (Stein et al. 2014) and ecosystem furstma services (Lovett et al. 2005; Turner et
al. 2012), the FDWSs on the South Brazilian Platbatorically have been neglected. The
majority of these ecosystems outside of presematiots are partially degraded or converted,
and the few remaining are disconnected from thestamatrix, being subject to several threats
(e.g., draining, grounding, grazing and trampling dattle, harvest of plants and animals,
invasion of exotic species, road works, constructb water reservoirs, and climate change;
Brinson and Malvarez 2002; Junk 2013). Part of slaisnario is due to the lack of studies on
the vegetation ofjaboticabais which is surprising, given the well-documented ahe
increasingly recognized ecological importance of ©\&/g., the special issueWktlandsVol.

23, No. 3, September 2003; Cohen et al. 2016). Mewé&WDs have received less attention,
and little is known about the relationships betweevironmental variables and forest diversity
and structure in these ecosystems (Previant andl|2@d4).

The current environmental status, combined wittstage of knowledge about the FDWs
on the South Brazilian Plateau, point to the needhtensive research efforts to create subsidies
for the restoration, management and preservatigaboticabais To contribute to this goal, we
conducted a fine-scale study to investigate thaticeiships between environmental variables
(related to edaphic and microtopographic featuamsl) the composition and structure of tree
communities along a wetlands-upland microtopogm@ginadient. Specifically, we addressed
the following questions: (1) Do forest structurpesies composition, richness and diversity
vary between microtopographic positions along thetlamd-upland gradient? (2) Can we

expect the occurrence of typical species in speniicrotopographic positions?
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Material and methods

Study areas

The study was conducted in two subtropical FDW#&enhded in remnants of the semi-
deciduous seasonal forest on the South Braziliate®l (Oliveira-Filho et al. 2015), both
situated on the Uruguay River basin (the reducedbmu of preserved FDWs and logistic
problems prevented the selection of more studysqaré&ae first FDW, with ca. 0.31 ha (forested
only in the periphery), is surrounded by a forestmant with ca. 9.5 ha, located within a private
property, in the municipality of Sdo Jodo do OeSanta Catarina State (27°05'39"S,
53°34’17"W; 498 m a.s.l.). The second FDW, with €294 ha (almost entirely forested), is
situated at Turvo State Park (a preservation urih W7,491 ha; SEMA 2005), in the
municipality of Derrubadas, Rio Grande do Sul S@a#%12'49”S, 53°51'14”"W; 433 m a.s.l.)
(Fig. 1). Regional landscape shows several fomsiants (60% with no more than 20 ha;
Vibrans et al. 2012) embedded in an agriculturdl larestock matrix.

According to Koppen’s classification, the climate the region is subtropical humid
without a dry season (Cfa type; Alvares et al. 20T4e annual averages of temperature and
rainfall are ca. 20°C (Pandolfo et al. 2002) and1¢800 mm (Pinto 2011), respectively. Soils
originate from basaltic rocks, resulting in predoanitly eutrophic ones, formed in hilly relief
(IBGE 1990).

Vegetation sampling

We performed a tree species survey in 80 plot »fl0 m (with two subplots of 5 x 5
m) distributed along a wetland-upland microtopogiapgradient. In each study area, we
established, starting from the north, 10 radiahdexts at fixed distances proportional to the
size of the FDWs perimeters. Along all transects,alocated plots in four microtopographic
positions (MPs): inside (wetlands) and immediatalyside (lower slopes) the FDWs, and in
areas with 60 cm (middle slopes) and 120 cm (upfmes) of elevation in relation to their
limits. The beginning of the FDWSs was arbitraristablished by the presence of permanently
water-saturated hydromorphic soils (Magalhéaes @04l6). As proposed by Damasceno-Junior
and Pott (2011), the major axis of the rectangplats was aligned to the terrain level curves
to better represent specific environmental cond#tidOnce the FDW of the first study area

indicated no trees in the central zone, we estaddigll plots of the wetlands at ca. three meters
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Fig. 1 Map showing location of the study areas in soutlRrazil

from their boundaries. We sampled all trees witleast one stem with a perimeter at breast
height (pbh)> 15 cm. The species identification was done by wlbing a specialized
bibliography, the collection of the Herbarium ICRNtbe Universidade Federal do Rio Grande
do Sul (UFRGS) and specialists. The revision angatipg of the taxa names was based on
Flora do Brasil (2016), and the APG IV (2016) cifasation system was adopted for families.

Microtopographic survey, soil depth measurement angoil analysis
Two “environmental variables” related to microtopaghically driven differences in soil

water availability were measured in each plotiaiigrage elevation (AE; in cm above or below
the FDWSs boundaries), which was given by averagimggelevations of the corners of the
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subplots; and (2) slope, the maximum differencelavation (in cm) between the corners. To
perform these detailed topographic surveys (anabbsh plots at different elevations in the
transects), we used a 20 m long water-filled |lewvglhose and a tape measure graduated in
millimeters, following Cardoso and Schiavini (2002)

We measured soil depth with an iron bar 1.5 m lonthe four corners of each plot to
obtain the average soil depth (ASD) per plot. Arfolenvironmental variable, the “average
vertical distance to the water table” (AVDWT), walstained by subtracting the average soil
depth from the average elevation. Positive AVDWidicated that the tree roots are prevented
from accessing the groundwater vertically by comirtg contact with the rocks. On the other
hand, negative AVDWTs indicated free access t@tbendwater.

