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Resumo Geral

As formacbes campestres sdo de grande importancia para o provento de servigcos
ecossistémicos, além de contribuirem também para a cultura e histéria dos povos.
Entretanto, os campos estdo entre os ambientes mais afetados por transformacdo em
outros usos do solo. Um dos grandes desafios da restauracdo campestre em regides
tropicais e subtropicais esta na baixa resiliéncia de campos degradados, principalmente
devido a limitacdo de sementes. Para os campos no Sul do Brasil existem poucos
estudos sobre técnicas de introducdo de sementes na restaura¢cado dos campos. Assim,
a presente tese visa contribuir para o desenvolvimento de técnicas de restauragéo, com
um foco na introducdo de sementes. A tese esta estruturada em trés capitulos e um
apéndice. Os dois primeiros versam principalmente sobre a aplicacdo de feno para a
restauracdo de campos degradados por monocultivo de pinus e o terceiro apresenta
uma alternativa pratica utilizando barreiras fisicas para aumentar o incremento de
sementes em campo degradado. O apéndice consiste de um artigo tedrico-reflexivo que
versa sobre o atual cenério de exploragéo e conservagdo dos campos no Rio Grande
do Sul. No primeiro capitulo, em um experimento em blocos aleatorizados, nés
avaliamos os efeitos da remocao manual da serapilheira de pinus e da remo¢édo com
fogo, em comparacdo com parcelas controle sem remocdo bem como o efeito da
aplicacédo de feno. O fogo se demonstrou uma potencial ferramenta de manejo para a
remocao da serapilheira e controle do pinus, sobretudo quando consideramos grandes
areas a serem manejadas. O feno contribuiu para o retorno da vegetagéo nativa na area
degradada: diversas espécies encontradas na area referéncia se reestabeleceram nas
parcelas experimentais. No segundo capitulo nés avaliamos como a coleta de feno em
diferentes periodos do ano e a quantidade de feno aplicada nas parcelas afetaram a
comunidade vegetal campestre. Utilizamos feno coletado em trés momentos distintos
(Novembro, Janeiro, Fevereiro) e em duas quantidades distintos (500g/m2 e 100g/m2).
O feno coletado no meio da primavera e inicio do verao apresentou uma composicao
com dominio de espécies Cs; enquanto o feno do meio do verdo apresentou mais
espécies C., indicando que o periodo de coleta de feno importa para a composicdo
floristica da area em recuperacao. A quantidade menor de feno parece ser mais eficaz
para a riqueza e cobertura de espécies. Ocorreu uma estiagem durante o andamento
do experimento que afetou 0 desenvolvimento da vegetacdo, o que evidencia que mais
de um momento de insercdo de sementes na area degradada pode ser necessario no
caso de condi¢Bes climéaticas adversas. O terceiro capitulo avalia o potencial de
aumentar a chegada de sementes via armadilhas de sementes. Avaliamos toras de
Eucalyptus sp. alocadas sobre uma area campestre degradada. As toras funcionaram
como uma barreira fisica que interceptou as sementes que se dispersaram até o local.
Quanto mais proximo das toras, maior a cobertura e riqueza de espécies vegetais.
Ademais, as toras possivelmente funcionam como facilitadoras para a germinacao e
estabelecimento de espécies nativas campestres. O apéndice é composto por um artigo
gue versa sobre a percepc¢éo do estado de conservacdo dos campos do Pampa. Como
um todo, a tese fomentou o conhecimento acerca da eficacia da transferéncia de feno
como ferramenta de restauracdo nos campos do Pampa, destacou a importancia da
época e coleta de feno e apresentou uma alternativa de armadilha de sementes para
incrementar a chegada de sementes em campos degradados. Estudos futuros devem
expandir as técnicas apresentadas para grandes areas.



General Abstract

Grasslands are of great importance for the provisioning of ecosystem services, in
addition to contributing to the culture and history of human people. However, grasslands
are among the environments most affected by transformation into other land uses. One
of the great challenges of grassland restoration in tropical and subtropical regions is the
low resilience of degraded grasslands, mainly due to seed limitation. For grasslands in
southern Brazil few studies on seed introduction techniques in grassland restoration
exist. This thesis aims to contribute to the development of restoration techniques, with a
focus on the introduction of seeds. The thesis is structured in three chapters and an
appendix. The first two chapters evaluate the effects of hay transfer in the restoration of
grasslands degraded by pine monoculture. The third chapter analyses the potential of a
practical alternative to seed introduction: physical barriers to increase the increment of
seeds in degraded grasslands. The appendix consists of a theoretical-reflective article
that deals with the current scenario of exploration and conservation of grasslands in Rio
Grande do Sul state. In the first chapter, in a randomized block experiment, we evaluated
the effects of both manual removal and removal by fire of pine litter, compared to control
plots without removal, as well as the effect of hay transfer. Fire proved to be a interesting
management tool for litter removal and pine control, especially when considering large
areas to be managed. Hay contributed to the return of native vegetation in the degraded
area: several species found in the reference area re-established themselves in the
experimental plots. In the second chapter, we evaluated how hay harvest at different
times of the year and the amount of hay used in the plots affected grassland
development. We tested hay collected at three different times (November, January,
February) and in two different quantities (500g/m? and 100g/m?). The hay collected in
mid-spring and early summer showed a dominance of Cs species while the mid-summer
hay showed more C, species, indicating that the period of hay collection matters for the
floristic composition of the recovering area. The smaller amount of hay seems to be more
effective for species richness and coverage. A drought during the experiment affected
the development of vegetation, which shows that more than one moment of insertion of
seeds in the degraded area may be necessary in case of adverse weather conditions.
The third chapter evaluates the potential to increase seed arrival via seed traps. We
evaluated Eucalyptus sp. allocated over a degraded grassland site. The logs worked as
a physical barrier that intercepted the seeds that dispersed to the site. The closer to the
logs, the greater the coverage and richness of plant species. Furthermore, the logs
possibly function as facilitators for the germination and establishment of native grassland
species. The appendix consists of a paper that deals with the perception of the state of
conservation of the Pampa grasslands. As a whole, the thesis promoted knowledge
about the effectiveness of seed introduction, with main focus on hay transfer, as a
restoration tool in the Pampa grasslands. Future studies should be expanded to larger
areas, to evaluate these tecniques in real-life restoration situations.



Introducéo Geral

As formacbes campestres cobrem mais de 25% da superficie do planeta e
proveem servigcos ecossistémicos cruciais para manutencéo das diferentes formas de
vida (Torok et al. 2021). Todavia, estas formacfes estdo entre as mais afetadas por
transformag&o em outros usos do solo (Hoekstra et al. 2015) e, especialmente para os
campos subtropicais brasileiros, a protecdo a este ecossistema ainda esta
negligenciada nas politicas publicas (Overbeck et al. 2007). Os Campos Sulinos, no
extremo sul do Brasil, sGo compostos pelos campos da Mata Atlantica e as formagbes
campestres pertencentes aos Pastizales del Rio de la Plata, um ecossistema aberto,
gue se estende pelo Uruguai e Argentina (Soriano et al. 1992). A porcdo brasileira
destes pastizales, localizada na metade sul do Rio Grande do Sul (RS), é conhecida
como bioma Pampa (sensu IBGE 2019). Atualmente, este bioma é o menos protegido
do Brasil (Overbeck et al. 2015) e o que mais perdeu vegetacao nativa nos ultimos 36
anos proporcionalmente em relacéo ao total de sua area (MapBiomas 2021).

Dentre as principais causas de perda de habitat nativo pampeano estdo a
conversao para monocultivos como os plantios de arroz, milho, soja e também pinus,
para citar alguns exemplos (Vélez-Martin et al. 2015, Porto et al. 2021). Diferente de
biomas predominantemente florestais como a Mata Atlantica ou até mesmo os campos
de altitude desta formacéo, por exemplo, o Pampa néo possui legislacéo especifica que
regulamente seu uso ou preveja compensacdes no caso de conversdes. Dessa forma,
os elevados valores de conversdo do uso do solo podem ser uma consequéncia da
negligéncia legal (Overbeck et al. 2015; Porto et al. 2021). As estimativas de expansao
agricola apontam que até 2100 a proporcao de area coberta pela agricultura no Pampa
alcance 80,4% (Dobrovolski et al. 2011). Ademais, este bioma esta sub-representado
dentro de areas protegidas e ameacado ainda mais pela intensa converséo do solo nas
zonas de amortecimento (Ribeiro et al. 2021).

Além de sub-representado (apenas 0,6 % do Pampa estd dentro de areas
protegidas integralmente; Ribeiro et al. 2021) entende-se, atualmente, que proteger

7



areas conservadas ja ndo € suficiente para a manutencdo da biodiversidade (por ex.,
Hilderbrand et al. 2005; Gann & Lamb 2006). Frente a um cenario global de mudancas
climaticas, frear a conversao do solo e implementar iniciativas de restauracéo é crucial
para a manutengcdo da vida e dos servigos ecossistémicos dos quais todos
necessitamos.

A década 2021-2030 foi considerada pelas Nacbdes Unidas a ‘Década da
Restauragao dos Ecossistemas’ (UN, 2019) em reconhecimento a gravidade do nivel de
degradacdo dos ambientes nativos no planeta. A nivel nacional, O Plano Nacional de
Recuperacdo da Vegetacdo Nativa — PLANAVEG (MMA 2017), lancado adjunto a
Politica Nacional de Recuperagédo da Vegetacdo Nativa (Proveg) colocou como meta
recuperar 300.000 hectares no Pampa. No entanto, a restauracdo ecologica dos
Campos Sulinos bem como atividades de pesquisa sobre o tema € recente (Overbeck
et al., 2013), e, com poucas excecdes, faltam projetos maiores e politicas publicas que
visam a restaurar ecossistemas campestres. Ademais, ainda estamos muito distantes
da meta do Proveg devido, principalmente, a escassez de implementacdo de praticas
de restauracdo em grande escala para os campos. Ademais, ainda faltam dados e
mapeamentos das areas degradadas no bioma Pampa.

Na restauragdo ecologica, € imprescindivel que se identifique a causa da
degradacéo, € através deste diagnéstico inicial que se inicia o planejamento das acdes
a serem tomadas. Os usos agricolas dos campos, como 0s monocultivos, afetam a
estrutura do solo (e.g. alteracdes fisicas e quimicas, danos no banco de sementes).
Estes disturbios, tidos como exdgenos, ocasionam uma diminui¢cdo na resiliéncia destes
ecossistemas que, ao longo dos milhares de anos, evoluiram através da alocagéo de
estruturas vegetativas subterrdneas como bulbos, xilopodios e sistemas radiculares
extensos (Buisson et al. 2019). As invasdes bioldgicas, outro fator de degradacao,
descaracteriza a estrutura da comunidade vegetal campestre de modo que seus efeitos
sdo acentuados com o passar do tempo em funcdo do aumento da abundéancia da
invasora (e.g. Abreu et al. 2011; Cezimbra et al. 2021). Nessa perspectiva,
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frequentemente, se faz necessaria a restauracao ativa dos campos com intervencdes
continuas ao longo do tempo, pois a comunidade natural tem baixa resiliéncia (Buisson
et al. 2019; Nerlekar & Veldman 2020). Por outro lado, atividades pastoris geralmente
causam menores danos, como por exemplo um campo nativo degradado devido a
pecuaria mal manejada pode ser remediado mais facilmente através do pastoreio
rotativo (Boavista et al. 2019) e/ou diferimento (Fedrigo et al. 2018). Nesse sentido, cada
tipo de degradacao vai requerer técnicas distintas, ou uma combinagdo de técnicas
(ativas ou passivas), gue definirdo e conduzirdo o planejamento da restauracao (Guarino
et al. 2022 in press).

Em regibes de clima temperado, atividades de pesquisa sobre restauragéo
ecoldgica sdo realizadas hd muito mais tempo do que no Brasil, e técnicas como
semeadura direta, transferéncia de feno e topsoil e transplante de leivas sdo alguns
exemplos de préticas utilizadas para a recuperacgéo destas formacdes (Kiehl et al. 2010;
Klimkowska et al. 2010; Rydgren et al. 2010). Existem poucos estudos sobre técnicas
de introdugéo de sementes na restauragdo dos campos do Sul do Brasil, e nem sempre
os diferentes estudos convergem em relacdo aos achados principais acerca da
recuperacdo da vegetacdo nativa: Thomas e colaboradores (2019a, 2019b) néo
encontraram efeito significativo acerca da aplicacéo de feno, rocada e semeadura direta
em campos abandonados (Thomas et al. 2019a) e degradados por Urochloa decumbens
(Stapf) R.D.Webster (Thomas et al. 2019b). Os pesquisadores salientam que o feno
pode ser uma técnica eficaz, mas que mais estudos sobre a melhor época de colheita e
gquantidade adequada devem ser mais explorados. Dessa forma, ainda ndo podemos
fazer generalizacdes acerca da eficicia da técnica para os campos do Pampa.

A limitacdo de sementes na restauracdo dos campos pode ser causada pela
remocdo da vegetacdo original que, consequentemente, leva a perda das estruturas
abaixo do solo, tornando assim o restabelecimento de espécies nativas um desafio
(Buisson et al. 2019). Ademais, estudos realizados em campos temperados sugerem
que as espécies campestres podem apresentar um baixo potencial de dispersao (Kiehl
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et al. 2010). Associado a fragmentacdo de habitats (Yan et al. 2022) e condic8es fisicas
e quimicas do solo degradado (Mudrak et al. 2022) estes fatores podem colaborar para
os desafios encontrados durante o processo de restauracdo campestre.

A tese aqui apresentada visa contribuir para o desenvolvimento de técnicas de
restauracao, com um foco na introducéo de sementes. A tese possui trés capitulos, cada
um desenvolvido com base em experimentos Unicos e com base de dados préprios,
abordando aspectos especificos da introducdo de sementes na restauracdo ecoldgica
e com objetivos especificos préprios dentro do objetivo geral da tesem seguido por
conclusdes gerais. Apos os capitulos e conclusdes gerais, que juntos compdem o corpo
da tese, seguem um apéndice, com um outro artigo publicado pela autora da tese como
primeira autora durante o periodo do trabalho na tese, e um anexo, com uma lista das

demais atividades académicas desenvolvidas no periodo.

Objetivo geral
Contribuir para o conhecimento sobre a introducdo de espécies nativas via
sementes na restauracdo de ecossistemas campestres, com base em

experimentos realizados em diferentes situacdes de degradacao.

Obijetivos especificos

= Capitulo 1: avaliar a eficacia da transferéncia de feno para a restauracédo da
comunidade vegetal de campos costeiros degradados pelo monocultivo de pinus
(Pinus elliottii Engel.) combinado a remog¢é&o da serapilheira de maneira manual
e com fogo.

= Capitulo 2: analisar qual o melhor periodo para a coleta de feno bem como qual
a quantidade (g/m?) mais adequada para o estabelecimento da comunidade de
plantas nativas sobre campos costeiros degradados pelo monocultivo de pinus

(Pinus elliottii Engel.).
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= Capitulo 3: reportar um registro de um caso de armadilha de sementes para a
restauracdo de campo degradado. A partir desse registro discutir a importancia
da diversidade de técnicas para a restauracdo dos campos em um cenario de
baixa disponibilidade de sementes nativas a venda.
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Pinus plantations create strong ecological legacies that persist after their removal. We evaluated the effectiveness of pine litter
removal (manually or through controlled burns) and hay application for the restoration of South Brazilian coastal grasslands
degraded by pine plantations. We installed the experiment 1 year after cutting trees and sampled the vegetation 3 months,
1 year, and 2 years after initiating the experiment. We used generalized linear mixed model to assess treatment effects on plant
cover, richness, and pine reestablishment. We used nonmetric multidimensional scaling and indicator species analysis to eval-
uate changes in species composition over time and in the association of individual species with treatments and reference area.
Species richness and vegetation cover did not differ between manual and burn treatments but were higher than in the control.
Hay application enhanced vegetation cover by the end of the experiment in all treatments. Hay application enhanced richness
initially, but after 2 years the effect persisted only in the burn treatment. Burned plots showed less pine establishment than plots
with manual litter removal. Hay-addition plots contained indicator species present in the reference area. Our results suggest
that passive restoration (i.e. only cutting of pine) is not sufficient to restore grasslands altered by afforestation, as residual pine
litter constrains the reestablishment of native vegetation. In addition to the benefits of litter removal, our results indicate that
hay transfer can overcome seed limitation of grassland species and burning can reduce recolonization by pine.

Key words: alien species invasion, ecological legacies, environmental filter, fire, open ecosystems, Pampa

et al. 2008). They also can create strong ecological legacies after
tree removal due to litter accumulation (Brewer et al. 2018). Due
to their high C/N ratio and lignin content, pine needles degrade
slowly, and effects may be long-lasting (Taylor et al. 1989).
Residual litter acts a physical barrier, inhibiting germination
and establishment of native grassland species (Navarro-Cano
et al. 2010). Removal of pine needles has been suggested to
promote restoration (Navarro-Cano et al. 2010), but the context
in which different types of removal are effective remains unclear
(Zanzarini et al. 2019).

In addition to the lack of appropriate microsites, the
availability of seeds may also limit the recruitment of native
plants (Eriksson & Ehrlén 1992), especially in highly degraded
landscapes. Direct sowing, hay or topsoil transfer, and turf trans-
planting have been used successfully to overcome seed limita-
tion, especially in temperate grasslands (Kiehl et al. 2010;
Klimkowska et al. 2010; Rydgren et al. 2010), and are

Implications for Practice

e Passive restoration is not sufficient to restore former grass-
lands degraded by pine plantations because the thick layer
of residual litter prevents species establishment. Plots
where litter remained had little vegetation cover and few
native species but higher numbers of pine seedlings.

e Both removal methods by burns and manual removal
were effective but burning led to higher vegetation cover
and reduced reestablishment of pine.

e The combination of litter removal and hay application max-
imized the establishment of native species. Comparisons
with the species composition of a reference grassland
suggest that hay transfer can overcome seed limitation.

Introduction

Around the globe, plantatlons of exotic pnes are a threat to Author contributions: MAPFP, GEO conducted the study design; ABP, MAPFP, GEO

biodiversity due to the high risk of invasion into natural areas
(Cuevas & Zalba 2010; Simberloff et al. 2010). Furthermore,
pine plantations reduce native soil seed and bud banks,
hindering the potential for natural recovery (Basto et al. 2020;
Vieira & Overbeck 2020; Ferraro et al. 2021). Pine plantations
can also negatively affect ecosystem processes and services,
including nutrient cycling, groundwater storage, and river
discharge (Gyenge et al. 2002; Farley & Kelly 2004; Huber

collected the data; APB, LdSR analyzed the data; ABP, MAPFP, GEO wrote the
original draft; ABP, LdASR, GEO wrote, edited, and reviewed the manuscript.