The soil chemical and textural features were olethirom the analysis of eight composite
samples (20 cm depth) collected in the center ®fplbts of each MP. The soil analyses were
performed at the UFRGS Soil Laboratory, based enBENMBRAPA (1997) protocols. The
following variables were obtained: percentages/ttias of clay, silt, sand, organic matter
(O.M.), phosphorus (P), potassium (K), aluminum)(&&lcium (Ca), magnesium (Mg), sulfur
(S), zinc (Zn), copper (Cu), boron (B) and mangar(&n); pH in water suspension, potential
acidity (Al+H), cation exchange capacity (CEC), safibases (SB), saturation of bases (V)

and saturation of aluminum (m).

Data analysis

We calculated the phytosociological parameteegisblute density (AD) and importance
value index (calculated to vary from 0% to 100%) éach species of all MPs (Kent 2012).
According to Oliveira-Filho et al. (2001), we prepd tree frequency distributions into classes
of diameter and height for the MPs, employing cliassrvals with exponentially increasing
ranges to compensate for the decrease and/or sechedree density toward larger diameters
and heights. Differences in the main structurabpeeters (abundance, basal area, diameter at
breast height and height) among MPs were analysaty (Kruskal-Wallis tests, since the
Shapiro-Wilk test indicated that the data were mmimally distributed and the Levene’s test
indicated unequal variances. Significant differenisetween MPs were compared by means of
Dunn’s post hoctests. The same tests were used to compare difiesein environmental
variables between MPs.

We compared the species richness of the MPs usdigidual-based rarefaction curves

with a confidence interval of 95% (Colwell et &Dd). The species richness was also estimated



23

using Jackknife 1, which is the estimator most@ated with observed richness, according to
Walther and Moore (2005). The diversity of the MiRs compared through diversity profiles
based on the Rényi series (Tothmérész 1995), iohwdlpha = 0 corresponds to richness, alpha
=1 to Shannon’s index, and alpha = 2 to Simpsmatgrocal index (Melo 2008).

To identify indicator species of the MPs, we parfed an Indicator Species Analysis
(ISA) by calculating the Indicator Values (IVs) thfe species, an index that is based on the
relative density and relative frequency of the sggmedDufréne and Legendre 1997). The
significance of the IVs was tested using 999 Mdéelo permutations.

We used canonical correspondence analysis (CCajder to analyze the relationships
between species abundance and environmental \esidtdr Braak 1987). The appropriate
ordination method for direct gradient analysis whesen by analyzing the gradient lengths
using a detrended correspondence analysis (DCA9.ré&bulting gradient lengths (axis 1 =
3.789 s.d.; axis 2 = 4.808 s.d.) indicated that ghecies showed unimodal responses to
underlying environmental variations, justifying thge of CCA (ter Braak 1985). As required
by CCA, we organized the data for species and enmiental variables in two matrices. The
first matrix contained the abundances of specieplpé Species with less than five individuals
in the total sample were removed, resulting in asge&cies x 79 plots matrix (one plot was
excluded for not having trees with pbhl5 cm). Before the ordination, we log-transformed
[log (x + 1)] the abundance values to give lesggiveio dominant species (McCune and Grace
2002). The second matrix initially contained allvieonmental variables, which were
standardized according to standard deviation toentakm comparable (McCune and Grace
2002). After a preliminary CCA, we eliminated pgodorrelated variables (r < 0.5 with the
two first axes) and highly redundant ones>(10.7 among variables). The six variables
maintained in the final CCA were AE, Cu, Clay, ASR,and O.M. We tested the null
hypothesis that no relationship existed between rttadrices of species abundances and
environmental data with 999 Monte Carlo permutai(ier Braak 1987). In order to verify the
correlations between species and the six envirotaherariables of the final CCA, we
employed Spearman’s rank correlation coefficieen{ 2012).

ISA, DCA and CCA were run in PC-ORD 6.19 (McCumel aMefford 2011), Kruskal-
Wallis was performed in BioEstat 5.3 (Ayres e28l07), and PAST 3.11 (Hammer et al. 2001)
was used for all other analysis.
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Results

We sampled 563 individuals belonging to 63 specl@&sgenera and 25 families. From
the wetlands to the upper slopes, we recorded II$5,129 and 132 individuals; and 27, 37,
37 and 36 species, respectively (Table 1). Totabbarea was 13.9 m?, while the basal area
from the wetlands to the upper slopes was 3.5, 3®Band 3.2 m?, respectively.

Table 1 Phytosociological parameters of the tree speqgieh £ 15 cm) sampled in four microtopographic

positions along a wetland-upland gradient in fardstepressional wetlands on the South Braziliate&la