'Universidade Federal do Rio Grande do Sul, Porto Alegre, RS 91501-970, Brazil
2Address correspondence to A. B. Porto, email aanaporto@gmail.com
3Universidade Federal do Rio Grande, Rio Grande, RS 96203900, Brazil

© 2022 Society for Ecological Restoration.

doi: 10.1111/rec.13773

Supporting information at:
http://onlinelibrary.wiley.com/doi/10.1111/rec.13773/suppinfo

Restoration Ecology

10f 10


https://orcid.org/0000-0001-7763-013X
https://orcid.org/0000-0003-2310-2619
https://orcid.org/0000-0002-8716-5136
mailto:aanaporto@gmail.com

Restoration of southern Brazilian grasslands

increasingly used in Brazilian savannas (Giles et al. 2021).
However, these techniques have not been much assessed so far
in grasslands in Brazil. Hay transfer has been tested in subtrop-
ical grassland (Thomas et al. 2019a; Thomas et al. 2019b),
campo rupestre (Le Stradic et al. 2014), and Cerrado savannas
(Pilon et al. 2018), but with low success, possibly due to adverse
microsite conditions, nutrient-poor soils, or shading by hay.
However, the scarcity of available studies precludes generaliza-
tions on the effectiveness of hay transfer.

(A) =

We evaluated the effectiveness of pine-litter removal (via fire
or manually) and hay transfer to restore coastal grasslands in
southern Brazil after degradation by Pinus elliottii Engelm
monocultures. We hypothesized that litter removal would facil-
itate the return of native vegetation, as in other open ecosystems
(Zanzarini et al. 2019). As fire, a natural disturbance in tropical
and subtropical grassy ecosystems (e.g. Pivello et al. 2021)
modifies natural resources, e.g. by changing the availability of
nutrients (Cutler 1979; Francos & Ubeda 2021), we expected
that burned and unburned plots would develop distinct species

Figure 1. The study area and examples of experimental plots at Lagoa do Peixe National Park/South Brazil in the third sampling (year 2019). (A) The reference
area; (B) the landscape around the study site (corresponding to the control treatment); (C) a 1 x 1 —m plot without removal of pine litter; (D) a plot with manual

litter removal; and (E) a plot with litter removal by burning.
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compositions. Additionally, we hypothesized that burning
would reduce reestablishment of pine by consuming seeds
stored in the litter layer. Finally, we expected that by over-
coming seed limitations, hay transfer would increase species
richness and vegetation cover.

Methods

Study Area and Experimental Design

The study was conducted in Lagoa do Peixe National Park
(—31.254918°S, —50.970841°W), a protected area in the
coastal plain of southern Brazil. Climate is Koppen’s Cfa
(Peel et al. 2007). The mean annual temperature is 18—-19°C
and the mean annual rainfall is 1,500-1,700 mm (Alvares
et al. 2013). Grasslands in the coastal plain are dominated
by perennial C4 grasses (Menezes et al. 2015). Like southern
Brazilian grasslands in general, they developed under the
influence of fire and grazing; today, most areas are used for
livestock raising which is compatible with biodiversity

maintenance when stocking rates are adequate (Baggio
et al. 2021). Species richness of coastal grasslands is lower
compared to other regions of southern Brazil, but species
composition is unique (Andrade et al. 2019). At the experi-
mental site (—31.065815°S, —50.804949°W), pine (Pinus
elliottii Engelm) had been planted approximately 30 years
ago in natural grasslands on sandy substrate. In 2016, all trees
were cut and all wood was removed. Since then, without any
restoration activity, a homogeneous and dense layer of pine
litter (approximately 10 cm) remained, and pine trees started
to reestablish.

The installation of our experimental plots, the controlled
burns, and the collection and application of hay were conducted
in February 2017 (a few months after pine cutting), late summer
in the southern hemisphere. In part of the area where the trees
had been cut in the previous year, we installed six blocks with
six 4 X 4-m experimental units each (Fig. S1). Experimental
units were separated by 1-m, untreated buffers. In a two-factor,
completely randomized design, we assigned each experimental
unit to one of three pine-litter removal treatments (no litter
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Figure 2. (A) Vegetation cover and (B) richness species (pooled data from three 1-m? sampling units per treatment) in experimental plots representing different
litter-removal and hay addition treatments. Separate panels show data for 3 (May 2017), 12 (March 2018), and 24 (January 2019) months after treatment.
Treatment codes are C = control, M = manual, and B = burn. Horizontal bars indicate significant differences among removal treatments; pink asterisks indicate
significant differences between hay transfer treatments (pairwise contrasts). Level of significance is coded as *p = 0.05, **p = 0.01, and ***p = 0.001; ns,
nonsignificant: >0.05). Note that for cover, the scale of the y-axis varies among panels. The boxplots represent the distribution of data. The central bold line is the
median (50th quantile), inferior boxline is the 25th quantile, superior boxline is the 75th quantile, and whiskers represent minimum and maximum values.
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removal [control], manual removal, and removal by con-
trolled burning [hereafter burn]) and to one of two hay appli-
cation treatments (addition of hay or not) (Fig. S1).
Controlled fires were conducted using a drip torch and man-
ual litter removal was achieved with rakes and shovels. Hay
was collected from a native grassland area considered as a ref-
erence and used for comparison with the experimental results.
It was located approximately 2 km from the experimental site

ns ns

*x ns

*o *

o
-
o

Pinus elliottii ind./16 m2
(4]
(4]

J O B =

(—31.057157°S, —50.810885°W) on similar topography and
it had not recently experienced grazing. Hay was cut with a
brush cutter, collected manually, and dried protected from
wind and weather. After drying, hay was homogenized and
12 kg were applied to each plot (equivalent to 750 g/m?;
Kiehl & Wagner 2006), shortly after litter removal. This
resulted in a thin layer of hay that did not cover the entire
experimental plot and did never exceed 2 cm in thickness.

24 Time (months)
ns
ns ns

ns *x

Hay transfer
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ES Present

Litter removal

C M B
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Figure 3. Density of Pinus elliottii individuals in the 16-m? experimental units, (A) 12 months and (B) 24 months after treatments. Separate panels show data for
12 (March 2018) and 24 (January 2019) months after treatment. Treatment codes are C = control, M = manual, and B = burn. Horizontal bars indicate significant
differences among removal treatments; pink asterisks indicate significant differences between hay transfer treatments (pairwise contrasts). Level of significance is
coded as *p = 0.05, **p = 0.01, and ***p = 0.001; ns, nonsignificant: >0.05). The boxplots represent the distribution of data. The central bold line is the median
(50th quantile), inferior boxline is the 25th quantile, superior boxline is the 75th quantile, and whiskers cover minimum and maximum values.

0.50-

AchySat
IscMin

RhyRug

CypRet Sampling month
o (after start of experiment)
o 3
@ 2
JucPall
® =

Treatment

®—® Control
®—® Control + Hay

Manual

StyLei  ChasUny

ChaGrac AndSell

G:
Xyrdup

0.25-

0.00-

NMDS2

Manual + Hay
Pinus ®—® Bun

&

@®—@ Burn + Hay

-0.25-

Reference area

—Ol2b 0.00 0.26 0.‘50
NMDS1

Figure 4. Nonmetric multidimensional scaling (NMDS) of vegetation recovery illustrating compositional variation among litter-removal and hay addition
treatments 3, 12, and 24 months after application of the treatments. The circles represent the treatment centroids. Species centroids are shown as seven-letter
codes: Achyrocline satureioides (AchySat); Andropogon selloanus (AndSell), Chaetogastra gracilis (ChacGrac), Chascolytrum uniolae (ChasUni), Conyza
bonariensis (ConBona), Cyperus haspan (CypHasp), Cyperus reflexus (CypRef), Desmodium adscendens (DesAdsc), Drosera brevifolia (DroBrev), Erechtites
hieracifolius (EreHie), Gamochaeta argentina (GamArg), Gamochaeta filaginea (GamFil), Gamochaeta simplicaulis (GamSimp), Hydrocotyle bonariensis
(HydBon), Ischaemum minus (IscMin), Juncus microcephalus (JunMicro), Juncus pallescens (JunPall), Pinus elliottii (Pinus), Rhynchospora rugosa (RhyRug),
Rhynchospora tenuis (RhyTen), Senecio heterotrichius (SenHet), Stylosanthes leiocarpa (StyLei), and Xyris jupicai (XyrJup). Stress = 0.22.
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Table 1. Indicator species occurring in experiment plots for the different treatments of pine (Pinus elliottii) litter removal and hay transfer, integrating results
from the three sampling times. IV, indicative values. Level of significance is coded as *p = 0.05, **p = 0.01, and ***p = 0.001.

Sampling Species\Treatment v Control Control Hay Manual ~ Manual Hay Burn Burn Hay

3 months (May 2017) Conyza bonariensis 0.816 * *
Cyperus haspan 0.902 o Hk
Gamochaeta sp. 0.958 HA oAk HAK
Senecio heterotrichius 0.861 * * * *
Xyris jupicai 0.831 * *

12 months (March 2018) Chascolytrum uniolae 0.933 HE HkE HkE
Conyza bonariensis 0.764 * *
Desmodium adscendens 0.955 HAE
Dichanthelium sabulorum  0.819 * * * *
Gamochaeta argentina 0.945 HokE Hokk
Juncus microcephalus 0.963 HkE Hkx wkE HkE
Senecio heterotrichius 0.913 Hk HE Hk Hk
Xyris jupicai 0.830 * *

24 months (January 2020)  Achyrocline satureioides 0.816 Hk
Andropogon selloanus 0.764 * * * *
Chaetogastra gracilis 0.641 *
Chascolytrum uniolae 0.931 HkE HkE
Cyperus obtusatus 0.645 * *
Cyperus reflexus 0.929 Hk Hk Hk Hk
Cyperus trigynum 0.956  ** Hk woE o Hk
Desmodium adscendens 0.935 HkE HkE
Dichanthelium sabulorum  0.871 * * * * *
Drosera communis 0.913 HAE
Erechtites hieracifolius 0.780 Hok Hok Hk wok
Eryngium elegans 0.671 *
Gamochaeta filaginea 0.799 Hk Hk
Gamochaeta simplicaulis 0.843 Hk
Hydrocotyle bonariensis 0.776  * * *
Ischaemum minus 0.906 Hk Hk
Juncus pallescens 0.811 * * * *
Pinus elliottii 0.824  ** Hok
Rhynchospora rugosa 0.793 * * *
Rhynchospora tenuis 0.729 *
Stylosanthes leiocarpa 0.764 Hk
Xyris jupicai 0.866 Hk woE o Hk

Vegetation Sampling

Vegetation was sampled three times: 3 months (May 2017),
12 months (March 2018), and 24 months (January 2019) after
burning and hay application. Species were identified to the
lowest taxonomic level possible, and cover was estimated in
three permanently marked plots of 1 m? within each experi-
mental unit, using the Londo (1976) decimal scale that mea-
sures plant cover in 10% classes (class mid-points
transformed into percentage cover were used for analyses).
We also counted all pine individuals in the plots. Community
composition in the reference area was assessed in 20 plots of
1 x 1 m distributed throughout the reference site, prior to
hay collection in February 2017.

Data Analysis

Generalized linear mixed models were constructed to evaluate
the effects of treatments (litter removal and hay transfer) and
time on response variables. Litter removal, hay transfer, and
time were considered fixed factors with three, two, and three

levels, respectively, including the interactions between them.
The six blocks were incorporated as a random effect in models.
The first response variable was vegetation cover which numbers
vary between 0 and 1 (0-100%), making the beta distribution a
natural choice (through beta regression; Cribari-Neto &
Zeileis 2010). The second response variable was count data for
richness which was described by Poisson distribution. Poisson
distribution was also used for third response variable, the count
data of number of pines. Values of vegetation cover and richness
were sampled in each of 1 m? triplicate, meanwhile the number
of pines was assessed in each experimental unit. This means
that for first two variables the total number of sampling units
were: 2 (litter removal) x 3 (hay transfer) x 3 (times) x
6 (blocks) x 3 (triplicates) = 324. In case of number of pines
the time was limited to only two levels (12 and 24 months)
and a single sample per experimental unit, resulting in 2 (litter
removal) X 3 (hay transfer) x 2 (times) X 6 (blocks) X
1 (sample) = 72 samples. It is noteworthy that the same experi-
mental units were assessed over time, leading to autocorrelation
in response variables. At this point we also incorporated a
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Figure 5. Species presence and cover 24 months after start of the experiment in the reference area and litter removal treatments. Only species with mean cover
exceeding 0.5% in a treatment or reference site are shown. Species are ordered by occurrence in the reference area or, if absent from the reference area, in the burn

treatment. For full species names see Table S14.
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covariance structure in models thought a first-order autoregres-
sive structure with homogenous variances. Where treatments
or treatment interactions were significant, we used a Tukey’s
post hoc tests to compare levels of each factor, using an alpha
level of 0.05 to assess significance.

We also produced a nonmetric multidimensional scaling
(NMDS) ordination through the Hellinger dissimilarity matrix
to evaluate the community composition under the treatments
(litter removal and hay transfer) and their development over
time. To show this development process, only centroids were
plotted linked to others by a straight line representing the time
(only two dimensions of NMDS with stress up to 0.25 was con-
sidered satisfactory). For multivariate analysis, the treatments
were separated in six levels: control, control + hay, manual,
manual + hay, burn, burn + hay. Additionally, a permutational
multivariate analysis of variance (PERMANOVA) under
999 permutations was used to test whether community composi-
tion differed among the six aforementioned fixed factors for
each time. Tests of multivariate homogeneity of group disper-
sions (PERMDISP) were implemented to ensure that differences
in community composition were attributable to differences in
treatment centroids, not to differences in within-group variation
(Anderson 2001). Pairwise tests were also implemented with
Bonferroni p-values correction and alpha level of 0.05 to assess
significance.

We use the indicspecies package—multipatt function (Caceres &
Legendre 2009). This function returns an [Vmax and the p-value as
a result. We used this analysis to assess the degree of association
of individual species with all treatment combinations for each
sampled period (not including data from the reference area).
Additionally, we compared the vegetation cover percentage in
each of the three litter removal treatments at 24 months with the
reference area. All analyses were performed in R Statistical
Environment (R Core Team 2021).

Results

Litter removal (Fig. 1) and hay transfer significantly affected
plant community development (Tables S1 & S2; Fig. 2).
Vegetation cover (Tables S3 & S4) and species richness
(Tables S5 & S6) increased over time in our treatments, and
were always (i.e. with and without hay transfer and at all
sampling dates) significantly higher in litter-removal than in
control plots (Fig. 2). Burn plots had higher vegetation cover than
manual-removal plots after 24 months, but species richness did
not differ between removal methods (Fig. 2). Compared to
the control, hay transfer led to increased vegetation cover, irre-
spective of litter treatment. The effect was detected by 12 months
in control and burned plots and by 24 months in manual-removal
plots. Hay transfer significantly increased species richness in
burned plots at all sampling dates; in manual removal plots after
3 and 12 months; and in control plots after 12 months, but not
after 24 months (Fig. 2). Thus, the positive effect of hay addition
on richness persisted only in the burn treatment.

Both types of littler-removal plots had fewer recruiting pines
than did control plots and, after 24 months, burned plots had
fewer pines than manual removal plots (Table S7; Fig. 3). Hay

transfer also led to significantly lower pine recruitment, but not
in burned plots where recruitment was consistently low
(Tables S8 & S9; Fig. 3).

The NMDS (Fig. 4) indicated that trajectories of control plots
overall took a different course than those with restoration treat-
ments even when pine is excluded from the analysis (Fig. S2).
The PERMANOVA indicated significant differences in compo-
sition among nearly all treatments at all sampling dates
(Tables S10-S12). Composition of the control plots always
differed from that of the removal plots (Table S13).

The number of indicator species increased over time, consis-
tent with the increase in species richness and gradient in vegeta-
tion development among treatments. The few indicator species
after 3 months were from the families Asteraceae and Cypera-
ceae (Table 1). Twelve months after the start of the experiment,
Chascolytrum uniolae (Nees) L. Essi, Longhi-Wagner & Souza-
Chies, a frequent species in the reference area, appeared as indi-
cator species in plots that received hay, even those without litter
removal. After 24 months, several species from the reference
area started to occur in the experimental plots with hay and were
identified as indicator species (Table 1; Fig. 4). Ischaemum
minus J. Presl was indicated only for hay transfer and litter
removal treatments. Desmodium adscendens (Sw.) DC. and
Stylosanthes leiocarpa Vogel are examples of species indicated
by the analysis as representative of plots that received hay
and had their litter removed.

Comparison of species’ presence and cover among litter-
removal treatments and the reference area indicates that, after
24 months, most reference-area species established in the
litter-removal plots, although at much lower abundance
(Fig. 5). Prostrate species, like D. adscendens and Dichanthe-
lium sabulorum (Lam.) Gould & C.A. Clark were especially
abundant in the treatment plots (Table S14 for full floristic list).

Discussion

Our study demonstrates that litter removal is an essential first
step for restoring southern Brazilian coastal grasslands degraded
by pine afforestation. Additionally, our results indicate that hay
transfer can contribute to the recovery of native grassland vege-
tation. This second finding is noteworthy because previous stud-
ies (e.g. Le Stradic et al. 2014; Pilon et al. 2018; Thomas
et al. 2019a) did not find positive effects of hay transfer for res-
toration in Brazilian grasslands. The best timing or mode of seed
collection and transfer, and the adequate quantity of hay applied
are not well understood for many grassland ecosystems in the
tropics and subtropics, which may lead to contrasting results in
different studies. Further studies of hay collection and transfer
are warranted. Finally, our results highlight the use of fire as
an important tool in restoration, in this case for the control of
pine, a problematic non-native invasive species in tropical and
subtropical regions (Durigan et al. 2020). Overall, our results
clearly indicate that passive restoration is not sufficient to
reverse the degradation of coastal grasslands that have been
converted to pine plantations, evidenced not only by the very slow
vegetation development in control plots, but also by the rapid
recruitment of pine where the litter layer was not removed.
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Our study reinforces that pine litter acts as a strong environ-
mental filter sensu stricto (Kraft et al. 2015), preventing almost
entirely the establishment of native species from the reference
community and thus strongly influencing community assembly
(see da Silveira et al. 2022 for a description of natural plant com-
munities in the region). The few species that established without
litter removal had very low abundances, even 2 years after hay
transfer, indicating that not removing litter severely limits the
return of native vegetation in southern Brazilian coastal grass-
land sites impacted by pine plantation. Importantly, manual litter
removal was not as effective as burning in preventing the rees-
tablishment of pine seedlings. Nonetheless, even with burning,
the slow rate of reestablishment indicates that ongoing removal
of seedlings may be needed to ensure successful restoration.

Not only did litter removal promote colonization of the
degraded area by native species, but vegetation development
was enhanced by hay transfer. The benefits for species richness
were clear in manual removal and burn plots after 3 and
12 months, respectively, but diminished by 24 months. Hay
transfer enhanced vegetation cover after 12 months in the
burned treatment and after 24 months in the manual removal
treatment. As revealed by the indicator species analysis, the
legumes Desmodium adscendens and Stylosanthes leiocarpa
and the grasses Chascolytrum uniolae and Ischaemum minus,
all part of the reference community, were likely introduced
by hay. Plots that received hay had compositional trajectories
that differed considerably from those of plots without hay. In
the latter, species from the Cyperaceae and Juncaceae were
more important. Vegetation cover remained significantly
higher, especially in the treatment where litter had been
removed by burning: apparently, burns led to overall better
vegetation growth in comparison to manual removal. Clearly,
our study site suffered from seed limitation. As the species
mentioned above reproduced in our study plots after 1 year,
we cannot rule out that the lack of effect in plots with manual
removal in the second year already is result of local seed
dispersal and establishment during the experiment, that is, of
success of hay transfer. We specifically observed that prostrate
species, such as, D. adscendens, that are able to spread over
large areas established high cover, also producing large
amounts of seeds.

Previous studies on hay transfer in grassland restoration in
Brazil suggest that the lack of success may be associated with
soil conditions of the degraded area: native species may need
more favorable conditions (e.g. suitable soil) to establish than
those found at the degraded site (Le Stradic et al. 2014; Pilon
et al. 2018; Thomas et al. 2019a). However, our study was con-
ducted in the sandy coastal plain where environmental condi-
tions are generally stressful due to low soil moisture and
nutrient content (Ernst 1985), which possibly means that plant
species from the regional species pool are rather tolerant to con-
ditions considered adverse in other regions, such as open sandy
soil, and that conditions were, in fact, not limiting in our case.
The effectiveness of hay transfer may also depend on the timing
of hay collection, quantity of hay transfer, and climatic condi-
tions at the time of deposition. Clearly, further studies are

needed that evaluate the importance of timing and volume of
hay transfer.

Fire was slightly more effective for the development of vege-
tation cover, as also found by Zanzarini et al. (2019). Manual
removal of litter over large areas is unfeasible due to high costs,
in contrast to fire which can be applied in controlled burns. Our
study used controlled burns only for litter removal; the vegeta-
tion that established itself after the intervention of the experi-
ment did not receive fire. As small Pinus elliottii individuals
have low tolerance of fire (Monk 1968), periodic burning could
also be considered to control ongoing invasion. Further studies
are needed to assess the frequency of prescribed fire needed to
achieve both pine control and grassland reassembly (see also
Buisson et al. 2021).

This first study of restoration of coastal grasslands in southern
Brazil provides clear evidence that litter removal and hay trans-
fer can lead to recovery of native vegetation following removal
of pine plantations. Future studies of hay transfer should focus
on timing of hay collection and application and its implemen-
tation over larger areas, for instance through nucleation,
e.g. “hay islands” distributed in degraded sites (Boanares &
de Azevedo 2014). Long-term monitoring is also needed to
assess both the degree of plant community recovery and the
vulnerability of restored sites to pine reinvasion.
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Figure S1. The experimental design in the restoration experiment at Lagoa do Peixe National Park/South
Brazil. The experiment is a randomized, complete-block, two-factor design that tests removal of pine litter,
with three levels (control — i.e. no litter removal, manual removal, and removal by controlled burn), and hay
application (hay added or not). There were six blocks in total with three sampling units each. Within each

experimental block, treatments were assigned randomly.
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Figure S2. Non-metric multidimensional scaling (NMDS) of vegetation recovery without Pinus elliottii
illustrating compositional variation among litter-removal and hay addition treatments 3, 12, and 24 months

after application of the treatments. The circles represent the treatment centroids. Stress = 0.25.
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Table S1. Analysis of deviance table (Type Il Wald chi-square tests) for vegetation cover.

Chisg Df Pr(>Chisq)

hay 26.587 01 <0.0001
litter 266.847 02 <0.0001
time 92.715 02 <0.0001
hay:litter 74.662 02 <0.0001
hay:time 33.027 02 <0.0001
litter:time 21.105 04 <0.0001
hay:litter:time 42.893 04 <0.0001
residual 303

total 323

Table S2. Analysis of Deviance Table (Type Il Wald chisquare tests) for species richness.

Chisq Df Pr(>Chisq)

hay 40.273 01 <0.0001
litter 266.494 02 <0.0001
time 37.920 02 <0.0001
hay:litter 7.887 02 0.008
hay:time 9.861 02 0.004
litter:time 13.457 04 0.003
hay:litter:time 5.299 04 0.186
residuals 303

total 323

Table S3. Tukey’s post hoc test for pairwise comparisons of effect of litter removal treatments on vegetation

cover.
time = 3, hay = absent

contrast estimate SE tratio p.value

control - manual  -1.504 0.332 -4.53 <0.0001

control - burn -1.735 0.327 -5.302 <0.0001

manual - burn -0.231 0.317 -0.728 0.7473
time = 12, hay = absent

contrast estimate SE tratio p.value

control - manual  -1.596 0.313 -5.099 <0.0001

control - burn -1.186 0.322 -3.684 0.0008

manual - burn 0.41 0.296 1.385 0.3499
time = 24, hay = absent

contrast estimate SE tratio p.value

control - manual  -1.687 0.304 -5.554 <0.0001

control - burn -1.027 0.315 -3.259 0.0036

manual - burn 0.661 0.274 2.415 0.043
time = 3, hay = present

contrast estimate SE tratio p.value

control - manual  -1.354 0.336 -4.028 0.0002

control - burn -2.231  0.32 -6.962 <0.0001

manual - burn -0.877 0.315 -2.785 0.0157
time = 12, hay = present

contrast estimate SE tratio p.value
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control - manual -2.35 0.321 -7.327 <0.0001
control - burn -2.975 0.314 -9.464 <0.0001
manual - burn -0.624 0.277 -2.252 0.0644
time = 24, hay = present
contrast estimate SE tratio p.value
control - manual -3.524 0.315 11.203 <0.0001
control - burn -5.645 0.361 15.647 <0.0001
manual - burn -2.121 0.3 -7.068 <0.0001




30 Table S4. Tukey’s post hoc test for pairwise comparisons of effect of hay transfer on vegetation cover.

time = 3, litter = control
contrast estimate SE tratio p.value
absent - present 0.03758 0.338 0.111 0.9114
time = 12, litter = control
contrast estimate SE tratio p.value
absent - present 0.75045 0.338 2.219 0.0272
time = 24, litter = control
contrast estimate SE tratio p.value
absent - present 0.86496 0.338 2.562 0.0109
time = 3, litter = manual
contrast estimate SE tratio p.value
absent - present  0.1873 0.329 0.57 0.5692
time = 12, litter = manual
contrast estimate SE tratio p.value
absent - present -0.0036 0.287 -0.012 0.99
time = 24, litter = manual
contrast estimate SE tratio p.value
absent - present -0.9716 0.259 -3.753 0.0002
time = 3, litter = burn
contrast estimate SE tratio p.value
absent - present  -0.4588 0.303 -1.516 0.1307
time = 12, litter = burn
contrast estimate SE tratio p.value
absent - present  -1.038 0.288 -3.607 0.0004
time = 24, litter = burn

contrast estimate SE tratio p.value

absent - present  -37.532 0.322 11.662 <0.0001

31
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34

Table S5. Tukey’s post hoc test for pairwise comparisons of effect of litter removal on species richness.

time = 3, hay = absent

contrast estimate SE  tratio p.value
control - manual  -3.598 0.7154 -5.029 <0.0001
control - burn -36.772 0.7147 -5.145 <0.0001
manual - burn -0.0792 0.1621 -0.488 0.8768
time = 12, hay = absent
contrast estimate SE  tratio p.value
control - manual -16.885 0.2637 -6.404 <0.0001
control - burn -16.327 0.2648 -6.165 <0.0001
manual - burn 0.0558 0.1494 0.373 0.926
time = 24, hay = absent
contrast estimate SE  tratio p.value
control - manual  -1.666 0.1955 -8.52 <0.0001
control - burn -17.364 0.1945 -8.928 <0.0001
manual - burn -0.0704 0.1084 -0.65 0.7926
time = 3, hay = present
contrast estimate SE  tratio p.value
control - manual -39.699 0.7122 -5.574 <0.0001
control - burn -41.819 0.711 -5.882 <0.0001
manual - burn -0.2121 0.1304 -1.626 0.2346
time = 12, hay = present
contrast estimate SE  tratio p.value
control - manual -34.397 0.4536 -7.583 <0.0001
control - burn -35.196 0.4531 -7.768 <0.0001
manual - burn -0.0799 0.1109 -0.721 0.7511
time = 24, hay = present
contrast estimate SE  tratio p.value
control - manual -20.223 0.2125 -9.519 <0.0001
control - burn -21.514 0.2109 10.'199 <0.0001
manual - burn -0.1291 0.0996 -1.297 0.397




35 Table S6. Tukey’s post hoc test for pairwise comparisons of effect of hay transfer on species richness.

time = 3, litter = control

contrast estimate SE tratio p.value
0.00109 -
absent - present 0 0.998 0.001 0.9991
time = 12, litter = control
contrast estimate SE tratio p.value
1.22308

absent - present 0.508 2.408 0.0161

0
time = 24, litter = control

contrast estimate SE tratio p.value

0'2%461 0268 0.8 0.4239

time = 3, litter = manual

absent - present

contrast estimate SE tratio p.value
0.37295 -
absent - present 0 0.152 2 456 0.014
time = 12, litter = manual
contrast estimate SE tratio p.value
0.52811 -
absent - present 0 0.131 4.022 0.0001
time = 24, litter = manual
contrast stimate SE tratio p.value
0.14165 -
absent - present 0 0.107 1329 0.1837
time = 3, litter = burn
contrast estimate SE tratio p.value
absent - present  0.50587 0.142 3558 0.0004
time = 12, litter = burn
contrast estimate SE tratio p.value
0.66384 -
absent - present 0 0.132 5 037 <0.0001
time = 24, litter = burn
contrast estimate SE tratio p.value
0.20036 -
absent - present 0 0.101 1974 0.0484

36



37 Table S7. Analysis of Deviance Table (Type Il Wald chisquare tests) for pine individuals.

Chisg Df Pr(>Chisq)

hay 43.5835 2 <.0001
litter 8.0508 3 0.045
time 0.0093 1 0.923
hay:litter 2.9722 2 0.226
hay:time 1.2806 1 0.258
litter:time 3.6787 2 0.159
hay:litter:time 0.0015 2 0.999
residuals 57

total 71

38
39 Table S8. Tukey’s post hoc test for pairwise comparisons of litter removal for pine individuals.

time =12, hay = absent

contrast estimate SE tratio p.value
control - manual 0.682 0.25 2.733 0.0224
control - burn 2.060 0.443 4.665 0.0001
manual - burn 1.380 0.474 2.920 0.0137
time = 24, hay = absent
contrast estimate SE tratio p.value
control - manual 0.347 0.227 1.525 0.2871
control - burn 2.020 0.445 4543 0.0001
manual - burn 1.680 0.458 3.660 0.0016
time = 12, hay = present
contrast estimate SE  tratio p.value
control - manual 0.095 0.409 0.233 0.9705
control - burn 0 0.397 0 10.000
manual - burn -0.095 0.409 -0.233 0.9705
time = 24, hay = present
contrast estimate SE tratio p.value
control - manual -0.186 0.34 -0.546 0.8487
control - burn 0.415 0.401 1.035 0.5581
manual - burn 0.601 0.388 1.547 0.2769

40
41  Table S9. Tukey’s post hoc test for pairwise comparisons of hay transfer for pine individuals.

time = 12, litter = control

contrast estimate SE  tratio p.value

absent - present 1.345 0.315 4.26 <.0001
time = 24, litter = control

contrast estimate SE  tratio p.value

absent - present 1.080 0.291 -1.429 0.0005
time = 12, litter = manual

contrast estimate SE  tratio p.value

absent - present 0.758 0.364 2.084 0.0416
time = 24, litter = manual

contrast estimate SE  tratio p.value
absent - present 0.548 0.287 1.906 0.0617
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time = 12, litter = burn

contrast estimate SE  tratio
absent - present -0.72 0.504 -1.429

p.value
0.1586

time = 24, litter = burn

contrast estimate SE  tratio
absent - present  -0.527 0.516 -1.022

p.value
0.3113
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Table S10. PERMANOVA results for litter removal and hay transfer for community vegetation in three

months.

Df SumsOfSgs MeanSgs F.Model R2 Pr(>F)
litter 02 4.0754 2.03772 4.5535 0.21628 <0.0001
Residuals 33 14.7678  0.44751 0.78372
Total 35 18.8432 1
hay 01 0.9233 0.92334 1.7519 0.049 0.0477
Residuals 34 17.9199  0.52705 0.951
Total 35 18.8432 1

Table S11. PERMANOVA results for litter removal and hay transfer for community vegetation in 12 months.

Df SumsOfSgs MeanSqs F.Model R2 Pr(>F)
litter 02 4.7331 2.36656 4.8085 0.22566 <0.0001
Residuals 33 16.2412  0.49216 0.77434
Total 35 20.9744 1
hay 01 2.1309 2.13086 3.8448 0.10159 <0.0001
Residuals 34 18.8435  0.55422 0.89841
Total 35 20.9744 1
Table S12. PERMANOVA results for hay transfer and litter removal for community vegetation in 24 months.

Df SumsOfSgs MeanSqgs F.Model R2 Pr(>F)
litter 02 4.6948 2.3474 4.1988 0.20285 <0.0001
Residuals 33 18.4493  0.55907 0.79715
Total 35 23.1441 1
hay 01 2.8031 2.80311 4.6854 0.12112 <0.0001
Residuals 34 20.341 0.59827 0.87888
Total 35 23.1441 1

Table S13. Pairwise PERMANOVA for litter removal for three samplings.

Months  paijrs F.Model R2 p.value p.adjusted
3 burn vs control 6.05654 0.21586901 0.001 0.003
burn vs manual 2.29417 0.09443283 0.001 0.003
control vs manual 2.80672 0.11314336 0.001 0.003
12 burn vs control 3.96621 0.15274496 0.001 0.003
burn vs manual 2.34946 0.0964893 0.061 0.183
control vs manual 2.29897 0.09461191 0.001 0.003
24 burn vs control 8.36419 0.2754623 0.001 0.003
burn vs manual 2.55877 0.1041896 0.084 0.252
control vs manual 4.35443 0.1652258 0.002 0.006




52  Table S14. List of species occurring in the three sampling periods carried out in the experiment area at Lagoa

53 do Peixe National Park, Mostardas, Brazil.

Family Species / Sampling Year 2017 2018 2019
Apiaceae Centella asiatica (L.) Urb. X X
Eryngium ebracteatum Lam. X
Eryngium elegans Cham. & Schitdl. X X X
Araliaceae Hydrocotyle bonariensis Lam. X X X
Hydrocotyle exigua (Urb.) Malme X
Asteraceae Achyrocline satureioides (Lam.) DC. X
Asteraceae sp. X
Baccharis crispa Spreng. X X
Baccharis spicata (Lam.) Baill. X
Baccharis subtropicalis G.Heiden X
Chevreulia sarmentosa (Pers.) Blake X
Conyza blakei (Cabrera) Cabrera X X
Conyza bonariensis (L.) Cronquist X X
Erechtites hieracifolius (L.) Raf. ex DC. X X
Gamochaeta simplicicaulis (Willd. ex Spreng.) Cabrera X X
Gamochaeta americana (Mill.) Wedd. X X X
Gamochaeta argentina Cabrera X X X
Gamochaeta filaginea (DC.) Cabrera X X
Pluchea laxiflora Hook. & Arn. ex Baker X
Pluchea sagittalis (Lam.) Cabrera X
Pterocaulon angustifolium DC. X
Senecio brasiliensis (Spreng.) Less. X X
Senecio heterotrichius DC. X X X
Solidago chilensis Meyen X
Convolvulaceae Ipomoea cairica (L.) Sweet X
Cyperaceae Cyperus trigynus Spreng. X X X
Cyperus aggregatus (Willd.) Endl. X X X
Cyperus haspan L. X X X
Cyperus obtusatus (J.Presl & C.Presl) Mattf. & Kik. X X X
Cyperus polystachyos Rottb. X X
Cyperus reflexus Vahl X X X
Cyperus sellowianus (Kunth) T.Koyama X
Cyperus sesquiflorus (Torr.) Mattf. & Kuk. X
Eleocharis dunensisKuik. X
Eleocharis maculosa (Vahl) Roem. & Schult. X X
Eleocharis viridans Kilk. ex Osten X X X
Fimbristylis complanata (Retz.) Link X
Rhynchospora barrosiana Guag|. X X X
Rhynchospora brittonii Gale X
Rhynchospora holoschoenoides (Rich.) Herter X
Rhynchospora rugosa (Vahl) Gale X
Rhynchospora tenuis Link X
Scleria distans Poir. X X X
Droseraceae Drosera brevifolia Pursh X X
Eriocaulaceae Syngonanthus chrysanthus (Bong.) Ruhland X X X
Fabaceae Desmodium adscendens (Sw.) DC. X X X

Desmodium incanum (Sw.) DC. X
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Gentianaceae
Haloragaceae

Juncaceae

Lamiaceae

Lentibulariaceae
Lycopodiaceae

Melastomataceae

Menyanthaceae
Moraceae
Onagraceae
Orchidaceae
Pinaceae
Plantaginaceae

Poaceae

Portulacaceae

Rubiaceae

Xyridaceae

Indigofera sabulicola Benth.

Rhynchosia diversifolia Micheli

Stylosanthes leiocarpa Vogel

Schultesia australis Griseb.

Laurembergia tetrandra (Schott) Kanitz

Juncus marginatus Rostk.

Juncus microcephalus Kunth

Juncus pallescens Lam.

Hyptis brevipes Poit.

Lamiaceae sp.

Utricularia tricolor A.St.-Hil.

Palhinhaea cernua (L.) Franco & Vasc.

Chaetogastra gracilis (Bonpl.) DC.

Chaetogastra versicolor (Lindl.) P.J.F.Guim. & Michelang.
Leandra sp.

Nymphoides indica (L.) Kuntze

Ficus cestrifolia Schott ex Spreng.

Ludwigia multinervia (Hook. & Arn.) Ramamoorthy
Habenaria parviflora Lindl.

Pinus elliottii Engelm.

Bacopa monnieri (L.) Pennell

Andropogon selloanus (Hack.) Hack.

Andropogon bicornis L.

Axonopus parodii Vahls (ined.)

Chascolytrum poomorphum (J. Presl) L. Essi, Longhi-Wagner & Souza-Chies
Chascolytrum uniolae (Nees) L. Essi, Longhi-Wagner & Souza-Chies
Danthonia secundiflora J.Presl

Dichanthelium sabulorum (Lam.) Gould & C.A. Clark
Digitaria balansae Henrard

Eragrostis cataclasta Nicora

Eragrostis lugens Nees

Imperata brasiliensis Trin.

Ischaemum minus J.Presl

Panicum aquaticum Poir.

Paspalum plicatulum Michx.

Paspalum pumilum Nees

Schizachyrium microstachyum (Desv. ex Ham.) Roseng., B.R.Arrill. & Izag.
Schizachyrium plumigerum (Ekman) Parodi

Steinchisma hians (Elliott) Nash

Stenotaphrum secundatum (Walter) Kuntze
Portulacaceae sp.

Galium humile Cham. & Schitdl.

Oldenlandia salzmannii (DC.) Benth. & Hook.f. ex B.D.Jacks.
Xyris guaranitica Malme

Xyris jupicai Rich.