Absolute density (h3 Importance Value Index

Species Family

WSs LSs MSs USs WSs LSs MSs USs
1. Syagrus romanzoffian@&ham.) Glassman* Arecaceae 540 160 100 180 25.6 10.7 6.6 124
2. Sebastiania brasiliensSpreng.* Euphorbiaceae 300 50 40 20 146 29 3.0 1.3
3. Luehea divaricataMart. & Zucc.* Malvaceae 110 30 30 30 113 4.1 48 1.6
4. Ficus luschnathianéMVig.) Miq. Moraceae 40 - 10 - 83 - 2.4 -
5. Ruprechtia laxifloraMeisn.* Polygonaceae 60 10 - - 4.7 35 - -
6. Guarea macrophyll&/ahl* Meliaceae 90 - - - 46 - - -
7. Gymnanthes klotzschiahéiill.Arg. Euphorbiaceae 60 20 30 10 44 20 2.4 11
8. Erythrina falcataBenth. Fabaceae 40 - - - 37 - - -
9. Plinia peruvianaPoir.) Govaerts** Myrtaceae 60 120 40 - 3.3 142 3.6 -
10. Actinostemon concoldBSpreng.) Miill.Arg. Euphorbiaceae 40 330 260 120 23 125 9.7 5.7
11. Eugenia hiemali€ambess. Myrtaceae 40 - - 10 2.0 - - 0.6
12. Sorocea bonpland{Baill.) W.C.Burger, Lanj. &
de Boer Moraceae 40 60 40 20 19 33 2.3 1.2
13. Apuleia leiocarpgVVogel) J.F.Macbr. Fabaceae 20 70 60 30 19 79 5.9 6.1
14.Vitex megapotamicgSpreng.) Moldenke Lamiaceae 20 10 - - 15 1.3 - -
15. Eugenia subterminali®C. Myrtaceae 40 70 10 - 1.4 41 0.7 -
16. Chrysophyllum marginatuifiHook. & Arn.) Radlk. Sapotaceae 30 20 80 110 14 19 51 8.6
17. Ocotea diospyrifoligMeisn.) Mez Lauraceae 20 - - - 1.3 - - -
18. Campomanesia xanthocarfslart.) O.Berg Myrtaceae 10 10 - - 0.6 0.6 - -
19. Machaerium stipitaturvogel Fabaceae 10 20 30 30 0.6 2.0 2.9 25
20. Diatenopteryx sorbifoli&Radlk. Sapindaceae 10 50 70 80 06 44 6.5 8.6
21.Nectandra lanceolathlees Lauraceae 10 - - - 0.6 - - -
22.Nectandra megapotami¢&preng.) Mez Lauraceae 10 - - 10 0.6 - - 0.8
23. Myrocarpus frondosuallemao Fabaceae 10 10 20 40 0.6 13 15 25
24. Myrsinesp. Primulaceae 10 - - - 0.6 - - -
25. Trichilia catiguaA.Juss. Meliaceae 10 - 30 50 0.6 - 20 28
26. Myrsine loefgreni(Mez) Imkhan. Primulaceae 10 - - - 0.6 - - -
27.Casearia sylvestriSw. Salicaceae 10 20 10 30 0.6 1.3 0.9 2.1
28. Annona neosalicifolidd.Rainer Annonaceae - 40 20 - - 30 15 -
29. Cordia trichotoma(Vell.) Arrab. ex Steud. Boraginaceae - 10 10 - - 2.2 0.7 -
39. Chrysophyllum gonocarputMart. & Eichler ex Sapotaceae _ 30 60 40 B 21 39 22
Miq.) Engl.
31. Helietta apiculataBenth.**** Rutaceae - 30 30 110 - 1.7 33 86
32. Pisonia ambiguadeimerl Nyctaginaceae - 20 - - - 1.7 - -
33. Balfourodendron riedelianurtEngl.) Engl. Rutaceae - 20 40 30 - 1.3 3.2 1.9
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34. Allophylus eduligA.St.—Hil. A.Juss. & Cambess.)

Hieron. ex Niederl. Sapindaceae - 20 20 50 - 1.2 1.7 38
35. Pilocarpus pennatifoliukem. Rutaceae - 20 20 20 - 0.9 0.9 1.2
36. Zanthoxylum petiolar@.St.—Hil. & Tul. Rutaceae - 10 10 - - 0.8 0.9 -
37.Eugenia involucratdC. Myrtaceae - 10 - - - 0.7 - -
38. Machaerium paraguariengdassl. Fabaceae - 10 - - - 0.6 - -
39. Jacaranda micranth&ham. Bignoniaceae - 10 - - - 0.6 - -
40. Maclura tinctoria(L.) D.Don ex Steud. Moraceae - 10 - - - 0.6 - -
41. Eugenia burkartiangD.Legrand) D.Legrand Myrtaceae - 10 - - - 0.6 - -
42. Strychnos brasiliensidlart. Loganiaceae - 10 20 10 - 0.6 15 0.6
43. Calliandra foliolosaBenth.**** Fabaceae - 10 20 70 - 0.6 13 40

44. Muellera campestrigMart. ex Benth.) M.J. Silva &
A.M.G. Azevedo

Fabaceae - 10 - - - 0.6 - -

45. Solanum sanctae—catharin@einal Solanaceae - 10 20 - - 0.6 1.3 -
46.Campomanesia guazumifoli@ambess.) O.Berg  Myrtaceae - 10 - 20 - 0.6 - 1.3
47.Trema micranthgL.) Blume Cannabaceae - 10 10 - - 0.6 0.6 -
48. Cordia americandL.) Gottschling & J.S.Mill. Boraginaceae - - 20 10 - - 58 23
49. Peltophorum dubiur(Spreng.) Taub. Fabaceae - - 10 - - - 42 -