Bryophyte

Fern
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Abstract

Aims: After conversion of subtropical grasslands to other land uses, active restoration is
necessary, but knowledge on techniques is still incipient, especially in southern Brazil.
Hay transfer is a technique employed to restore temperate grasslands and its use is
promising for subtropical grasslands as well, but efficiency may vary depending on time
of hay harvest and amount of hay used. In a restoration experiment, we evaluated effects
of harvest date and hay quantity on vegetation cover, species richness and species
composition in subtropical grasslands in Southern Brazil.

Locations: coastal grasslands, Lagoa do Peixe National Park, Rio Grande do Sul, Brazil.
Methods: We transfer undried hay from a well-conserved reference area at three different
dates (mid-spring, early-summer, and mid-summer) onto a former grassland site
degraded by pine plantations. We used two different amounts of hay (500 g/m2 and 1000
g/m?). Over a period of two years, we assessed vegetation cover, species richness and
species composition in each treatment.

Results: In the first year, vegetation cover did not exceed 15% and hay from February
tended to lead to lower vegetation cover (significant differences with hay from January
and November, for 500 g/m2 and 1000 g/m2, respectively). In the second year, cover
values were much lower than in the first year, with few significant differences among
treatment combination, as a drought period impeded vegetation development. More Cs
species come from mid-spring and early-summer hay while C4 species come hay from
mid-summer. Lower quantities of hay tended to increase general cover and richness.
Conclusions: Freshly cut undried hay can be an effective way to reintroduce native
species in degraded subtropical grasslands. Timing of hay collection and the amount of
hay used influence vegetation development at the restoration site. The drought in the
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second sampling illustrates the need to consider the possibility of negative climatic

conditions in restoration planning.

Key words
Campos Sulinos, Old-Growth grassland, Open ecosystem, Pampa grasslands, South

Brazilian grasslands; Species introduction

Introduction

Biodiversity loss in subtropical grasslands, mainly due to habitat conversion, has
been strong despite the ecological, economical, and cultural importance of these
ecosystems (Andrade et al. 2015, Veldman et al. 2015; Buisson et al. 2019). The
resilience of tropical and subtropical grasslands to exogenous disturbances (e.qg.
afforestation, invasive species) is low which means that spontaneous recovery of the
vegetation is difficult and active restoration, usually involving species introduction, is
necessary in (Buisson et al. 2019). Turf transplanting, direct sowing and hay or topsoil
transfer have been used successfully in the restoration of grasslands, especially in
temperate regions (Kiehl et al. 2010; Klimkowska et al. 2010; Rydgren et al. 2010). Hay
transfer consists in cutting and collecting the vegetation at a well-conserved donor site
(reference area) when seeds of many species are mature and in transferring this material
to the area to be restored. The objective is to increase species and genetic diversity at
the degraded site and also provide safe conditions for germination of seeds and
establishment of plants (Kiehl et al. 2010). However, experiences with this technique in
subtropical grasslands, where restoration in a recent topic, still is scanty (Overbeck et
al., 2013; Guerra et al., 2020).

For subtropical grasslands in South Brazil, to date only five published studies
evaluated the introduction of native species, using hay transfer (Thomas et al. 2019a;
Thomas et al. under review; Porto et al. 2022a), seeding (Thomas et al. 2019b) and seed
traps (Porto et al. 2022b). The studies on hay transfer showed contrasting results:
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Thomas et al. (2019a; 2019b) did not found significant effects of hay on vegetation
development, while Porto et al. (2022) demonstrated a contribution of hay to the return
of native vegetation.

In subtropical grasslands, different species disperse their propagules at different
periods, from mid-spring to mid-autumn, (e.g. for South Brazilian grasslands: Overbeck
et al. 2018). The coexistence of C; and C. species is one of the most notable
characteristics of Brazilian subtropical grasslands when compared to others open
environments such as the Cerrado (Brazilian savana) which is dominated by C4 grasses
and in temperate grasslands with higher cover of Cz species (Overbeck et al. 2009).
Different periods of seed maturation of different species mean that timing of seed harvest
should have a high influence of restoration success. The period of hay collection defines
species composition of the seed community, and this can drive the subsequent
vegetation development in degraded area (Goret et al. 2021).

The amount of hay used is another variable that influences restoration success.
In a study on restoration of calcareous grasslands, the application of thick layers (800
g/m? hay) led to lower relative transfer rates than a thinner layer (Kiehl et al. 2006), i.e.,
more hay is not always more efficient. On the other hand, in mesic grasslands (Edwards
et al. 2007), using a thin hay layer (ratio of 1:3 donor-receptor site) led to a lower number
of established species than thicker layers (ratio of 1:1 donor-receptor site). The weight-
seed ratio in hay can vary due to productivity of the donor sites as well as through
management; for instance, lack of grazing management can lead to accumulation of
biomass, as well as to diversity losses (e.g. Ferreira et al. 2020). Depending on the
climatic conditions of the region (e.g. slow decomposition rate due to high humidity and
low temperature), more hay can reduce germination due to shading and high humidity.
The ideal amount of hay will thus depend on the type of plant community, the productivity
of the donor site and the conditions at the degraded site (Kiehl et al. 2010).

The previous studies in the region tested dry hay collected in autumn and mid-
autumn with transfer of 500 g/m2 (Thomas et al 2019b), 600 g/m2 (Thomas et al. 2019a)
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and mid-summer with 750 g/m2 (Porto et al. 2022). Considering the divergent results,
generalizations about hay efficiency from these studies on South Brazilian grasslands
cannot be made. In an experimental approach, we here aim to evaluate the effect of
different amounts of freshly cut undried hay from different harvest dates on plant species
establishment in coastal grasslands in southern Brazil with a history of degradation by
non-native pine (Pinus elliottii Engelm) plantations. We assessed hay harvested at three
different dates: midspring (November), early summer (January), and midsummer
(February), i.e., with different species fruiting at the moment of harvesting. For all harvest
dates, we evaluated the effect of two different amounts of hay, 500 e 1000 g/m?,
considering vegetation cover, species richness and species composition in the

experimental plots as response variables.

Materials and Methods
Study area

The study was conducted in the coastal plain of southern Brazil in the protected
area Lagoa do Peixe National Park (LPNP; -31.254918° S, -50.970841° W). Climate is
Kdppen’s Cfa (Peel et al., 2007). Mean annual temperature is 18-19 °C and mean annual
rainfall is 1500-1700 mm (Alvares et al. 2013). During the second year of our experiment,
2021 to 2022, weather conditions were unusually dry (Fig. S1; Fig. 1). Grasslands in the
coastal plain of the state of Rio Grande do Sul represent 13% of grasslands that are still
present in the state (Cordeiro and Hasenack 2009). Here afforestation by pine and
annual crops (in particular, rice) are the main threats (Mapbiomas 2022). Coastal
grasslands in southern Brazil occur over extended areas in the coastal plain, with small
topographic variation contribution to variation in plant communities (da Silveira et al.
2022). Dominated by perennial C,4 grasses, they clearly differ from other grasslands in
southern Brazil (Menezes et al. 2015; Andrade et al. 2019).

In the 1980s, the government funded pine plantations converting large extensions
of coastal grasslands. At the experimental area (-31.065952° S, -50.805324° W), pine
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had been planted before the creation of protected area. In 2016, all trees were cut.
However, without any restoration activity, a dense layer of pine litter remained, leading

to re-establishment of pines and impeding native vegetation recovery.

Experimental design

The installation of our experimental plots occurred in November of 2019, three
years after pine cutting. In part of the area where the trees had been cut, we installed six
blocks with seven 1.20 x 1.20 m experimental units each (Suppl. Fig. S1). Experimental
units were separated by 1 m, untreated buffers. In a two-factor, completely randomized
design, we assigned each experimental unit to one of three hay harvest dates: (1) hay
from midspring, collected in November; (2) hay from early summer, collected in January;
and (3) hay from midsummer, collected in February. We used two distinct amounts of
hay: (1) 500 g/m2 and (2) 1000 g/mz2 (see Suppl. Fig. 1, Fig. S2). Hay was collected from
a native grassland donor site used for comparison with the experimental results. It was
located approximately 2 km from the experimental site (-31.057157° S, -50.810885° W)
on similar topography and it had not recently experienced grazing nor fire (Fig. 1). Hay
was cut with a brush cutter, collected manually, weighed, and transferred to experimental
units fresh, shortly after pine litter removal (Fig. 1). Hay was transferred only once to
each experimental unit (see Suppl. Fig. S2). Additionally, we had a control treatment

where no hay was introduced.

Vegetation sampling

We carried out the first vegetation sampling one year after hay transfer, with three
sampling dates (November 2020, January 2021, February 2021; first sampling period,
Fig. S2), and repeated sampling after one year (second sampling period, see Fig. S3 for
more details). Species were identified to the lowest taxonomic level possible, and cover
was estimated in permanently marked plots of 1 m2 within each experimental unit (block),

using the Londo (1976) decimal scale that measures plant cover in 10% classes (class
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mid-points transformed into percentage cover were used for analyses). Community
composition in the donor site was assessed in 20 plots of 1 x 1 m distributed throughout

the donor site, prior to hay collection in February 2017.

Data analysis

We used generalized linear mixed models (GLMMs) to assess the effect of hay
harvest date and the different amounts of hay for each sampling period. These analyses
were conducted separately for the two sampling periods, as community composition
differed between years due to the dry spell (see additional analyses in Suppl. Material,
Fig. S3; S4). Both hay harvest date and amounts of hay were considered fixed factors
with three and two levels, respectively, including the interactions between them. The six
blocks and six samplings were incorporated as random effects in models. The first
response variable was vegetation cover which numbers vary continuously between zero
and one (0-100%), making the beta distribution a natural choice (Cribari-Neto & Zeileis
2010). The second response variable was count data for richness which was described
by Poisson distribution. Values of vegetation cover and richness were sampled in each
of 1 m2, resulting in a total number of sampling units of 3 (hay harvest date) x 2 (amounts
of hay) x 6 (blocks) x 3 (months) x 1 (sample) = 108. The same experimental units were
assessed over samplings, leading to autocorrelation in response variables. We also
incorporate a covariance structure in models through a first-order autoregressive
structure with homogenous variances. Where treatments or treatment interactions were
significant, we used a Tukey’s post hoc tests to compare levels of each factor, using an
alpha level of 0.05 to assess significance.

We used the treemap diagram and bar graphs to illustrate plant community
composition for each treatment (hay harvest date and amounts) using values of mean
cover and species richness. For these analysis we separated the species in two groups:

grasses (Poaceae species) and forbs (all the others species - e.g. herbs, legumes,
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graminoid species; such as in Smith et al. 1996). All analyses were performed in R

Statistical Environment (R Core Team 2021).

Results

A total of 34 species from 12 families were found in the experimental plots (Table
S1). The most species-rich families were Poaceae (9), Cyperaceae (9) and Asteraceae
(4). The plant composition of the control plots was very distinct of that of the donor site
and of experimental plots. Only two grass species occurred in control plots (Dichantelium
sabulorum and Eragrostis cataclasta), in very low cover. In control plots, Cyperaceae
was the most representative family with seven species (Table 1), and Xyris jupicai,
Drosera brevifolia and one species of moss (not identified) were the species that
presented the highest cover values after Cyperaceae's species.

In the first sampling period (2020/2021), vegetation cover in the treatment plots
varied considerably among hay harvest date and amounts but did not exceed 15% in
any plot (Fig. 2A; Table S4, S5). For hay from January and February, the lower amount
of hay lead to significantly higher cover values (Table S6). Within each hay amount level,
hay from February tended to lead to lower vegetation cover (significant differences with
hay from January and November, for 500 g/m? and 1000 g/m?, respectively). For richness
in 500 g/m?, only hay from January and February differed (Table S7, S8). Hay from
January showed significant differed between the amounts for richness (Table S9). The
amount with 500 g/m? showed higher values of cover and richness in the first sampling
period (Fig. 2A).

In the second sampling period (2021/2022), cover values were much lower than
in the first year (mean values per treatment below 5%), with few significant differences
among treatment combinations (Fig. 2B, Tables S10, S11, S12). Species richness, also
lower than in the first year, showed no significant difference among hay harvest date and

amounts (Fig. 2B, Tables S13, S14, S15).
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Plant community composition in the experiment was also influenced by hay
harvest date and amounts (Fig. 3 and 4). Hay from November and January in the 500
g/m? showed more forbs cover, while the 1000 g/m?treatment showed more grass cover
(Fig. 3). On the other hand, hay from February in both amounts showed higher cover
values for the forbs compared to grass. While some species were transferred at all dates
(e.g., D. sabulorum), others were only transferred at some sampling dates, such as the
winter grass C. uniolae which only appears, in the second year, with little cover in plots
that received hay in February, and summer grasses such as A. parodii, E. cataclasta,
and S. secundatum which only appeared in plots that received hay in February.

We found 24 forbs species in the experimental area. The species with the highest
cover values for the first sampling period (2020/2021) were two species of Fabaceae (D.
adscendes and |. sabulicola), one species of Juncaceae (Juncus cf. densiflorus) and four
species of Cyperaceae (C. tryginum, Cyperus reflexus, Rhynchospora sp. and
Eleocharis sp.; Fig. 4). In the second sampling period (2021/2022), the Xyridaceae Xyris
jupicai had the highest cover values among treatments (Fig. 4). The other representative
species, as in the first sampling, belonged to the families Juncaceae (J. microcephalus)

and Cyperaceae (R. barrosiana, Cyperus sp., Eleocharis viridans and C. tryginum).

Discussion

Our data confirm that hay can be an effective way to reintroduce native species
in degraded subtropical grasslands, as shown in Porto et al. (2022a), but indicates that
both the timing of hay collection and the amount of hay used influence vegetation
development at the restoration site. Also, our study emphasizes that vegetation
development can be highly influenced by climatic conditions, which may make
restoration more challenging under scenarios of climate change and more climatic
extreme events. In contrast to other studies in subtropical grasslands that used dry hay
(Thomas et al. 2019; Porto et al. 2022), we transfer freshly cut undried hay to
experimental plots. Using freshly cut hay, without drying, may have advantages in
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comparison to dry hay because the drying process can take days, be costly and often
unfeasible due to the difficulty of transporting it to an appropriate place for drying (Kiehl
et al. 2010).

We used two different amounts (500 g/m2 and 1000 g/m?2) and our results showed
that lower quantities of hay tended to increase general cover and richness, similar as
found by Thomas et al. (under review). The donor site vegetation is an area that did not
receive disturbances (such as fire or grazing) for several years and showed high
dominance of C4 grasses (e.g., Axonopus parodii, Ischaemum minus, Digitaria balansae,
Schizachyrium microstachyum). These characteristics contribute to high biomass
volume (Ferreira et al. 2020) and consequently slower decomposition rate due to silica
present in C4 species which causes of shading, difficulting the germination and
establishment of species and impacting vegetation cover and richness.

Some species established in experimental plots independent of harvest date, as
was the case for C. uniolae, I. minus, D. sabulorum and A. parodii. Plots that received
hay collected in November (midspring) and January (early summer) had higher cover of
Cs grasses such as C. uniolae and D. sabulorum, but also the C4 grass I. minus. The
high cover values of C. uniolae indicate that this species likely has high germination and
establishment rates and thus could be an interesting species to focus on in restoration
projects. The C, species grasses E. cataclasta and S. secundatum occurred only in plots
that received hay collected in February (midsummer). A. parodii, also a C4 grass,
occurred both in plots that received hay collected in November and February. These
data showed that the use of hay collected in different periods can be important to
increase species richness.

Vegetation cover different greatly during the two periods of sampling, likely as a
result of the drought in the second sampling that led to a reduction of vegetation cover
in comparison to the first year. These situations illustrate the need to consider the
possibility of negative climatic conditions in restoration planning. For example, in regions
where severe dry spells are possible, project managers should be prepared for more
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than one year of seed introduction (hay transfer or seed sowing) if extreme climatic
events occurred. This will become even more important under climate change that
should lead to high variation in rainfall and temperature.

Our data provide clear evidence that hay harvest date influences vegetation
composition. In addition, we showed that the freshly cut undried hay was efficient
encouraging future works that want to use fresh hay. Different hay harvest dates can
lead to the better of reintroduction Cs or/ Cs species at the degraded area. In practice,
this may mean that hay should be applied more than once, or that a restoration site could
be managed in a mosaic fashion, e.g., with strips or ‘hay islands’ originating from different
harvest dates (Kiehl et al. 2006, Boanares & Azevedo 2014). Such use of nucleation
techniques can lead to higher habitat diversity, a part from increasing efficiency. Longer-
term studies are needed to evaluate the development of plant communities created by
hay-transfer, especially to evaluate which species are not transferred and should be

introduced by other means.

63



290

291

292

293

294

Figure 1. The reference area and demonstration of hay collection, weighing and transfer in
experimental units at Lagoa do Peixe National Park/South Brazil. (A) The reference area; (B) hay
collection, (C) hay weighing; (D) Prepared experimental unit (after pine litter removal); and (E) a

plot after hay application.

64



295

296
297
298
299

Comparation among

* *ok *
—
20 —— — 10.0 Hay harvest
. time
£ 15 75 f 1 Weights
] 0
. . 2 ]
Sampling period ¢ 10 £ 50
] 2
(years) 2 e
]
% 5 25
2020/2021
0 0.0
500 1000 500 1000
(B) Hay h t dat
20 . 10.0 ay harvest date
—
—~ November
£ 15 7.5
S
% % January
S 10 S 50
" S February
2 b
(2]
2 5 2.5
& .
2021/2022 0 0.0
500 1000 500 1000
Weight Weight

Figure 2. Vegetation cover and richness species in experimental treatments in both sampling periods (A) 2020/2021 and (B) 2021/2022. Horizontal
bars indicate significant differences among treatments. Level of significance is coded as * = 0.05 and ** = 0.01). In boxplots, the central bold line
indicates the median (50th quantile), the inferior boxline the 25th quantile, the superior boxline the 75th quantile and the whiskers the minimum
and maximum values.
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Table 1. Mean cover species (%) in control plots. Nov = November, Jan = January, Feb = February.

Figure 4. Forb presence and mean cover (%) in experimental plots. Species are ordered by highest value
cover hay harvest date and amount: Nov = November, Jan = January, Feb = February.
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Suppl. Material 1: Experimental design

im

“<—  Novl000 <> Feb1000

Control

Jan1000 Feb500 Jan500

Figure S1. The experimental design in the restoration experiment at Lagoa do Peixe National Park/South Brazil. The
experiment is a randomized, complete-block, two-factor design that tests hay transfer with three levels (Nov - November,
Jan - January, Feb - February), and two different amounts (500 g/m2 and 1000 g/m?). There were six blocks in total with

one sampling units each. Within each experimental block, treatments were assigned randomly.
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Suppl. Material 2: Timeline of the experiment

Year \ Months

Hay collection

2019 and transfer

Hay collection
and transfer

~ e

Hay collection
and transfer

2020

2 (3) Vegetation

(2) Vegetation
2021 sampling

1 (4) Vegetation
sampling

sampling

J—

(1) Vegetation
S sampling
@

2 &V . Sampling period
: egetation

2022  (5) Vegetation
sampling 2020/2021

sampling

2021/2022

Figure S2. Timeline graph of the experiment. The hay collection and transfer were carried out in 2019. The sampling
period starting in November of 2019 until 2022. We consider two sampling moments: the first (2020 and 2021) and

second (2021 and 2022).

Suppl. Material 3: Additional analysis of the effects of weather conditions during the period of the experiments

We suspected that the second sampling period (2021/2022, Fig. S4) suffered a strong effect of drought. In order
to visualize effects on vegetation development, a distance-based redundancy analysis (db-RDA) (Legendre & Anderson
1999) was developed based on presence-absence community data (transformed in dissimilarities through Jaccard
distance) and three standardized environmental variables (temperature, humidity and rainfall). As we did not know how
long each variable affects the community species, five measures before the sampling date were considered: 10, 20, 30,
60 and 90 days (INMET 2022). Means values to temperature and humidity and accumulated to rainfall. Next, we applied
a stepwise function in order to choose the measure (amongst those five) that better fitted in the db-RDA. Between three
and five measures fitted well among the models but 30 days was chosen by convenience due to its unanimity. The

resulting db-RDA graph (Fig. S5) indicates two groups, demonstrating the effect of rainfall and humidity (but not
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temperature) over the community and leading us to consider the sampling periods separately in the subsequent

analyses (see main document).

300
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Figure S3. Monthly precipitation in Rio Grande, the closest climate measurement station (approximately 140 km away).
The dashed line indicates precipitation in the last 30 years (dashed black line) and the three colored lines precipitation
during the time of the experiment (Jan. 2020: implementation; Feb. 2022: last sampling), evidencing lower than average
rainfall from October to March, i.e., southern hemisphere spring and summer. Data from the National Institute of

Meteorology - INMET (https:/portal.inmet.gov.br/) and ClimateData (https://pt.climate-data.org/america-do-

sul/brasil/sao-paulo/mostardas-286859/#climate-table).
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Figure S4. Distance-based redundancy analysis illustrating the relationship of the community experimental in the first

(2020/2021) and second (2021/2022) sampling periods with climate variables.
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443 Table S1. List of species with mean cover (%) occurring in the two sampling periods carried out in the experiment area at Lagoa do Peixe National Park, Mostardas, Brazil.

Sampling period 2020/2021 2021/2022
) ) i 500 1000 500 1000
Family Cover mean species (%) \ Amount and month hay collection
Nov Jan Feb |Nov Jan Feb |Nov Jan Feb |Nov Jan Feb
Apiaceae Eryngium sp. 011 O 0 0 0 0 0 0 0 0 0 0
Araliaceae Hydrocotyle bonariensis Lam. 0 022 0 006 017 O 0 0 0 0 0 0
Asteraceae Gamochaeta americana (Mill.) Wedd. 011 O 0 0.22 0.11 006 O 0 0 0 0 0.28
Gamochaeta sp. 0 0O 0.06 011 006 O 0 0 0 0 0 0
Pluchea sagittalis (Lam.) Cabrera 0.06 O 0 0 0 017 O 0 006 O 0 011
Pterocaulum sp. 011 O 0 0 0 0 0 0 0 0 0 0
Cyperaceae  Cyperus trigynus Spreng. 0.39 006 O 0 0 0 0O 078 O 0 0 0
Cyperus reflexus Vahl 0.28 1.33 0.39 0.44 0.17 011 O 0 0 0 0 0
Cyperus sp. 0O 05 011 006 O 0 056 083 0.72 028 3 0.22
Eleocharis sp. 0.22 0.11 006 O 0.11 O 0 0 0 0 0 0
Eleocharis viridans Kik. ex Osten 0O 006 006 0 017 O 0 0O 006 O 2 0
Cyperus brevifolius (Rottb.) Endl. ex Hassk 011 O 0 0 0 0 0 0 0 0 0 0
Rhynchospora barrosiana Guag|. 0 006 O 0 0O 006 017 011 O 05 4 0.06
Rynschospora sp. 0.22 0.17 0.11 0.06 0.06 O 0 0 0 0 0 0
Scleria distans Poir. 0 0 0 006 O 0 0 0 0 0 0 0
Droseraceae Drosera brevifolia Pursh 0O 033 006 006 0 0.22 006 O 0 0 0 0
Eriocaulaceae Syngonanthus chrysanthus (Bong.) Ruhland 0.78 017 O 0 0O 006 O 0 0 0 0 0
Fabaceae Desmodium adscendens (Sw.) DC. 178 0 028 0 011 011 O 0O 006 O 0 0
Indigofera sabulicola Benth. 033 0 0 0 0 011 0O 0 0 0 0 0
Haloragaceae Laurembergia tetrandra (Schott) Kanitz 0 022 O 0 0 0 0O 05 O 0 0 0
Hypoxidaceae Hypoxis decumbens L. 0 0 0 0 0 0 0 0 0 0 0 0.06
Juncaceae Juncus cf. densiflorus 094 O 0 0 0 0 0 0 0 0 0 0
Juncus microcephalus Kunth 0.06 0.44 0.61 0.33 0.33 0.33 0.5 0.06 0.33 006 2 0.22
Pinaceae Pinus elliottii Engelm. 0 0 0 0 017 O 0 0 0 017 5 0
Poaceae Axonopus parodii Vahls (ined.) 011 O 0 0 0 0O 006 0 033 O 0 0.67
Chascolytrum uniolae (Nees) L. Essi, Longhi-Wagner & Souza-Chies 1.33 1.38 0.06 3.56 2.22 0.06 0.78 0.44 0.11 0.94 16 0.06
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Xyridaceae

Dichanthelium sabulorum (Lam.) Gould & C.A. Clark

Eragrostis cataclasta Nicora

Ischaemum minus J.Presl|

Panicum aquaticum Poir

Panicum racemosum (P.Beauv.) Spreng.

Schizachyrium microstachyum (Desv. ex Ham.) Roseng., B.R.Arrill. & 1zag.
Stenotaphrum secundatum (Walter) Kuntze

Xyris jupicai Rich.

Moss

0.22

0.28 0.56 0.83 0.22
017 O 0 0
0.06 0.17 0.17 0.22
0.11 O 0.11 0.06
0 0 0 133
0 0 017 O
0 0 0 0
0 05 139 011
0 0.61 028 05 0.11

0.44
0.22
0
0.11
0.06
0.11
0
0.22
0

0.67

0.33

0.39
0.56

0.89
0

0.33 05 05
0 006 O
0.11 0.11 0.5
0 0 0
0 0 0.72
006 O 0
0 0 0
0.17 1.22 0.17
0.06 0.06 0.06

N A O O O O M O N

0.17
0.17

0.17
0.17
0.39
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Table S2. List of species with mean cover (%) occurring in reference area at Lagoa do Peixe
National Park, Mostardas, Brazil.

Family Species C(ooz;a '
Apiaceae Centella asiatica (L.) Urb. 2.03
Eryngium ebracteatum Lam. 0.08
Araliaceae Hydrocotyle bonariensis Lam. 0.63
Asteraceae  Achyrocline satureioides (Lam.) DC. 0.47
Erechtites hieracifolius (L.) Raf. ex DC. 0.22
Convol(\a/ulacea Ipomoea cairica (L.) Sweet 0.6
Cyperaceae Cyperus trigynus Spreng. 3.73
Eleocharis viridans Kik. ex Osten 0.93
Rhynchospora barrosiana Guag!. 6.13
Rhynchospora brittonii Gale 0.8
Rhynchospora tenuis Link 8.07
Scleria distans Poir. 0.5
Fabaceae Desmodium adscendens (Sw.) DC. 3.83
Desmodium incanum (Sw.) DC. 0.4
Rhynchosia diversifolia Micheli 0.27
Stylosanthes leiocarpa Vogel 0.37
Melastggatace Chaetogastra gracilis (Bonpl.) DC. 1
Orchidaceae Habenaria parviflora Lindl. 0.27
Poaceae Andropogon selloanus (Hack.) Hack. 0.2
Axonopus parodii Vahls (ined.) 4.53
Chascolytrum uniolae (Nees) L. Essi, Longhi-Wagner & Souza- 053
Chies
Dichanthelium sabulorum (Lam.) Gould & C.A. Clark 4.3
Digitaria balansae Henrard 7.57
Eragrostis cataclasta Nicora 0.08
Eragrostis lugens Nees 0.03
Imperata brasiliensis Trin. 1.3
Ischaemum minus J.Presl| 11.33
Panicum aquaticum Poir 0.57
Paspalum plicatulum Michx. 1.63
Paspalum pumilum Nees 0.77
Schizachyrium microstachyum (Desv. ex Ham.) Roseng., 4.97
B.R.Arrill. & 1zag.
Steinchisma hians (Elliott) Nash 0.5
Xyridaceae  Xyris jupicai Rich. 0.23
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Table S3. Environmental variables selected by ordistep analysis.

Variables Df SumOfSgs F Pr(>F)
Rainfall_30 1 2.930 7.3041 0.001
Moisture_30 1 1.576 3.9290 0.001
Temperature_30 1 2.460 6.1322 0.001

Table S4. Analysis of deviance table (Type Il Wald chi-square tests) for vegetation cover (2020 -
2021).

Chisq Df Pr(>Chisq)
Amount 10.2676 1 0.001354
Month 12.8484 2 0.001622
Amount:Month 0.8815 2 0.643549

Table S5. Tukey’s post hoc test for pairwise comparisons of effect of amount on vegetation
cover (2020 - 2021).

Amount = 500
contrast  estimate SE t.ratio p.value
nov -jan -0.0843 0.241 -0.35 0.9347
nov - feb 0.5075 0.261 1.947 0.1310
jan-feb 05918 0.258 2.291 0.0618

Amount = 1000
contrast estimate SE t.ratio p.value
nov - jan 0.2195 0.270 0.812 0.6964
nov - feb 0.8008 0.287 2.789 0.0173
jan-feb  0.5813 0.293 1.986 0.1210

Table S6. Tukey’s post hoc test for pairwise comparisons of effect of month on vegetation cover
(2020 - 2021).

Month = nov

contrast estimate SE t.ratio p.value
500 - 1000 0.308 0.254 1.212 0.2283

Month = jan

contrast estimate SE tratio p.value
500 - 1000 0.612 0.259 2.362 0.0202

Month = feb
contrast estimate SE tratio p.value
500 - 1000 0.601 0.292 2.058 0.0423
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Table S7. Analysis of deviance table (Type Il Wald chi-square tests) for species richness (2020

- 2021).
Chisq Df Pr(>Chisq)
Amount 10949 1 0.000937
Month 10.086 2 0.006455
Amount:Month 0.496 2 0.780371

Table S8. Tukey’s post hoc test for pairwise comparisons of effect of amount on species

richness (2020 - 2021).

Amount = 500
contrast  estimate SE t.ratio p.value
nov - jan -0.0465 0.173 0.269 0.9610

nov -feb 0.3921 0.195 2.011 0.1149
jan-feb  0.4386 0.192 2.283 0.0630

Amount = 1000

contrast  estimate SE t.ratio p.value
nov-jan 0.1418 0.211 0.673 0.7797
nov-feb 0.5229 0.242 2.161 0.0831
jan-feb  0.381 0.248 1.535 0.2792

Table S9. Tukey’s post hoc test for pairwise comparisons of effect of month on species richness

(2020 - 2021).

Month = nov
contrast estimate SE t.ratio p.value
500 - 1000 0.295 0.19 1.550 0.1243
Month = jan
contrast estimate SE t.ratio p.value
500 - 1000 0.483 0.195 2.473 0.0151
Month = feb
contrast estimate SE t.ratio p.value
500 - 1000 0.426 0.246 1.727 0.0872

Table S10. Analysis of deviance table (Type Il Wald chi-square tests) for vegetation cover

(2021 - 2022)

Chisq Df Pr(>Chisq)
Amount 6.1930 1 0.01283
Month 6.3245 2 0.04233
Amount:Month 0.7277 2 0.69498
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Table S11. Tukey’s post hoc test for pairwise comparisons of effect of amount on vegetation

cover (2021 - 2022).

Amount = 500
contrast  estimate SE t.ratio p.value
nov -jan 0.3632 0.264 1.377 0.3570
nov - feb 0.6283 0.274 2.293 0.0615
jan-feb  0.2651 0.282 0.940 0.6163
Amount = 1000
contrast  estimate SE t.ratio p.value
nov -jan 0.0561 0.288 0.195 0.9793
nov - feb 0.3645 0.297 1.227 0.4402
jan-feb 0.3084 0.298 1.035 0.5569

Table S12. Tukey’s post hoc test for pairwise comparisons of effect of month on vegetation
cover (2021 - 2022).

Month = nov
contrast estimate SE t.ratio p.value
500 - 1000 0.59 0.27 2.184 0.0313
Month = jan
contrast estimate SE t.ratio p.value
500 - 1000 0.283 0.283 1.001 0.3195
Month = feb
contrast estimate SE t.ratio p.value
500 - 1000 0.326 0.299 1.090 0.2784

Table S13. Analysis of deviance table (Type Il Wald chi-square tests) for species richness
(2021 - 2022).

Amount
Month

Chisq Df
3.3141 1
3.0070 2

Amount:Month 0.2829 2

Pr(>Chisq)
0.06869
0.22235
0.86811

Table S14. Tukey’s post hoc test for pairwise comparisons of effect of amount on species
richness (2021 - 2022).

Amount = 500

contrast
nov - jan
nov - feb
jan - feb

estimate SE t.ratio p.value
0.221 0.241 0.916 0.6316
0.4206 0.26 1.617 0.2432
0.1996 0.272 0.735 0.7436

Amount = 1000
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contrast  estimate SE t.ratio p.value
nov -jan 0.18 0.293 0.614 0.8127
nov - feb 0.2141 0.305 0.701 0.7635
jan-feb 0.0341 0.317 0.108 0.9936

Table S15. Tukey’s post hoc test for pairwise comparisons of effect of month on species
richness (2021 - 2022).

Month = nov
contrast estimate SE t.ratio p.value
500 - 1000 0.366 0.258 1.419 0.1590

Month = jan

contrast estimate SE t.ratio p.value
500 - 1000 0.325 0.28 1.161 0.2485

Month = feb
contrast estimate SE t.ratio p.value
500 - 1000 0.159 0.309 0.516 0.6073

Reference

INMET - Instituto Nacional de Metereologia (2022) Accessed in October 2022
(https://portal.inmet.gov.br/)

Legendre P, Anderson MJ (1999) Distance-based redundancy analysis: testing multispecies
responses in multifactorial ecological experiments. Ecological monographs, 69(1):1-24
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For subtropical Brazilian grasslands, few restoration techniques are established, and seeds of native grassland species are not
available on the market. Here, we evaluated the effect of physical barriers (PB) on vegetation recovery in a degraded grassland.
We considered species that exhibit attributes in their diaspores that facilitate dispersal as well-dispersed species (WDS) and
compared the proportion of WDS at our site to their proportion in the regional species pool. To analyze plots near and distant
from the PB, we calculated the extrapolated metrics by an asymptotic estimator (double sample size of each distance). We found
74 species in the degraded area, with higher richness and Shannon diversity values closer to logs, but higher Simpson values
with larger distance from logs. Almost half of the species in the degraded area are WDS, more than in the regional species pool.
While effects of logs on microsite conditions may also play a role (e.g. logs accumulating organic material or increasing
soil moisture, providing shade), our data indicates that the PB works as a seed trap favoring the occurrence of WDS. It seems
promising to develop applications in restoration, especially when associating PB with other restoration techniques to increase

availability of adequate germination and establishment conditions.

Key words: nucleation, open ecosystems, Pampa, seed limitation, seed rain

Implications for Practice

e Physical barriers, in our case wooden logs, can work as
seed traps for native species in degraded grasslands and
possibly create microsite conditions that are favorable
for vegetation establishment.

e The species that seemed to be most benefited by intercep-
tion of logs were those that exhibit structures in their
seeds that facilitate dispersal, as Andropogon spp., Aris-
tida spp., and Asteraceae species.

e Development of artificial seed traps appears to be a cheap
and simple way to enhance seed arrival in degraded grass-
lands, in particular when other ways of seed introduction
have not been established.

Introduction

In temperate grassland restoration, hay transfer, direct seeding
and topsoil application have been used to increase seed recruitment
(Kiehl et al. 2010; Klimkowska et al. 2010; Rydgren et al. 2010).
Restoration of tropical and subtropical grasslands and savannas
also is limited by seed availability (Buisson et al. 2019), making
passive restoration difficult (e.g. Koch et al. 2016; Torchelsen
et al. 2019). Degradation in these ecosystems due to human action,
such as afforestation or agricultural activities, among others, also
may affect soil features (e.g. physical and chemical characteristics;
soil seed bank). This makes active restoration necessary as the nat-
ural community has low resilience to severe degradation (Buisson
etal. 2019; Nerlekar & Veldman 2020). Removal of vegetation that

leads to the loss of belowground structure makes re-establishment
of native species especially difficult (Buisson et al. 2019).

For subtropical grasslands in Brazil, studies that tested
techniques of seed introduction still are scarce (e.g. Thomas
et al. 2019a, 2019b; Porto et al. 2022) and few generalizations
can be made about effectiveness of different seed introduction
techniques. At the same time, seeds of native grassland species
are not available on the market (Rolim et al. 2022), making res-
toration projects challenging. Hence, it is important to investi-
gate techniques that modify the environment in a way that
seed arrival and plant establishment from seeds in degraded
areas is enhanced.

In forest restoration, perches are successfully used to increase
seed rain at restoration sites (Guidetti et al. 2016). In grasslands,
seed dispersal by animals also may play a role in restoration
(see, e.g. Minervini Silva & Overbeck 2021 for the role of endo-
zoochory), but perches should be less successful as few grass-
land plant species are dispersed by birds. The most common
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Physical barriers as seed trap

species in subtropical grassland belong to the Poaceae and Aste-
raceae (Andrade et al. 2019), plant families that contain many
species that exhibit anatomical adaptations in their diaspores
that facilitate dispersion by wind or surface dispersal
(e.g. pappus in Asteraceae; silky hairs on dispersal units, light-
weight seeds, awns, dispersal as “tumbleweeds”; Cheplick 1998,
Cavanagh et al. 2020). This seed rain can be intercepted by
physical barriers (PBs), increasing seed establishment, which
may promote vegetation development at degraded sites (Fick
et al. 2016). In addition, PBs can also increment plant establish-
ment by changes of site conditions, creating safe site for germi-
nation, due to shading, accumulation of organic material and
retention of sediment and litter (Fick et al. 2016).

Here we took advantage of an “unplanned experiment” to
analyze the potential of PBs, created by wooden logs, to trap
seeds and facilitate the establishment of grassland species. At a
site originally covered by natural grassland where the topsoil
had been removed, wooden logs had been placed to prevent fur-
ther degradation due to human action in the area. Seven years
later, we observed some recovery of the native species. We com-
pared plots closer to and distant to the logs in terms of species
richness and diversity to verify if logs served as seed traps.
We identified species that exhibit attributes in their diaspores
that facilitate dispersal (well-dispersed species [WDS]) in our
sample and in the regional species pool and compared the
percentage of WDS with these attributes in the degraded area
with those that could potentially colonize.