50. Trichilia clausseniC.DC. Meliaceae - 30 40 - 19 2.7
51. Aspidosperma australdull.Arg. Apocynaceae - 30 10 - 1.9 0.6
52. Holocalyx balansa#licheli Fabaceae - 20 10 - 1.7 1.2
53. Plinia rivularis (Cambess.) Rotman Myrtaceae - 10 10 - 1.3 0.9
54. Eugenia pyriformisCambess. Myrtaceae - 10 - - 1.1 -
55. Urera bacciferaL.) Gaudich. ex Wedd. Urticaceae - 10 10 - 0.6 0.6
56. Trichilia elegansA.Juss. Meliaceae - 10 - - 0.6 -
57. Eugenia uniflora_. Myrtaceae - - 40 - - 38
58. Handroanthus heptaphylld¥ell.) Mattos Bignoniaceae - - 20 - - 2.8
59. Bunchosia maritiméVell.) J.F.Macbr. Malpighiaceae - - 10 - - 0.8
60. Myrcianthes pungen®.Berg) D.Legrand Myrtaceae - - 10 - - 0.7
61. Matayba elaeagnoideRadlk. Sapindaceae - - 10 - - 0.7
62. Cordia ecalyculata/ell. Boraginaceae - - 10 - - 0.6

63. Casearia decandrdacq. Salicaceae - - - 10 - - - 0.6

WSswetlands,LSslower slopesMSsmiddle slopesSsupper slopes. The species are ordered by decgeasin

Importance Value Index, from the wetlands to th@arpslopes. The phytosociological parameters ofténe
species with the highest Importance Value Indidesagh microtopographic position are shown in kgfue. *
Indicator species of the wetlands £ 5; 7.9%), ** Indicator species of the lower shapf = 1; 1.6%), ****
Indicator species of the upper slopes(2; 3.2%)

The majority of structural parameters did not efifbetween MPs according to the
Kruskal-Wallis tests (Table 2). Significant diffew@es were found only in the second diameter
class (10-20 cm) and in the fourth height clas$@ m), but Dunn’s post hoc test did not detect
differences in the height class. In general, thgopmdifferences among structural parameters
occurred between the wetlands and the upland sgsecially in the second (10-20 cm)
diameter class (Fig. 2), in the third (8-16 m) &mel fourth £ 16 m) height class (Fig. 3), and

in the maximum height and diameter classes.
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Table 2 Structural parameters (mean = SD) of tree spggkk> 15 cm) sampled in four microtopographic

positions along a wetland-upland gradient in fa@stepressional wetlands on the South Braziliate®la with

a non-parametric (Kruskal-Wallis) analysis of vada

Structural parameters Wss LS MSs uss p

(n =20) (n=20) (n=19) (n=20)
Abundance (ind. plof 8.3+4.2 6.9+3.8 6.8 +3.6 6.6 £3.5 2.80 @.42
Basal area (m2 pid} 02+0.1 0.2+0.1 0.2+0.2 02+0.1 1.58 6.66
Average dbh (cm pld) 143 +3.7 15.0+5.7 15.3+4.8 13.8+4.4 1.23 0.747
Maximum dbh (cm ind. pld) 28.1+154 31.7+124 35.5+19.7 28.9+14.2 .093 0.378
Dbh 5-10 cm (ind. plof) 29+21 38+26 34+£27 34+22 1.42 Q.70
Dbh 10-20 cm (ind. pld) 43+27 16+1.4 20+1.9 20+15 12.89 0.005
Dbh 20-40 cm (ind. plof 1.0+1.0 1.2+0.8 1.1+10 1.1+11 1.29 Q.73
Dbh> 40 cm (ind. plot) 0.1+0.3 0.3+0.6 04+0.5 0.3+04 2.09 a.s5
Average height (m pld) 93122 9.4+22 10.3+24 9.6+22 1.98 73.5
Maximum height (m ind. pld§ 13.3+3.3 147+4.1 158+3.6 149+39 6.11 0.106
Height 2-4 m (ind. plot) 04+0.7 0.1+0.2 0.2+04 0.1+0.2 1.71 6.63
Height 4-8 m (ind. plot) 22+16 32+27 24+25 27+15 224 a.52
Height 8-16 m (ind.plot) 56+3.6 30+21 35+24 34+26 6.49 0.09
Height> 16 m (ind. plot) 0.2+0.5 0.7+0.7 0.8+0.8 0.6+0.7 7.93 0.048

WSswetlands,LSs lower slopesMSs middle slopes|USsupper slopes. Different superscript letters inica

significant differencesp(< 0.05) in structural parameters between micragoggohic positions using Dunnfmst

hoctests. Significanp-values are shown in bold type

90 1 _ 0O Wetlands
‘s 80 1 OLower slopes
<
S 70 - mMiddle slopes
E 60 4 | B Upper slopes
= 50 -
=
£ 40 4
T
o 30
S
3 20 -
£
Z 10 T

0 .

5-10 10-20 20-40 >40

Diameter classes (cm)

Fig. 2 Diameter classes distribution of the tree spegbbs® 15 cm) sampled in four microtopographic positions

(MP) along a wetland-upland gradient in foresteprdssional wetlands on the South Brazilian Plateau
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(MP) along a wetland-upland gradient in foresteprdssional wetlands on the South Brazilian Plateau

The individual-based rarefaction curves revealgdicant differences in the expected
number of species, with a lower species richnesgegtied for the wetlands (Fig. 4). The
wetlands also had the lowest species richness astihty Jackknife 1 (37.5 + 4.0), while the
other MPs presented closely similar estimates (lahpes = 54.1 + 4.1; middle slopes = 48.4
+ 3.2; and upper slopes = 49.3 + 3.1; global Jad&kinwas 79.8 + 4.1). Diversity was similar
and successively increased from the wetlands tapiper slopes when major emphasis was
given to the dominant species (e.g., alpha = 4, BigHowever, when only the richness was
considered (alpha = 0), the upland sites presamtsely similar and higher estimates than the
wetlands. In the upland sites, the upper slopesepted fewer species than the lower slopes
and the middle slopes, causing the crossing optogles.