Methods

Study Area and Data Collection

The degraded grassland site is located in Saint’Hilaire Munic-
ipal Natural Park (—30.102319°S, —51.088843°W), in
Viamdo and Porto Alegre municipalities in Rio Grande do
Sul State, Brazil (Fig. 1). The vegetation in Saint’Hilaire Park
consists of a mosaic of grassland and forest patches. Climate
is Cfa according to the updated Koppen system, that is, sub-
tropical without a marked dry season and with hot summers
(Peel et al. 2007). At the study site (total area 1700 m?) vege-
tation and topsoil had been removed to perform aeromodelling
activities (flying of airplane models). To prevent this activity
in the protected area, wooden (eucalypt) logs were placed at
the site in 2012 (Fig. 1D). To evaluate the effect of the logs
in enhancing vegetation development, we evaluated, in
December 2019 (7 years after placement of logs), vegetation
cover in 10 transects, established randomly perpendicular to
pairs of logs.

Along each transect, the vegetation was surveyed in square
plots of 0.25 m?. The number of plots varied according to the
distance between logs, totaling 125 plots. All plant species were
identified within plots and their ground cover was estimated
using a decimal scale (Londo 1976). The species nomenclature
followed the Tropicos website (Tropicos 2020) for exotic spe-
cies and the Flora do Brasil (Flora do Brasil 2020) for native
species.

Data Analysis

Due to different distances between logs, number of plots
per transect varied, and shorter distances were better represented
in our sample than longer distances (see Table S1). Based
on observed species richness from each plot (S number of
species) we randomly picked species form the regional pool
(using function “sample” from package “base” in R). In other
words, we simulated communities with the same observed rich-
ness from the plots but formed by random species that could
potentially occur in the plots. For each simulated and observed
community we calculated the percentage of WDS and we com-
pared simulated and observed values using a Kruskal-Wallis
test followed by a post hoc Nemenyi test for contrast between
groups (Hollander et al. 2015). This approach is similar to the
one used by de Bello et al. (2012), however, much simplified
since we do not calculate functional diversity, instead we only
calculate frequency of one functional group (WDS). Therefore,
we extrapolated species richness (Hill numbers of order ¢ = 0)
and diversities (Shannon diversity and inverse of Simpson
concentration corresponding of Hill numbers of order ¢ = 1
and g = 2, respectively) using the iNEXT package (Chao
et al. 2014; Hsieh et al. 2016) in the R Statistical Environment
(R Core Team 2022). For this, we calculated the extrapolated
metrics by an asymptotic estimator using the double sample size
of each distance class, assuming a 95% confidence interval
based on 999 replications.

All species were classified according to the presence or
absence of attributes in their diaspores that facilitate dispersal,
such as pappus, silky hairs on dispersal units or awns. We call
these species well-dispersed species (WDS). To test if these spe-
cies were preferentially trapped by the PBs, we compared the
proportion of species with the same attributes from a reference
site and from the regional species pool (i.e., considering all spe-
cies that could potentially colonize the plots). To access the
regional grassland species pool we gathered information from
three databases: (1) SpeciesLink (CRIA 2022), looking for her-
baria registers of grassland species that mentioned the Saint’Hi-
laire Municipal Natural Park as sampling local; (2) grassland
species of the Flora of the Saint’Hilaire Municipal Natural Park
(de Mello et al. 2018); and (3) a vegetation sampling carried out
by us in a reference site nearby the degraded area. The reference
site was a natural grassland area of 3.8 ha, sampled by 31 plots of
1 m?, where all species were recorded (PA Thomas, unpub-
lished data).

The analyses were performed using ggplot2, PMCMRplus,
and stats packages in R environment (Pohlert 2022; R Core
Team 2022).

Results

A total of 74 species from 15 families were found in plots at
the degraded site (Table S2). Nine individuals were not iden-
tified to the species level. Poaceae was the richest family with
26 species, followed by Asteraceae (22) and Rubiaceae (6).
The species with highest mean cover (25%) were Aristida fili-
folia (Arechav.) Herter, Andropogon lateralis Nees,
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Figure 1. (A) Study area in Rio Grande do Sul state (RS), Brazil; (B) location of Saint’Hilaire municipal Natural Park, immersed in the urban landscape;
(C) degraded grassland analyzed in this study case; (D) ground-level view of the study site; (E) aerial view of the study site in 2021. Study transects were
distributed between the pairs of logs.

Eryngium horridum Malme, Galianthe fastigiata Griseb., and Species richness was highest closest to the PBs and generally
Chamaecrista repens (Vogel) H.S.Irwin & Barneby decreased with distance from the log (Fig. 2A). For estimated
(Table 1). Shannon diversity, the plot closest to the PB (0-0.5 m) presented
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Physical barriers as seed trap

the highest value compared to the other distances (Fig. 2B).
Simpson’s diversity showed higher values for those plots far
from the logs (Fig. 2C). Furthermore, total ground cover was
also negatively affected by distance from logs (Fig. S1).

Our characterization of the species pool resulted in 318
species (Table S2). The richest families were Asteraceae with
90 species, followed by Poaceae (63) and Fabaceae (26).
One third of these species (33%) had diaspores with attributes
that facilitate dispersal (WDS). At the degraded site, 43.2%
had these attributes, and these species also showed the highest
cover values (Table 1). Logs trapped more WDS than expected,
based on the regional species pool (Fig. 3, y* = 88.59, p = 0.18)
or the reference grassland (y* = 5.86, p = 0.05).

Discussion

Our data indicated that the presence of PBs enhanced the estab-
lishment of native plant species in a degraded area with bare soil.
The most species-rich families were Asteraceae (22 species) and
Poaceae (26 species), and the established community included
WDS such as Aristida and Andropogon species. Rubiaceae
(six species) was the third family in the degraded area, including
several Richardia species (R. brasiliensis Gomes, R. grandiflora
(Cham. & Schltdl.) Steud. and R. humistrata (Cham. & Schltdl.)
Steud.). Species of this genus can be considered ruderal and are
commonly found in anthropic environments and areas modified
by humans (Lorenzi 1991; Cruz & Martins 2015). The presence
of ruderal species in degraded grassland areas after highly
impacting activities is common (Le Stradic et al. 2018; de Souza
Vieira & Overbeck 2020), especially Richardia species (Vieira
et al. 2022).

Fick et al. (2016) demonstrated the effectiveness of barrier
structures to mitigate desertification processes and enhance
plant recruitment in a degraded semiarid grassland. In their
study, Fick et al. (2016) combined barriers with seed addition
and soil disturbances, but the increased survival of grass seed-
lings was likely improved due to the barriers, which suggests
that these structures may have functioned as artificial “nurse
plants.” Importantly, barriers can have effects beyond enhancing
seed arrival: the high cover of moss (mean value of 8.16% in all
plots) in the plots closest to the logs in our study indicates that
the logs also lead to a modification of local microclimate, main-
taining higher levels of soil moisture. Furthermore, moss may
also serve as seed traps, as shown in peat bogs and peatlands
where this group of plants is recommended for restoration
(Groeneveld et al. 2007). Planting nurse plants has been applied
and evaluated in different open ecosystems (see Castellanos
et al. 1994 and Rubio-Casal et al. 2001: saltmarshes; Hulvey
etal. 2017: dryland in general, “restoration island”’; Franks 2003:
“coastal dunes”; Holl et al. 2021: planting patches, “applied
nucleation”) and may lead to the establishment of “islands of
fertility” (Gornish et al. 2021) where vegetation development
is facilitated. However, the use of nucleation-based techniques
in the restoration of grasslands is still little explored (Shaw
et al. 2020).

The spatial patterns of vegetation at the degraded site demon-
strates that the PBs provided a greater richness of individuals

close to them with a gradual decrease as the distance increased.
The Simpson index, which gives more weight to abundant spe-
cies, indicate that the plots closest to the PBs showed a less even
community composition in their abundances. Species of the
genus Aristida had the highest cover values and occurred mainly
closer to the logs. Aristida spp. form large tussocks which con-
tributes to their dominance, reflected by the Simpson index.
However, when we measured plant diversity using Shannon

Table 1. Partial floristic list of species found in the log area in the Saint’Hi-
laire municipal Natural Park (only species with mean cover >0.05%—
Table S1 for full floristic list). Species ordered by highest cover values and
then family; in bold species that exhibits anatomical adaptations in their dia-
spores that facilitate their transport (well-dispersed species).

Mean

Family Species cover (%)

Poaceae Aristida filifolia (Arechav.) Herter 41.12

Poaceae Andropogon lateralis Nees 11.60

- Moss 8.16

Apiaceae Eryngium horridum Malme 6.00

Rubiaceae Galianthe fastigiata Griseb. 5.76

Fabaceae Chamaecrista repens (Vogel) H.S. 5.36
Irwin & Barneby

Poaceae Schizachyrium sp. 4.80

Poaceae Aristida laevis (Nees) Kunth 4.48

Poaceae Andropogon selloanus (Hack.) 3.68
Hack.

Poaceae Dichanthelium sabulorum (Lam.) 2.64
Gould & C.A. Clark

Poaceae Aristida flaccida Trin. & Rupr. 2.56

Poaceae Melinis repens (Willd.) Zizka 2.40

Asteraceae Baccharis dracunculifolia DC. 1.84

Poaceae Eragrostis polytricha Nees 1.68

Poaceae Piptochaetium montevidense 1.60
(Spreng.) Parodi

Rubiaceae Borreria verticillata (L.) G.Mey. 1.28

Asteraceae Gamochaeta simplicaulis (Willd. ex 1.12
Spreng.) Cabrera

Turneraceae Piriqueta taubatensis (Urb.) Arbo 1.04

Poaceae Stenotaphrum secundatum (Walter) 1.04
Kuntze

Asteraceae Achyrocline satureioides (Lam.) 1.04
DC.

Asteraceae Disynaphia ligulifolia (Hook. & 0.96
Arn.) RM.King & H.Rob.

Fabaceae Crotalaria tweediana Benth. 0.96

Onagraceae Oenothera sp. 0.96

Poaceae Eragrostis neesii Trin. 0.96

Campanulaceae Wahlenbergia linarioides (Lam.) 0.88
DC.

Asteraceae Orthopappus angustifolius (Sw.) 0.88
Gleason

Poaceae Schizachyrium condensatum 0.80
(Kunth) Nees

Rubiaceae Richardia brasiliensis Gomes 0.80

Poaceae Axonopus affinis Chase 0.72

Asteraceae Baccharis crispa Spreng. 0.64

Poaceae Axonopus suffultus (Mikan ex Trin.) 0.56
Parodi

Poaceae Paspalum plicatulum Michx. 0.56

Poaceae Setaria parviflora (Poir.) Kerguélen 0.56
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Figure 2. Species richness and diversity of degraded grassland plots in relation to the distance of the physical barriers, calculated based on Hill numbers: g = 0
species richness, ¢ = 1 Shannon diversity, and ¢ = 2 inverse of Simpson concentration (Chao et al. 2014). Dots represent mean values, whiskers maximum and

minimum values, gray area is +SE.
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Figure 3. Percentage of well-dispersed species observed in each plot (for the
sites that were sampled) or in each random draw from the species pool. Dots
represent mean values, thin whiskers are maximum and minimum intervals,
thick whiskers are standard deviation, curves represent the density values for
each percentage.

diversity, plots closest to the PBs appeared as more diverse, due
to higher weight of species richness.

Despite the effectiveness of PBs to trap seeds, 7 years after
they were installed (2013-2022, personal observation), a large
portion of the soil remained exposed, especially further in all
away from the logs, even though the study site is immersed in
conserved natural grasslands. Apparently, the proximity of
grasslands did not supply enough propagules. Alternatively,
the site conditions were too severe (e.g. Fick et al. 2016) to pro-
mote fast establishment and vegetation cover, that is, there could
be microsite limitation, wherein recruitment of individuals
remains limited in spite of seed availability, often requiring dis-
turbances, for example in soil surfaces to break physical crusts
and facilitate seed burial (Fick et al. 2016). While the use of
PBs appears to be promising, apparently it is not sufficient in

the studied system and the creation of adequate conditions for
plant establishment is also important. Nonetheless, the effi-
ciency of PBs to increase seed rain in grassland restoration
should be studied to disentangle the mechanism(s) at play (seed
trap vs. change in microsite conditions). Needless to say, such
barriers do not need to be heavy tree logs, but could be made
of light and portable materials and thus could be a low-cost
and easy to implement technique. Such experiments should also
include the evaluation of factors such as the importance of wind
direction and ideal height of barriers. Overall, improved knowl-
edge on dispersal and recruitment processes in grasslands is
important to find ways to increase seed rain in grassland restora-
tion and thus facilitate restoration (Arruda et al. 2018; Torok
et al. 2021), even if seed introduction may remain necessary in
many cases.
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Figure S1. The relationship between distance from the logs and ground cover of vegetation (%) represented by a linear model at the study site in Saint’Hilaire

Municipal Natural Park/Brazil.

Table S2. Grassland species list for the study site (StuSite) in Saint’Hilaire Municipal Natural Park/Brazil, sampling carried out around the study area
(AroudArea), Flora of the Saint'Hilaire Municipal Natural Park (FSH) and SpeciesLink (SpLink). The species were classified according to the presence or absence

of traits that facilitate dispersion in their diaspores — well-dispersed species (WellDisp); *exotic species.

Family Species Authors StuSite AroudArea FSH SpLink WellDisp
Acanthaceae Ruellia hypericoides (Nees) Lindau X X
Amaranthaceae Iresine diffusa Humb. & Bonpl. ex Willd. X
Amaranthaceae  Pfaffia tuberosa (Spreng.) Hicken X X X X X



Amaryllidaceae
Amaryllidaceae
Amaryllidaceae
Amaryllidaceae
Amaryllidaceae
Amaryllidaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apiaceae
Apocynaceae
Apocynaceae
Apocynaceae
Apocynaceae
Araliaceae
Araliaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Nothoscordum bonariense
Nothoscordum montevidense
Zephyranthes gracilifolia
Zephyranthes mesochloa
Zephyranthes pedunculosa
Zephyranthes tubispatha
Centella asiatica
Cyclospermum leptophyllum
Eryngium chamissonis
Eryngium ciliatum

Eryngium elegans

Eryngium eriophorum
Eryngium horridum
Eryngium megapotamicum
Eryngium nudicaule
Eryngium pristis

Eryngium sanguisorba
Mandevilla coccinea
Mandevilla longiflora
Oxypetalum arnottianum
Oxypetalum muticum
Hydrocotyle exigua
Hydrocotyle leucocephala
Acanthospermum australe
Achyrocline flaccida
Achyrocline satureioides
Acmella bellidioides
Ambrosia artemisiifolia
Aspilia montevidensis
Aspilia pascalioides
Austroeupatorium inulaefolium
Austroeupatorium laetevirens
Baccharis articulata
Baccharis cognata
Baccharis coridiflora
Baccharis crispa

(Pers.) Beauverd
Beauverd

(Herb.) G.Nicholson
Herb. ex Lindl.
Nic.Garcia & S.C.Arroyo
(L'Hér.) Herb

(L.) Urb.

(Pers.) Sprague ex Britton & P.Wilson

Urb.

Cham. & Schitdl.
Cham. & Schitdl.
Cham. & Schitdl.
Malme

Malme

Lam.
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(Hook. & Arn.) Woodson
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(Weinm.) DC.
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(Sm.) R.K.Jansen
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(Kunth) R.M.King & H.Rob.

(Hook. & Arn.) R.M.King & H.Rob.

(Lam.) Pers
DC.

DC.
Spreng.

X X X X X X

X X X X X X X X

x

X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X

x

X X X X X X X X



Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
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Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae

Baccharis dracunculifolia
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Baccharis ochracea
Baccharis patens
Baccharis pentodonta
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Baccharis riograndensis
Baccharis spicata
Baccharis subopposita
Bidens pilosa

Calea pinnatifida

Calea uniflora
Campuloclinium macrocephalum
Chaptalia excapa
Chaptalia integerrima
Chaptalia nutans
Chaptalia piloselloides
Chevreulia sarmentosa
Chromolaena ascendens
Chromolaena congesta
Chromolaena elliptica
Chromolaena hirsuta
Chromolaena laevigata
Chrysanthemum myconis*
Chrysolaena flexuosa
Chrysolaena lithospermifolia
Cirsium vulgare*

Conyza blakei

Conyza bonariensis
Criscia stricta

Disynaphia ligulifolia
Elephantopus mollis
Erechtites hieracifolius
Erechtites valerianifolius
Galinsoga parviflora

DC.

DC.

(Lam.) Pers.
Spreng.
Baker

Malme
Malag.
Malag. & J.Vidal
(Lam.) Baill.
DC.

L.

(R.Br.) Less.
Less.

(Less.) DC.
(Pers.) Baker
(Vell.) Burkart
(L.) Pol.
(Vahl) Baker
(Pers.) Blake

(Sch.Bip. ex Baker) R.M.King & H.Rob.
(Hook. & Arn.) R.M.King & H.Rob.
(Hook. & Arn.) R.M.King & H.Rob.
(Hook. & Arn.) R.M.King & H.Rob.

(Lam.) R.M.King & H.Rob.
(L.) Cass.

(Sims) H.Rob.

(Hieron.) H.Rob.

(Savi) Ten.

(Cabrera) Cabrera

(L.) Cronquist

(Spreng.) Katinas

(Hook. & Arn.) R.M.King & H.Rob.

Kunth

(L.) Raf. ex DC.

(Link ex Spreng.) DC.
Cav.

X X X X X X X X X

X X X X X X X X

X X X X X X X X X X X X X X X X X

X X X X X X X X X X

X X X X X X

X X X X X X
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Gamochaeta americana
Gamochaeta filaginea
Gamochaeta pensylvanica
Gamochaeta simplicicaulis
Gyptis lanigera

Gyptis tanacetifolia
Holocheilus brasiliensis
Hypochaeris chillensis
Hypochaeris megapotamica
Lessingianthus polyphyllus
Lucilia acutifolia

Lucilia nitens
Moquiniastrum cordatum
Moquiniastrum polymorphum
Noticastrum sp.
Orthopappus angustifolius
Pluchea sagittalis
Porophyllum curticeps
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Resumo: As formacGes ecoldgicas abertas, também chamadas de formacgdes nao-florestais, sdo dotadas de
elevada biodiversidade e, apesar de possuirem elevado potencial para utilizagdes econémicas sustentaveis,
estdo negligenciadas nas politicas publicas de conservacgdo e preservacdo no Brasil. Objetivando fomentar
uma percepcdo holistica do atual cenario da formagdo campestre no estado do Rio Grande do Sul (RS), em
especial aos campos do Pampa, nds revisitamos a legislacdo estadual, buscamos dados de mudanca do uso
da terra em areas originalmente campestres e consultamos bases de dados eletrénicas dos municipios deste
bioma, a fim de averiguar como a esfera municipal estd lidando com a conversdo urbana da vegetacgdo
campestre. A partir disso, sugerimos um novo olhar para os campos, o qual denominamos de Consciéncia
Campestre. Esta tomada de consciéncia, embasada em questdes histdricas, politicas, econémicas, culturais
e ecoldgicas advém da necessidade imediata de reconhecimento as formacdes campestres no RS, a fim de
valorizar sua importancia e evitar sua extingao.

Palavras-chave: cegueira botéanica, conservacdo, formacdes ecoldgicas abertas, legislagdo ambiental, Pampa
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Abstract: Open ecosystems, or non-forest formations, are endowed with great biodiversity and, despite high
potential for sustainable economic uses, are neglected in public policies for conservation and preservation in
Brazil. In order to foster a holistic perception of the current scenario of these formations in the state of Rio
Grande do Sul (RS), in Brazil, especially in the Pampa grasslands, we revisit state policies and consult the
electronic databases of the municipalities in this biome in order to find out how the municipal sphere is dealing
with environmental licensing of natural grasslands. From this, we suggest a new look at grasslands, which we
call Grassland Consciousness. This awareness, based on historical, politics, economic, cultural and ecological
issues, opens up the immediate need for recognition of non-forest formations in RS.

Keywords: conservation, environmental legislation, open ecosystems, Pampa, plant blindness

Consciéncia Campestre: um chamado para o (re)conhecimento aos campos

“Eu quero andar nas coxilhas

Sentindo as flechilhas das ervas do chdo,
Ter os pés roseteados de campo,

Ficar mais trigueiro com o sol de verdo.
Fazer versos cantando as belezas

Desta natureza sem par [...]”

Céu, Sol, Sul, Terra e Cor — Leonardo, cantor nativista

Considere o que vem a sua mente quando vocé se depara com a palavra “galcho”.
Provavelmente, a figura de um homem com vestes tipicas, inserido em um contexto paisagistico
campestre. Atente para o cendrio em questdo: o campo. A formacdo vegetal campestre no Rio
Grande do Sul (RS) é a matriz que fundamenta a identidade cultural deste Estado?34. Essa matriz
é composta por grandiosa biodiversidade>® e repleta de elevado valor histérico e cultural. Assim, os
campos do RS caracterizam o bioma Pampa, além de comporem também a matriz paisagistica na
regido denominada Campos de Cima da Serra (CCS), que faz parte do bioma Mata Atlantica (MA).

O Pampa faz parte da formacao campestre denominada de Pastizales del Rio de la Plata que
se estende pelo Uruguai e nordeste da Argentina’. Apenas em 2004 o Pampa foi reconhecido como
bioma pelo Instituto Brasileiro de Geografia e Estatistica (IBGE)® e, apesar de restrito a um estado
da nacdo, somente em 2020 passou a ser citado e definido em legislacdo ambiental estadual, na lei
de protecdo a vegetacdo nativa do Rio Grande do Sul®. Entretanto, os campos da MA, que estdo
localizados no nordeste do RS e tem continuidade no estado de Santa Catarina, sdo regidos por
legislacdo especifica e hd mais tempo, especialmente pela Lei n° 11.428/2006%°, Decreto n°
6.660/2008! e Resolucdo CONAMA n° 423/2010%2.

Revista Bio Diverso | www.ufrgs.br/biodiverso | Vol. 1: Conservag¢do & Desenvolvimento Sustentavel

p. 165 Porto et al.: Consciéncia Campestre — o (re)conhecimento dos Campos



Os campos no RS estdo passando por drasticas transformacdes que sao facilmente notaveis
ao viajar pelas rodovias que os cortam. Grande parte desta transformacgdo é devida a conversdo dos
campos para uso do solo com agricultura e silvicultura'®**. Em algumas regides, para encontrarmos
relictos campestres, temos de nos contentar com as pequenas dreas que restam as margens das
vias, quando essas ja ndo estdo tomadas por espécies exdticas invasoras (como o capim-annoni,
Eragrostis plana, e a braquiaria, Urochloa spp.'®). ou com a continuacdoo de lavouras em faixas de
dominio de rodovias. Indo ao encontro dessa percepcdo, dados recentes sobre o uso do solo no RS*3
demonstram que, pelo menos desde 2005, temos mais areas com cultivos agricolas (cultivos anuais
e perenes) do que formacgdes campestres (Figura 1). Destaca-se a drea de cultivo de soja, que pode
ultrapassar em breve a area total de vegetacdo campestre no RS.
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Figura 1. Somatodrio das areas de formacgdo campestre dos biomas Pampa e Mata Atldntica comparada as
areas com agricultura (cultivos anuais e perenes) e, separadamente, a area plantada com soja entre os anos
de 2000 e 2019 no Rio Grande do Sul. Grafico gerado a partir de dados disponiveis no Projeto MapBiomas*3.

Este texto propde-se a tecer um olhar reflexivo sobre a conservagao e protecao dos campos
no RS, especialmente no Pampa, o bioma menos conservado do Brasil'®. Compilamos dados acerca
do aspecto legal e protetivo, sobre o manejo dos campos do Pampa dentro da esfera estadual e
municipal. Fundamentados em perspectivas ecoldgicas, histdricas, culturais e reflexivas,
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objetivamos construir (1) um entendimento de por que os campos do bioma Pampa estdo sendo
legalmente silenciados e destruidos e, a partir disso, (2) langar um novo olhar para os campos o qual
denominamos de Consciéncia Campestre.

A compreensao da dinamica campestre: disturbios e conservacao

De maneira geral, os ecossistemas campestres nas regides tropicais e subtropicais do globo, ao
longo de sua histéria evolutiva, foram moldados pelas mudangas no clima e pelos regimes de
disturbio, como o fogo!’ e pastejo??, tendo sua expansdo durante o Mioceno'?. Ndo diferentemente,
os campos da regido sul do Brasil, que sdo denominados Campos Sulinos, também assim evoluiram
e se formaram com a presenca destes processos ecoldgicos. Por volta de 8,5 mil anos atrds, os
Campos Sulinos ainda abrigavam mamiferos pastadores como a lhama e espécies semelhante aos
cavalos?%?!, preguicas-gigantes??, gliptodontes?® (falsos-tatus) e mastodontes nas suas extensas
planicies?4.

Estudos demonstram que a extincdo da megafauna, possivelmente, ocorreu devido a caca,
realizada por populagdes humanas que viviam nos campos, aliada a mudanga de um clima semiarido
frio para quente e imido?°. Desde entdo, com a extin¢do da megafauna e o consequente acumulo
de biomassa, o fogo, causado ou n3o por popula¢cdes humanas?®, passou a ser a principal causa de
disturbios dos campos, impedindo o avanco de espécies florestais?’ frente ao clima atual que
propicia tal mudanca.

Nesse sentido, percebemos que os disturbios fazem parte do sistema campestre e este é um
primeiro ponto que precisamos desmistificar. A aparente destruicao causada pelo fogo e pastejo na
vegetacdo campestre, na realidade, é um componente da dindmica desta formacdo®. A
bovinocultura extensiva praticada no RS sobre os campos do Pampa e da MA remete ao disturbio
enddgeno causado pelos grandes pastadores do passado e contribui para a manuteng¢ao dos campos
e da sua biodiversidade tipica. Na auséncia deste tipo de disturbio, se iniciam processos de
homogeneizacdo, com perda de diversidade e, possivelmente, sucessdo para fisionomias
florestais®®, devido ao clima atual. Considerando o fogo, Fidelis & Pivello® discutem a necessidade
de se incluir queimadas prescritas como ferramenta de manejo em unidades de conservacado (UC)
com ambientes campestres, uma vez que nestas dreas nem sempre ha pastejo. Recentemente no
RS, foi permitido uso de fogo prescrito como pratica de manejo em pastagens, nativas e exdticas,
desde que ndo seja de forma continua, mas mediante autoriza¢cdo do 6rgdo ambiental®l. Em
algumas unidades de conservacdo localizadas nos CCS, no RS, as queimas prescritas ja vém sendo
utilizadas como ferramentas de manejo (informacao pessoal; ver casos para o Cerrado, em Sampaio
e colaboradores3?). Entretanto, o debate ainda é recente e polémico, visto que hd pouco tempo
atrds esta conduta era tratada como tabu*3 e ndo como uma ferramenta de manejo e conservagdo.
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Considerando o histérico das politicas publicas de protecdo a natureza no Brasil, podemos
perceber que as primeiras leis surgiram para preservar o pau-brasil (Paubrasilia echinata (Lam.)
Gagnon, H.C.Lima & G.P.Lewis), espécie da MA extremamente explorada pelos homens brancos a
partir do ano de 1500. Naturalmente, conforme o passar do tempo, essas leis comecaram a
contemplar as florestas, hdbitat dessa e de inumeras outras espécies de valor comercial.
Reverberando no presente, as bases das politicas publicas atuais estao arraigadas nessa percepcao
do inconsciente coletivo de que temos que manter todo e qualquer ecossistema intacto, salvo de
gualquer disturbio. Juntamente a isso, as bases das politicas ambientais brasileiras estdo voltadas
para a preservacdo e conservacdo de ecossistemas florestais'® que possuem dindmicas muito
diferentes dos ecossistemas campestres.

Assumindo essa perspectiva, é importante ressaltar que as palavras conservagao e
preservacao tém sentidos distintos quando comparamos as formacgdes florestais e campestres. Ao
conservar e/ou preservar uma floresta, muitas vezes, evitam-se os disturbios, inclusive com
cercamento para evitar a entrada do gado. Por outro lado, para a conservacdo dos campos é
necessario que exista distirbio, mas com regime adequado, como por exemplo, o pastejo?®. O uso
dos campos para a criacdo de gado tem sido uma das principais atividades econémicas do RS desde
o século XVII, e que manteve o campo nativo. A criacdo de gado, tanto para o suprimento de carne
e couro, quanto para a producdo de leite, foi introduzida pelos jesuitas e o primeiro registro
histdrico de bovinocultura data de 1634, porém estima-se que antes disso os indios e jesuitas ja
haviam criado pequenos rebanhos34. De maneira geral, a pecudria é uma atividade compativel com

a conservacio dos ecossistemas campestres, desde que com carga animal adequada?® 3>,

No tocante a preservacao, os campos devem ser salvaguardados das atividades econdémicas
antrdpicas que nao condizem com a capacidade de resiliéncia que esse ecossistema possui, como
por exemplo, a conversdo total da vegetacdao. Ademais, a preservacao dos campos deve ocorrer
também no sentido de englobar formagdes campestres como areas protegidas dentro de UC, para
assegurar a ndo extin¢do dos diferentes sistemas ecoldgicos de campos, principalmente no RS3.

Mudangas no uso do solo nas regioes originalmente campestres do RS

Podemos perceber que ocorreram drasticas mudancgas no uso da terra no RS, entre os anos de 2000
e 2019 (Figura 1), com um elevado aumento na drea plantada de soja. Concomitantemente, houve
uma diminuicdo na drea cultivada de algumas espécies importantes economicamente para o RS
(Figura 2), principalmente na area cultivada de feijdo e mandioca (Figura 2a). A diversificacdo de
espécies cultivadas é de suma importancia econdmica e para garantir a seguranca alimentar frente
as demandas de consumo interno e mudangas no clima3’.

Revista Bio Diverso | www.ufrgs.br/biodiverso | Vol. 1: Conservag¢do & Desenvolvimento Sustentavel

p. 168 Porto et al.: Consciéncia Campestre — o (re)conhecimento dos Campos



e==[cija0 ¢ee Mandioca e=e=Uva ====Erva-mate ¢ee laranja == =Batata-inglesa 2
120.000

100.000 /\
80.000 “.X

6
5 ..'...
£ AT
g 60.000 AT
g ----------‘-’--------------------
540.000
=4
g....oo.ooooooocoooololo-o.o.o........'. R
P R —— S ——
0 T T T T T 1
N N N N N N N N N N N
2 8§ 2 28 8 &8 28 8 g g 8
o] © o . N w & &) » ~ [oc]
eessArroz == em|\jlho e=mmTrigo == ==Sijlvicultura ¢+ Fumo b
1.600.000
1.400.000 -y
N
\
1.200.000 S
~ 1.000.000
©
£
S 800.000
©
2
3 600.000
[
g
<C 400.000

200.000

8002
600¢
oLoc
cLoe
€102
102
S1L0¢
91L0c
L10C
8102

Figura 2. (a) Principais cultivos agricolas desenvolvidos no RS ao longo dos anos de 2008 a 2018; (b) Outros
cultivos que compdem a economia do Estado para o mesmo periodo. Graficos gerados a partir de dados
disponiveis no Atlas Socioeconémico do Rio Grande do Sul *%.

O aumento da area cultivada de soja e a consequente diminuicao dos demais cultivos, é o
resultado de um complexo cendrio geopolitico (para mais detalhes ver Pompeia 2018%°). Conforme
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Escher & Wilkinson®, no ano de 1999, apds a crise cambial, o governo federal da época investiu na
ativacdo das exportacdes do setor primario como uma estratégia para gerar saldos e controlar a
inflagdo. Com o passar do tempo, essas politicas foram incentivadas e mantidas ao longo das
diferentes governancas, apoiadas pelo interesse de produtores rurais e corporacdes do ramo
agrario*. Concomitantemente, a China passou a se desenvolver como poténcia econémica e a
liderar o mercado de importagdes de produtos em estado bruto (commodities). O Brasil ingressa
como um de seus parceiros comerciais, exportando principalmente soja, sendo o RS um importante
exportador desse grdo. Ainda, segundo estes autores*’, em vez de alimento para humanos, a soja
brasileira passa a ser matéria-prima para a fabricacdo de racdo para a suinocultura chinesa. Outra
destinacdo para a soja produzida no Brasil é a producao de biodiesel. Até 2023 ocorrera o aumento
da mistura de éleo de soja no biodiesel para 15%%*!. Este cendrio econdmico e politico demonstra a
pressdo pela producdo deste grdo nos préximos anos e explica o aumento da area plantada com
soja nos ultimos anos (Figura 1).

Apesar de outros cultivos apresentarem valores mais elevados em area plantada como o
arroz, trigo e milho (Figura 2b), a silvicultura ndo produz alimentos e é uma atividade que altera
drasticamente a cultura, a paisagem e o0s servicos ecossistémicos prestados pelos campos.
Composta, principalmente, por extensas monoculturas de espécies de Pinus e Eucalyptus, e, em
menor escala por Acacia, essa atividade foi incentivada por politicas publicas de fomento a
producio de madeira e celulose®. Esses incentivos comecaram na década de 1960 e 1970 com o
Pinus para a producdo de madeira e resina*®. Atualmente, grande parte da Planicie Costeira e do
Planalto do RS apresentam imensos “desertos verdes” compostos por espécies desse género*+*,

Para a metade sul do Estado, em meados dos anos 2000, os plantios de Eucalyptus spp. foram
fortemente retomados para o fomento da industria de celulose. Muito influenciado por grandes
industrias do ramo?, a promessa politica foi de desenvolvimento econémico para esta regido do
Estado*?. Este incentivo politico-empresarial pode ser compreendido quando consideramos a
histéria desta regido. Até final do século XIX e o inicio do século XX a metade sul do Estado era
referéncia nacional na producdo de charque e pecuaria extensiva. Porém, neste periodo, houve um
declinio econ6mico ocasionado por um complexo cendrio geopolitico da época composto
principalmente pela diminuicdo do preco da carne, diminuicdo do consumo de charque no Brasil,
falta de iniciativas tecnoldgicas nos processos produtivos do setor pecuario e a comparagdo com a
regido norte do RS que se destacava em diversificacdo de cultivos agricolas (mais detalhes em Rocha
2000%).

Nos primeiros anos de 2000 a area com floresta plantada (monoculturas) no Pampa
permaneceu na casa dos 150 mil hectares, iniciando um salto entre 2005 e 2006, quando passou
para a casa dos 175 mil hectares, chegando em 2018 a 456 mil hectares®3. A silvicultura instaurada
nos campos reduz a biodiversidade, descaracteriza habitats para fauna®’*8, assola o banco de
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sementes® e altera as taxas de carbono assimiladas no solo”°, isto é, reduz o servico ecossistémico
de grande relevancia exercido pelos campos. Além disso, as espécies de Pinus e Acacia apresentam
carater invasor e estdo se dispersando rapidamente para além das &reas plantadas®l>?.
Monoculturas, de maneira geral, reduzem a quantidade de mao de obra humana, colaborando com
0 éxodo rural e assim criando nao somente “desertos verdes”, mas também vazios demograficos.

A pecuaria, que é um importante pilar econdmico e cultural no RS, vem apresentando queda.
De 2008 a 2018 o numero de cabecas de gado e de ovelhas foi consideravelmente reduzido no RS,
gueda que se inicia juntamente com o periodo de crescimento da drea de soja plantada. A pecudria
se arraigou no desenvolvimento sociocultural do povo do RS e com o passar dos séculos a figura do
gaucho foi forjada sobre essa matriz campestre.

Como as formagoes nao-florestais, em especial o Pampa, estdao sendo tratadas nas
politicas publicas de licenciamento ambiental?

Desde 1981, ano da promulgacdo da Lei da Politica Nacional de Meio Ambiente®® o licenciamento
ambiental passou a ser um dos instrumentos para a protecdo da natureza no Brasil frente as
atividades antrdpicas. Alinhada a isso, a Lei Complementar Federal n2 140/2011°* fixa normas para
a cooperacao entre as esferas Federais, Estaduais e Municipais, visando a protecao da natureza, por
acdes administrativas menos centralizadas, como por exemplo, o licenciamento ambiental

municipal®*

. Nessa perspectiva, desde pelo menos 2003, a Secretaria do Meio Ambiente e
Infraestrutura (SEMA) do Estado do RS vém tentando promover a descentralizacdo dos
licenciamentos e fiscalizagdes ambientais pela integracdo com os entes municipais e sua capacitacao
para tal®>. Assim, no RS, dos 497 municipios, atualmente existentes, 480 estdo aptos a realizarem o
licenciamento ambiental local’®. A quantidade de municipios habilitados para o licenciamento

depende de termos e convénios firmados entre os entes, dessa forma, esses valores podem variar.

Algumas resolucdes®’, decretos!! e leis3!° discorrem sobre a protecdo e regulamentacdo de
atividades potencialmente degradadoras que podem envolver a vegetacdao campestre no RS. O
Conselho Estadual de Meio Ambiente (CONSEMA), em 2018, publicou a Resolucdo n2 372/2018>,
gue atualiza e define as atividades passiveis de licenciamento ambiental no ambito municipal e
estadual. E a partir dessa resolucdo que o Estado define e explicita a convers3o da vegetac3o nativa
campestre para uso alternativo do solo no bioma Pampa, como atividade passivel de licenciamento
ambiental. Nessa resolucao, tal atividade é classificada conforme sua localizacdo: em zona urbana
(CODRAM 10740,20), sendo de responsabilidade do municipio o processo de licenciamento

ambiental e, em zona rural (CODRAM 10740,00), quando o licenciamento da atividade compete ao
Estado.
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Considerando a legislacdo atual, a realidade do bioma Pampa e o conhecimento de que
muitas areas sdo convertidas sem autorizacdo legal®®, realizamos o levantamento nos 225
municipios ocorrentes no bioma para averiguar se esses entes administrativos possuem formularios
e/ou termos de referéncias para a solicitacdo de licenciamento da atividade. O termo de referéncia
é um instrumento comumente utilizado pelos drgdos ambientais como requisito inicial para o
requerente proceder a abertura do processo da solicitacdo de licenciamento ambiental (por
exemplo, licenciamento de atividades poluentes e/ou degradadoras das condi¢Ges ambientais,
como industrias, mineragdo, conversao da vegetacdo, etc.). Nos incluimos aqueles municipios que
apresentam seu territério total ou parcialmente dentro da delimitacdo do Pampa (Figura 3),
conforme definicdo do IBGE>®. Entre os meses de setembro a novembro de 2020, realizamos o
levantamento de dados de maneira online. Assim, nosso universo amostral foi composto pelas
prefeituras que disponibilizavam seus formuldrios e/ou termos de referéncias acerca das atividades
licencidveis em sitio eletronico ou plataforma digital.