According to the ISA, five species are indicatoirshe wetlands, one of the lower slopes
and two of the upper slopes. For the middle slopesndicator species were identified (Table
1).

Kruskal-Wallis tests showed that all considered irammental variables differed
significantly among MPs, except the levels of O(Vable 3). According to chemical fertility,

the soils of all MPs were classified as dystrophkiith base saturation lower than 50% (the
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Fig. 4 Individual-based rarefaction curves comparing @éstmated richness of the tree species (phb cm)
sampled in four microtopographic positions (MP)rgloa wetland-upland gradient in forested depression

wetlands on the South Brazilian Plateau. Linesray gndicate the 95% confidence interval

composite soil sample of the upper slopes of tleers study area presented exactly 50% of
base saturation). All soils were found to have Hagldity (pH< 5.5; Tedesco et al. 1997).

The results of the CCA are shown in two diagramisigs. 6-7, while Table 4 shows the
intraset correlations between environmental vaemldnd the first two ordination axes, in
addition to weighted correlations between environtalevariables. The eigenvalues of the two
first axes of the CCA (axis 1 = 0.376; axis 2 =2DRindicate a short gradient (< 0.5), meaning
that many species occurred in all MPs, varyingdadlsi in their abundances (ter Braak 1995).
Of the total of 63 species, 12 (19%) occurred invits, 10 (16%) in three MPs, and 18 (29%)
in two MPs. From the wetlands to the upper sloplesre were six, seven, three and seven
exclusive species respectively, totaling 23 (36p&cges exclusive to only one MP.

The first two axes of the CCA ordination explairfed6% of the species-environment
relationships (axis 1 = 7.3%; axis 2 = 4.3%), dr@ldpecies-environment correlations for these
axes were 0.882 and 0.74650.001), respectively. Axis 1 was highly correthtvith AE, Cu,
clay and K, while axis 2 was highly correlated wit8D, O.M. and K.
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The plots arrangement in the first CCA diagram (MY indicates that the strongest
gradient (mainly related to Cu and AE) occurs irsdx starting at the left side, with a set of
plots from the wetlands, and ending at the rigdeswith the three sets of plots from the
uplands. The second axis, in turn (mainly related$D and O.M.), contributes more to the
segregation of the sets of the upland plots. Thespf the lower slopes occurred at the upper
side of the second axis, with a subset of plotsn{fthe first study area; with an average
elevation 20% lower than the other subset) clogbdcset of the wetland plots. On the other
hand, the majority of the plots of the upper slopese found at the lower side of the second
axis. Three sets of plots were clearly distinguistweetlands, lower slopes and upper slopes),
and one set (middle slopes) presented a superim@wgkintermediate position relative to the
lower slopes and the upper slopes.

In the second CCA diagram (Fig. 7), the first asegregated the species that were
predominant in the wetlands from the majority of gpecies that were predominant in the
uplands. The specieSyagrus romanzoffiangCham.) GlassmanSebastiania brasiliensis
Spreng.L.uehea divaricataMart. & Zucc.,Guarea macrophyll&ahl andRuprechtia laxiflora

Meisn., located on the left side of the first awgre the most abundant species in the wetlands.
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Table 3Environmental variables (mean + SD) of four micpmgraphic positions along a wetland-upland gradient

in forested depressional wetlands on the SouthilBma®lateau, with a non-parametric (Kruskal-Wallanalysis

of variance
WSs LSs MSs USs
Environmental variables H p
(n =20) (n =20) (n =20) (n=20)

Average elevation - AE (cm) -95+11.3 236+88 846+150 140.7+280 7342 <0.001
Slope (cm) 18.3+11.2 453+154 64.2+30.1 746+53.6 3544 <0.001
Average soil depth - ASD (cm) 67.2+1%7 73.7+2060 61.3+16.% 51.7 £26.8 8.23 0.041
Average vertical distance to the water table -

-76.0+15.% -498+217 234+168 89.7+278 69.67 <0.001
AVDWT (cm)
Clay (%) 450+3.1 420+4.%  375+5.8% 365+1.5 3284 <0.001
Silt (%) 49.0+3.1 455+2.6 38.5+4.6 37.0+5.% 59.49 <0.001
Sand (%) 6.0+0.0 125+158 24.0+10.3 26.5+6.7 64.07 <0.001
pH in O 46+0.F 45+0.23 4.7+0.2 48+0.0 43.50 <0.001
P (mg/dnd) 11.6+4.6 6.2 +2.9° 6.1+0.2 77+1.F 34.74 <0.001
K (mg/dn?) 84.0 + 16.4° 91.5+39.5 88.0+3.¥ 135.0+36.9 20.69 <0.001
Organic matter - O.M. (%) 51+0.5 50+0.1 594 6.0+1.2 1.88 0.598
Al (cmoly/dn?) 25+0.9 34+1.72 1.8+1.4 0.4+0.2 43.26 <0.001
Ca (cmaydnr) 49+0.5% 35+1.2% 58+ 1.4 9.1+04 54.73 <0.001
Mg (cmol/dm?) 15+0.2 13+05% 1.8+0.9 29+06 3574 <0.001
Al+H (cmol/dnr) 24.0+6.9 36.5+22 23.4+11.8 17.7+6.9 4521 <0.001
CEC (cmol/dn?) 30.6 6.6 41604 31.2+9.0 30.2+8.0 46.16 <0.001
Sum of bases - SB 6.5+0.3 50+1.8 7.8+2.3 124+1.1 5079 <0.001
Saturation of bases - V (%) 225+%6 12.0+4.1 295+159 425%7.7 47.02 <0.001
Al saturation - m (%) 271+83 41.7+16.0 19.8+16.4 3.1+0.6 50.79 <0.001
S (mg/dnd) 14.0+10 24,0+ 0.6F 245+18 27.0+2.1% 59.01 <0.001
Zn (mg/dnd) 6.8+1.2 9.4 +0.7 9.7+0.2 12.8+3.3 49.02 <0.001
Cu (mg/dm) 76+0.5 45+2.0 3.2+0.7 34+1.F  49.02 <0.001
B (mg/dn?) 0.3+0.F 0.4+0.2 0.6 £0.2¢ 0.8+0.3 53.33 <0.001
Mn (mg/dn¥) 14072 275+56 53.0+34.9 88.0+£40.0 47.02 <0.001

WSswetlands,LSs lower slopesMSs middle slopeslUSsupper slopes. Different superscript letters inica
significant differencesp(< 0.05) in environmental variables between miguoggraphic positions using Dunn’s

post hodests. Significanp-values are shown in bold type

In the uplands, the species distribution was maréotm, but the second canonical axis
revealed the association of some species with fgpecivironmental conditions. At the upper
side of the second axis occurred species sudPlias peruviana(Poir.) GovaertsApuleia
leiocarpa(Vogel) J.F.Macbr.Sorocea bonplandiiBaill.) W.C.Burger, Lan;. & de Boer and
Annona neosalicifoliaH.Rainer, which were most plentiful in sites witkeegp soils, and
consequently with highly negative AVDWTs (lowergés). In the other hand, at the lower side
of the second axis, species suchHmietta apiculataBenth., Chrysophyllum marginatum

(Hook. & Arn.) Radlk.,Calliandra foliolosaBenth. andMyrocarpus frondosuélleméao were
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Fig. 6 Biplot diagram of the CCA ordination for plots apdvironmental variables of four microtopographic

positions (MP) along a wetland-upland gradientire$ted depressional wetlands on the South BraZliateau

most abundant on sites with shallow soils and kigidsitive AVDWTs (upper slopes).
Chrysophyllum gonocarpu(Mart. & Eichler ex Miqg.) EnglandBalfourodendron riedelianum
(Engl.) Engl. were the unique species of the diagiathat their highest abundances were in
the middle slopes. The plots of this MP were alledaat sites with positive AVDWTSs, but
horizontally close to sites with negative AVDWTS.

The patterns observed in the second CCA diagrarocerfeemed by the Spearman’s rank
correlations coefficients between the species adres and the environmental variables,
presented in Table 5. Of the 27 species considerélie CCA, 13 (48.1 %) were correlated
with AE, 10 (37.0%) with Cu, eight (29.6%) with glaseven (25.9%) with ASD, six (22.2%)
with K and five (18.5%) with O.M.
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of four microtopographic positions along a wetlarmdand gradient in forested depressional wetlamdte® South

Brazilian Plateau. Species are identified by thbireviated names (full names in Table 1)

Table 4 Canonical correspondence analysis (CCA) of thetr@g species (pbk 15 cm) sampled in four

microtopographic positions along a wetland-uplamddgent in forested depressional wetlands on thettSo

Brazilian Plateau: matrix ahtrasetcorrelationsbetween environmental variables and the first twadination

axes, and matrix of weighed correlations betwesatiremmental variables

Environmental variable Axis 1 Axis 2 Cu AE Clay K ASD O.M.
Cu -0.932 0.170 1

AE 0.799 -0.226 -0.615 1

Clay -0.681 -0. 123 0.591 -0.682 1

K 0.496 -0.492 -0.649 0.402 -0.501 1

ASD -0.043 0.901 0.227 -0.202 -0.009 -0.354 1

O.M. 0.325 -0.727 -0.497 0.264 0.022 0.546 -0.543 1
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Table 5 Spearman’s rank correlation coefficients betweea #tbundance of the 27 species and the six

environmental variables used in the canonical spoadence analysis (CCA)

Species AE Cu Clay ASD K O.M.
Sebastiania brasiliensis -0.537" 0.514" 0.330° -0.109™ -0.131™ -0.052
Guarea macrophylla -0.410™ 0.418" 0.249 0.162 -0.031™ -0.024
Syagrus romanzoffiana -0.339" 0.315 0.422" -0.273 -0.112™ 0.030™
Ruprechtia laxiflora -0.313" 0.339 0.401" 0.172 -0.281 -0.200™
Ficus luschnathiana -0.262 0.191™ 0.154* -0.043* 0.001™ 0.107
Plinia peruviana -0.236 0.136™ 0.191™ 0.200* -0.241 -0.062™
Luehea divaricata -0.226 0.323 0.254 0.018™ -0.217™ -0.094™
Gymnanthes klotzschiana -0.214™ 0.243 0.088™ -0.119* -0.168™ -0.147
Eugenia subterminalis -0.189™ 0.184 0.248 -0.036™ -0.416™ -0.063™
Eugenia hiemalis -0.093™ 0.201™ 0.209* 0.074* -0.177 -0.225
Annona neosalicifolia -0.056™ -0.151™ -0.050™ 0.053* 0.041™ -0.016™
Sorocea bonplandii -0.034 0.051 -0.044 0.350 -0.153™ -0.318"
Apuleia leiocarpa 0.058™ -0.043* -0.134 0.330° -0.076™ -0.250
Actinostemon concolor 0.072* -0.334 -0.103™ 0.067™ 0.336" 0.196™
Casearia sylvestris 0.105™ -0.178™ -0.083* 0.102¢ 0.260 0.154™
Machaerium stipitatum 0.115¢ -0.076™ -0.076™ -0.051™ -0.053* -0.088™
Pilocarpus pennatifolius 0.174* -0.051™ -0.111™ -0.228 -0.031™ -0.049*
Balfourodendron riedelianum 0.178™ -0.145* -0.146™ -0.052 -0.010* -0.003*
Chrysophyllum gonocarpum 0.189 -0.083 -0.264 0.277 -0.036™ -0.190™
Myrocarpus frondosus 0.190™ -0.105* -0.052* -0.201™ 0.070¢ 0.043¢
Helietta apiculata 0.216™ -0.324° -0.049* -0.366™ 0.210™ 0.289"
Trichilia catigua 0.223 -0.148™ -0.075™ -0.127 0.054* 0.058™
Diatenopteryx sorbifolia 0.224 -0.151™ -0.201™ 0.060™ -0.029* -0.124
Chrysophyllum marginatum 0.241 -0.244 0.002 -0.299" 0.092 0.179¢
Allophylus edulis 0.251 -0.005™ -0.194* -0.044™ -0.091™ -0.142
Calliandra foliolosa 0.294 -0.405™ -0.092 -0.221™ 0.340 0.315
Trichilia clausseni 0.315" -0.026™ -0.301" 0.148™ -0.032 -0.181™

The species are ordered by decreasing correlafibnawerage elevation. < 0.05, **p < 0.01, *** p < 0.001,

nsnon-significant. Significant correlationg € 0.05) are shown in bold type

Discussion

Although microtopography has determined contrgsénvironmental conditions along
the wetland-upland gradient, our results show tti@iconstraining soil conditions imposed by
flooding are more important determinants for trpecses zonation and forest structure than
water shortage and soil chemical and textural ctariatics (see similar results in Pélissier et
al. 2002; Budke et al. 2007; Giehl and Jarenkow820Burthermore, the unpredictability of
flooding (characteristic in the studied wetlandspmpared to predictable flooding, is
particularly limiting for the establishment and dpment of most species because they have
limited adaptations to utilize environments subjiecthe variable frequency of these events
(Junk et al. 1989). In fact, almost all the trekthe wetlands are restricted to hummocks, which



34

are relatively well drained and subject to lessqdlent and durable flooding than the
surrounding areas (see also Teixeira et al. 2008).

The severity with which permanently waterloggeiisssubject to unpredictable flooding
limit the establishment of tree species demondgrdte importance of hummocks in
determining the density of the woody componentWs. Indeed, the wetland of the second
study area, where we observed the highest numbbkumimocks, presents also the highest
abundance of trees (99, vs. 66 of the other welldrte relatively high density of hummocks
in the two study areas determined a higher totasitie of trees in the wetlands than in the three
slope positions. However, these differences weraagsily due to a larger number of smaller-
sized trees in the wetlands (especially those @ktdtond diameter class or of the third height
class; see Table 2 and Figs. 2-3), which also pteddew large-sized trees compared to the
three slope positions. These patterns can bewtdkio the high mortality rates of big trees in
areas with waterlogged soils, culminating in thendwance of species with small basal areas
and heights (Ferry et al. 2010). The large quawfityclined and fallen trees that we observed
in the studied wetlands indicate that uprooting f@yhe most common mode of tree death in
FDWs. In these ecosystems, uprooting is probahblgea by low anchorage due to limited
production of roots in waterlogged soils as welbgghe high phosphorous availability (d2e
levels in Table 3) that may reduce the investmemoots (Toledo et al. 2012). In the uplands,
the larger-sized trees were recorded on the miditipes, where they are probably less
susceptible to uprooting. The soils of this MP astatively deep, present low levels of
phosphorous, and are not subject to waterlogging.

With regard to the species composition, we revephdterns that are also common to
other forested wetland (e.g., swamp forests in Allantic and the Amazon rainforests;
respectively, Teixeira et al. 2008; Pitman et 814, such as a high density of palms and a
lower species richness, diversity and equabilitthe wetlands than in the adjacent, well-
drained forests. The studied slope position, in,tahows quite similar richness (observed and
estimated) and biodiversity values, as well as latively uniform species composition,
reflected in the small number of indicator speaempared to the wetlands. However, the
species densities vary widely between the lower #ral upper slopes, probably as a
consequence of both variations in the environmerdalitions (especially the hydrological
conditions, directly related to the AVDWTs) and quetitive interactions. Therefore, by
influencing the surrounding upland forests divgrsihd structure (Previant and Nagel 2014;
especially those of the lower slopes, which presgtiie highest estimated richness), FDWs

should not be considered as only an impoverishesloreof these forests.
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The contrasting hydrological conditions from thethands to the upper slopes are directly
reflected in the species composition. In shortadisés along the wet-dry gradient, we sampled
rare and common species characteristics from wekfiarests and well-drained/shallow soils
of the region (e.g., Ruschel et al. 2007; SilvaleR007). In general, the species sampled are
not exclusive tgaboticabais but the absolute densities of some species cae\eral times
higher than that observed in other regional for@sts, Ruschel et al. 2007; Giehl and Jarenkow
2008), especially those recorded in the wetland$ ianthe lower slopes (e.gEugenia
subterminalisDC., Luehea divaricataPlinia peruviana Ruprechtia laxiflora Sebastiania
brasiliensis Syagrus romanzoffiafa Therefore, FDW$dboticabais can have a
disproportionately higher importance in the preagon of species that are under-represented
in other forest ecosystems (see also Previant ageaiN014).

Of all the species sampleBlinia peruvianais probably the only one with practically
restricted distribution to thgaboticabais being rarely sampled in forest inventories. For
example, in surveys carried out by Vibrans et 201¢, 2013) in the plateau of the Santa
Catarina state (93.6 ha sampled in 234 sites)atiteors found only four individuals with
diameter at breast height (dbh)L0 cm, which results in an estimate of only O.@&&$/ha.
Considering only the individuals with dizh10 cm in our study (42.5 trees/ha), the estimated
density of the species is 995 times higher. In Isttidied areas?linia peruvianais restricted
to the wetlands and to the lower and middle slopg®re we recorded the highest values of
AVDWT and the most acid and nutrient-poor soilse farrow environmental tolerances and
habitat specialization indicate tHalinia peruvianacan be threatened with extinction, once the
current preservation status of the FDWSs on thelSBuzilian Plateau is extremely delicate.

The singular species composition (and physiognafigjejaboticabaiscan be attributed
in part to the occurrence of dystrophic soils (elsgristic from areas with sediment deposition;
Budke et al. 2007), in a region where eutrophitssmiedominate (IBGE 1990). Apparently,
the plots of the upper slopes were establishetieatrainsition zone between dystrophic and
eutrophic soils (near or on the water divisors It topographic depressions), once base
saturation constantly increased from the lower edofpward the other upland sites, reaching
50% in the upper slopes of the second study arbarefore, all the upland sites studied
probably represent transition zones between the $@Wd the forest matrix. Previant and
Nagel (2014), studying vernal pools and the surdig forests in the Upper Peninsula of
Michigan, USA, identified a transition zone 31 ndeibetween the pools and the forest matrix,

a width close to the average length of the trassacthe uplands of our study (24.8 + 6.2 m).
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These findings suggest that the whole area ofdpegraphic depressions should be protected
at least until complementary studies propose prbpter zones.

Further studies should consider a wider rangeptdnd soil conditions in order to also
contemplate eutrophic soils, allowing a more dethidnalysis of species turnover. Similar
studies should also be conducted on other planfdifms, enabling the creation of integrated
biological criteria to guide policymakers decisianghe establishment of proper strategies of

restoration, management and preservation of tltbestiecosystems.
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Consideracoes finais

No presente estudo, n0s abordamos pela primeiraa\gizersidade e a estrutura do
componente arboreo em jaboticabais, relacionan@s-asriaveis ambientais ao longo de um
gradiente formado entre zonas Umidas depressifioastadas e terras firmes circundantes.

De modo geral, as espécies arbéreas amostradasanaexclusivas aos jaboticabais,
embora possam ser sub-representadas em outrosstraas. No entantd®linia peruviana
apresenta alta abundancia e ocorréncia praticamesitéa aos ambientes estudados, deixando
de ocorrer nas areas mais elevadas das depresgigaficas, 0 que torna evidente a
importancia dos jaboticabais na preservacao dedteoatras espécies.

Mostramos também que a composicdo e a estrutui@mponente arboreo diferem
principalmente entre areas sujeitas a alagamerdosas com solos distroficos bem drenados,
demonstrando que as caracteristicas ambientaisastarites das terras firmes estudadas
contribuem pouco para a estruturacdo das comursdadeelacao aos alagamentos. Contudo,
nossas consideracoes sao limitadas a solos distsofjue ocorreram das areas alagadas até as
areas circundantes proximas ou sobre os divis@egda das depressdes topograficas. Uma
vez que a saturacdo por bases das terras firmesngmumconstantemente de acordo com a
elevacdo do terreno, ha fortes indicios de queressé&le estudo sdo circundadas por solos
eutroficos, que predominam na regido. Portantteraas firmes estudadas provavelmente séo
zonas transicionais entre as zonas umidas depnass®a matriz florestal.

Nossos resultados sugerem que ao menos toda dawekepressdes topograficas deve
ser protegida até que novos estudos, contempland@ém solos eutréficos, sugiram zonas de
amortecimento apropriadas para a preservacao blotscabais. Contudo, estes estudos devem
abranger também outras formas de vida, o que peinut estabelecimento de medidas
preservacionistas baseadas em critérios biologitegrados, ao invés de medidas direcionadas
apenas para a preservacgao dos recursos hidricos.

Nossas observacdes de campo permitem sugerir qoemponente arboreo pode
representar uma parcela muito menor da diversidegletal nos jaboticabais do que representa
em outros ecossistemas florestais na regido. éssege principalmente a grande diversidade
de epifitos e de outras espécies herbaceas quemcoas zonas Umidas depressionais, que
podem ser ambientes muito heterogéneos. Em rebs@spécies herbaceas terricolas, nos
observamos distintas composicfes entre banhadopmaominio do componente herbaceo e
do componente lenhoso. Da primeira para a segumthgéo, ha a diminuicdo da luminosidade

no sub-bosque e o aumento da quantidade de mastibummocksna base das arvores, que
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criam condi¢gfes ambientais distintas das areasgpemtemente encharcadas do entorno. Essas
observacdes criam perspectivas futuras para tebtpdtese de que zonas Umidas depressionais
que apresentam estagios intermediarios de suceksagegetacdo lenhosa abrigam uma
guantidade maior de espécies herbaceas do quedmsnb@am predominio dos componentes

herbaceo ou lenhoso.