Dos 225 municipios (Tabela Suplementar 1), apenas 68 (30,2%) disponibilizam seus
formularios online. Desses, 45 (66,2%) possuem formularios para solicitacdo de supressdo ou
manejo de espécies arbdreas e apenas um (1,5%) apresentou formulario para o licenciamento da
conversao de campo nativo em zona urbana no bioma Pampa (Mostardas). Alguns municipios, como
Arroio dos Ratos, Porto Alegre, Santo Antonio da Patrulha e Sao Miguel das Missdes, apresentaram
formuldrio em branco, gerado automaticamente pela plataforma digital, e por esse motivo nao
foram inclusos na contagem. Esses dados demonstram que os municipios do bioma Pampa
apresentaram defasagem na sistematizacdo eletrénica das Secretarias e Departamentos de Meio
Ambiente, ainda que, recentemente, existam incentivos legais por parte do Estado para tal (art. 231
da Lei 15.434/2020). A conversdo do solo em zona rural no Pampa, conforme Resolugio CONSEMA
372/2018, é uma atividade que deve ser solicitada junto ao 6rgdo estadual (FEPAM) por meio do
Sistema Online de Licenciamento Ambiental — SOL.

O descaso com o Pampa esta refletido se compararmos o baixo nimero de municipios que
apresentaram formulario para a atividade de conversao do uso do solo em zona urbana frente a
guantidade daqueles que apresentaram formuldrio para o manejo florestal, por exemplo. Mesmo
gue ao municipio, conforme legislagcdo atual (Resolugdo CONSEMA 372/2018), ndo seja permitido
licenciar a conversdo do uso do solo em zona rural, podemos perceber certa negligéncia ao bioma,
dado que estes municipios estdo inseridos no Pampa, muitos com maior cobertura vegetal
campestre do que com vegetacao florestal em sua area.
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Figura 3. Mapa demonstrando as delimitacdes dos municipios e a abrangéncia do bioma Pampa e Mata
Atlantica no Rio Grande do Sul. Aproximadamente, 68% do territdrio rio-grandense esta inserido no bioma
Pampa. (a) Mosaico vegetacional da Planicie Costeira em Mostardas; (b) Pastejo sob campo nativo em Sado
Gabriel; (c) Paisagem dos Campos de Cima da Serra e (d) intervengdes humanas: muro constituido de rochas
comumente encontrado nos campos para a delimitacdao de propriedades, em destaque uma intervencao
religiosa em Sado Francisco de Paula, nordeste do RS; Diversidade floristica dos campos em: (e) Mostardas -
no primeiro plano inflorescéncias das gramineas Ischaemum minus e Paspalum sp., tipicas nos campos
litoraneos; (f) Sdo Francisco de Paula; e (g) Rosario do Sul, em destaque as espécies Sisyrinchium sp., Juncus
sp. e Rhynchospora sp. Imagens: (a) Filipe Ferreira da Silveira; (b) Luciana da Silva Menezes; (d), (f) e (g)
Rosangela Gongalves Rolim; (e) Lua Dallagnol Cezimbra e; (c) Laboratdrio de Estudos em Vegetacdo

Campestre.
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Além das mudancas no uso do solo em zona rural, anteriormente discutido, o crescimento
horizontal das zonas urbanas ameaca os fragmentos campestres que ainda resistem a esta tensao.
O Jdltimo censo demogréfico brasileiro®® demonstra que 84,4% da populacdo total do pais
encontram-se nessas areas e, até 2030, estima-se que 60% da populagcdo mundial vivera em areas
urbanas®l. Assim, se faz urgente que o poder publico, municipal e estadual, perceba o cerceamento
existente aos relictos campestres localizados nas zonas de projecdes de crescimentos urbanos e
criem formas de protecao do mesmo, evitando sua extincdo em ambito local. Existe um potencial
de conservagdo das formagGes campestres imersas em pragas e/ou parques dentro de centros
urbanizados que precisam ser reconhecidas, conservadas e protegidas (por exemplo, Rolim®2).
Nesse sentido, é imprescindivel o desenvolvimento de planos diretores municipais que ordenem o
desenvolvimento ecolégico e econémico, visando o direito ao meio ambiente ecologicamente
equilibrado, conforme a Constituicdo Brasileira estabelece, que incumbe ao Poder Publico a
necessidade de assegura-lo.

Mesmo antes do Pampa ser definido como bioma, a ocorréncia de uma formacao iconica,
restrita a um estado da nacdo, deveria ser motivo suficiente de preocupacao, no ambito legal, para
a preservacao e conservacao. Entretanto, o estado do RS apenas recentemente incluiu a atividade
de conversdo do uso do solo em zona rural e urbana, como atividade passivel de licenciamento
ambiental para o Pampa (Resolu¢do CONSEMA 288/2014, substituida pela Resolu¢do CONSEMA
372/2018(56)). Somado a isso, ainda faltam diretrizes que guiem os parametros e critérios
necessarios para a liberacdo ou ndo da conversdo para o uso do solo, assim como ha para a MA
(Resolugdo CONAMA 423/2010(12)). O corte de arvores, por exemplo, é mitigado pela exigéncia
legal do plantio de mudas de espécies nativas ou de outras maneiras®3. A supressdo da vegetacdo
campestre do Pampa ainda carece, sob o ponto de vista legal, de medidas de protecao semelhantes
as florestais, uma vez que areas bem conservadas ou degradadas sdo tratadas da mesma forma,
tendo ambas a supressao autorizada se ndo estiver a mesma em area de Reserva Legal. Atualmente,
o técnico ambiental apenas verifica se existem espécies ameacadas no pedido de conversdo da
vegetacdo campestre, e, muitas vezes, este ndo tem conhecimento suficiente sobre o tema nem
parametros legais como base. E dever, principalmente dos Estados, legislar mais especificamente
sobre as formagdes ecoldgicas Unicas do seu territério, com a finalidade de proteger de maneira
adequada suas peculiaridades, como consta na Constituicdo Federal.

Também é de suma importancia que o Estado revise as normas de aplicacdo do Cadastro
Ambiental Rural para a vegetacdo campestre instituidas no decreto 52.431/2015%%. Este
instrumento legal considera, entre outras providéncias, que a drea com atividades pastoris é area
consolidada, assim essas dreas que receberam uma atividade condizente com a manutencdo do
campo e mantiveram a vegetagao nativa campestre ao longo dos séculos, atualmente, ndo estdo
sendo nem consideradas como remanescentes, muito menos dreas a serem legalmente
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conservadas. Além disso, as Reservas Legais das propriedades rurais localizadas no Pampa deveriam
ter como norma a necessidade de contemplar especialmente a vegetacdo campestre. Sem essa
garantia, e considerando que o Pampa é um bioma que apresenta predominio de vegetacdo
campestre, significaria entdo que o principal meio legal de conservacdo dos biomas® n3o estaria
cumprindo seu objetivo no Pampa. Recentemente, este decreto esta sob acdo civil publica que
tramita na 102 Vara da Fazenda Publica do estado do Rio Grande do Sul, pois 0 mesmo esta sendo
interpretado como inconstitucional®®.

A falta de fiscalizacdo na conversdo ilegal para o uso do solo no Pampa®® tem por
consequéncia 0 aumento da degradacdo ambiental. E de conhecimento popular que o corte de
arvores necessita de autorizacdo do drgdo ambiental, porém o mesmo é desconhecido ou ignorado
para os campos, sendo importante que a populagdo em geral conheca a legislacdo ambiental. Talvez,
ainda componha o imaginario popular que os campos seriam oriundos de um estdgio inicial
resultado da conversdo outrora de floresta?®. Este engano faz com que praticamente apenas a
conversao ilegal da vegetacao florestal seja denunciada aos érgaos ambientais. Considerando que
os 6rgdos ambientais tém estruturas minimas de funcionamento e, geralmente, ndo tem condicdes
de detectar todos os casos de crimes ambientais, é fundamental que a populagdo denuncie também
as conversdes de campo nativo. A fiscalizacdo é obrigada a verificar e dar o andamento legal as
denuncias que a estes chegam .

Existe apelo pela conservag¢ao da vegetacao nao-florestal?

De maneira geral, os ambientes com formacgdes nao-florestais sdo negligenciados nas politicas
publicas de protecdo e conserva¢do*?. Ndo somente neste ambito e ndo apenas no Brasil, mas a
propria Agenda 2030 da ONU®8, elaborada por diversos paises, priorizou os ecossistemas florestais
em seus objetivos acerca da conservacdo e desenvolvimento sustentavel, apesar da cobertura
mundial de ecossistemas campestres (53.544.000 km?) ser maior (quase o dobro) do que a florestal
(29.905.000 km?)®,

A implementacgao e reforgo de tais politicas sao influenciados por pressdes da sociedade. A
sociedade parece manifestar mais apreco as politicas de protecdo aos ecossistemas brasileiros de
floresta Umida, como a Amazoénia e a MA, quando comparamos as formacdes nao-florestais. Mais
recentemente, o Pantanal e os manguezais vém despertando interesse e preocupacao por parte da
sociedade’®’!, Por outro lado, ecossistemas brasileiros extensos e cuja vegetacdo difere das
exuberantes florestas tropicais Umidas, como, além dos Campos Sulinos, o Cerrado e a Caatinga,
continuam sendo ignorados ou negligenciados pela populacdo de modo geral. Relativamente a
Caatinga, autores comentam que um dos grandes desafios para conseguir apoio para projetos na
regido é o estigma histdrico sofrido pelo bioma e a visdo negativa que habita o imaginario da
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sociedade brasileira’?. Eles alertam sobre os riscos que representa a rapida degradacdo em curso na
Caatinga, que levou a perda de 65% de sua cobertura original. Além disso, 40% da area desse bioma
estdo em situacdo de susceptibilidade a desertificacdo. Apesar de todos esses riscos, somente 8%
da Caatinga sao protegidos por UC federais. Isso corresponde a apenas 50% da meta de protecao
terrestre para os biomas brasileiros, segundo a Convencdo da Diversidade Biolédgica das Nacdes
Unidas’3.

Originalmente o Cerrado cobria um quinto do territdrio do pais. Situa-se entre os grandes
biomas de florestais tropicais, Floresta Amazonica e MA, e tem sofrido intensa degradagao por meio
de transformacdo de suas dreas em cultivo e pastagens. Atualmente, se o ritmo de degradacao
continuar, 34% do que resta do Cerrado serd perdido até 205074, O Cerrado é outro bioma brasileiro
gue ndo tem merecido, de parte da sociedade, manifestacGes de apoio a sua sustentacdo. Ofuscado
pela fama internacional da Amazénia, o Cerrado ficou esquecido — e ameacgado’>.

O estigma e a indiferenca da sociedade brasileira em relacdo aos biomas como Caatinga e
Cerrado certamente tiveram reflexo ao ndo merecerem o reconhecimento como patriménios
nacionais pela Constituicdo Federal Brasileira de 1988. Isso contribui enormemente para que eles
venham recebendo tratamento marginal nas politicas de conservacdo®. Apenas recentemente
organizacdes nacionais lancaram peticGes para que os dois biomas, juntamente com o Pampa, se
tornem patriménios nacionais’>’®, Uma vez que com o Pampa a situac¢do n3o é distinta, trata-se de
outro bioma que ndo encontra acolhida na percepc¢ao da sociedade em geral, segundo a qual todos
os ambientes naturais seriam florestas exuberantes. Apesar do apelo cultural, o Pampa é
estigmatizado e tem sido negligenciado pela populacao, pelos meios de comunicacdao e mesmo pela
legislacdo ambiental, num Estado que cultua tradicbes que sé existem devido a presenga dos
campos.

Como enxergamos as formagoes nao-florestais: estariamos vivendo uma “cegueira
campestre”?

Na percepcao e no processamento de estimulos captados pela visdo, a neurofisiologia humana é
condicionada a priorizar imagens associadas a movimentos, padrdes salientes de cores e seres
ameacadores. As plantas sdo seres sésseis e estaticos, ndo se alimentam de humanos e confundem-
se com o panorama verde de fundo, diante do qual percebemos os animais movendo-se. Por essa
razdao, nos ecossistemas e na nossa vida cotidiana, tendemos naturalmente a reconhecer mais
facilmente os componentes da fauna, e muito menos os da flora’’. Isso é nitido na sociedade, nos
meios de comunica¢do e na educacdo. E notdria em muitos paises (para n3o dizer em todos) a
preferéncia de estudantes por temas relacionados ao ser humano e aos animais, em contraste com
um desinteresse ou antipatia por temas relacionados as plantas. Em nossa visdao do mundo
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biolégico, predomina um viés, com explicita preferéncia para temas zooldgicos, em clara
contraposicdo a uma negligéncia voltada a estudos botanicos. Na area de ensino de Biologia, foram
cunhados termos para designar esse viés, entre eles Negligéncia Botanica e Zoocentrismo’’. Os
elementos de nossa formacado cultural, desde o ambiente doméstico até o ensino superior, com
acréscimos de matérias de jornais, revistas, televisdo e cinema, convergem para criar uma
dificuldade de se perceber as plantas como seres fundamentais para o nosso bem-estar e
manuteng¢do da vida no planeta. Para caracterizar essa dificuldade, que é inerente em nods e
reforcada pelo ambiente cultural, criou-se o termo Cegueira Botanica’’. E importante o alerta sobre
a realidade da cegueira botanica e a necessidade de valorizacdo do conhecimento sobre plantas,
para que o edificio da Biologia ndo fique carente de um de seus pilares fundamentais 779,

Como uma possivel consequéncia ou extensao dos efeitos da cegueira botanica, retornamos
ao questionamento inicial: estariamos imersos em uma cegueira campestre? De modo semelhante
ao arranjo em planos distintos que as pessoas mentalmente fazem no apreco sobre plantas e
animais, hd também uma notdria distingdo na sociedade, nos meios de comunicagao, entre as
autoridades e os tomadores de decisdo na avaliacdo da importancia relativa de diferentes tipos de
vegetacdo. Nao que estejamos excluindo a importancia e a relevancia dos animais neste ambiente,
mas sim, que a simples existéncia deles contribui para uma invisibilizacdo do protagonismo das
plantas. Em todas essas instancias, percebe-se maior apreciacdo e preocupacdo de medidas de
protecdo para determinados ecossistemas em detrimento de outros, que sdo estigmatizados ou
vistos como desimportantes e ndo merecedores de cuidados de conservacdo. Assim é que as
florestas Umidas por passarem por ameacas muito antes dos campos, sdo admiradas e foram, até
entdo, mais valorizadas pela sociedade e pelos meios de comunica¢gdo. Como resultado, foram
objetos de medidas oficiais de protecdo e conservacdao, como a legislacdo ja comentada, e mesmo
com o maior nimero de UC. Por outro lado, as formacdes campestres continuam recebendo pouca
ou nenhuma atencao especifica, apesar do valor ecossistémico dos campos ser tao importante
guanto o de qualquer outro sistema ecolégico, e da existéncia de legislacio ambiental protetiva a
todos os biomas de maneira geral®. Uma consequéncia direta dessa negligéncia é o rapido declinio
gue se observa nas dareas de vegetacdo dos campos nativos no RS, conforme mostrado,
anteriormente.

Para explorar a percepc¢do exposta acima, nos apropriamos da arte enquanto entidade de
representacdo do que vivemos. Podemos observar que algumas poesias, ao se referirem a natureza
campestre do RS, apresentam em suas composicdes um paradoxo inquietante que fomenta nossa
discussdo. O gaucho, ser mitico concebido na matriz campestre, tem seu cendrio descrito com as
apropriacdes das paisagens naturais. O trecho trazido no inicio deste texto, de autoria de Jader
Moreci Teixeira, cantor nativista conhecido popularmente como Leonardo, compd&e a musica Céu,
Sol, Sul, Terra e Cor que é tida como simbolo do RS. Na obra, o autor se apropria de elementos

Revista Bio Diverso | www.ufrgs.br/biodiverso | Vol. 1: Conservag¢do & Desenvolvimento Sustentavel

p. 177 Porto et al.: Consciéncia Campestre — o (re)conhecimento dos Campos



paisagisticos como as coxilhas (colinas) que sdo variacdes topograficas que formam o relevo caricato
da planicie pampeana. Had também referéncias a diversidade vegetal dos campos: as flechilhas sdo
a denominacdo popular das espécies do género Nassella (Trin.) E. Desv., Jarava Ruiz e/ou
Piptochaetium J.Presl. Em “pés roseteados” o autor pode estar se referindo as fisgadas que sentimos
ao andarmos descal¢cos no campo nativo. Essa sensacdo pode ser causada por Soliva pterosperma
(Juss.) Less, que possui sementes envoltas em indumento rigido e pontiagudo que espetam, ou
ainda, pelas folhas espinhosas de algumas espécies de Eryngium L. Por fim o autor, analogamente,
se compara ao trigo maduro para se referir a mudancga na tonalidade da pele com a chegada do
verao em “ficar mais trigueiro como o sol de verdo”. Ao mesmo tempo em que esta musica é
adorada e entoada como hino neste Estado, as rosetas e flechilhas do campo estdo tendo sua matriz
destruida. O paradoxo se faz quando analisamos uma obra do poeta riograndense Ruy Ramos,
intitulada Velhos Troncos (grifo nosso):
Tronco e gaucho nasceram
no mesmo Pampa deserto,
pelearam de peito aberto,
enfrentando vendavais:
um no lombo dos baguais,
outro na furia do vento,

sempre livres, ao relento,
como centauros iguais...

Ruy Ramos enxerga seu Pampa deserto. Nao sabemos ao certo o objetivo do poeta ao
empregar esta caracteristica ao Pampa. Pode ser que ele estivesse se referindo a dificuldade de
encontrar pessoas ao longo das extensas planicies pampeanas. Entretanto, nos apropriamos desta
analogia para discutirmos aqui a existéncia de uma possivel “cegueira campestre”, visto o
silenciamento legal e a omissao social regida pela economia. De maneira geral, as pessoas nao
percebem a diversidade de vidas que pulsam no Pampa: Menezes e colaboradores® encontraram
mais de 50 espécies de plantas em um m? de campo. Assim, ao nos depararmos com a palavra
“galcho” o processo de semiose ndo considera a composicdo dessa matriz campestre na formacgao
desse ser. A economia regente alterou a paisagem em que esse galcho estd inserido, dessa forma,
um homem com vestes tipicas imerso em um campo nativo ou em uma lavoura de soja, ainda é
reconhecido como galcho. Mais profundamente, o sistema econdémico atual corrompeu, de
maneira velada, a matriz que originou esta identidade cultural. Identidade esta tdo arraigada aos
campos que os seguem e nao se restringe a delimita¢des geopoliticas podendo ser observada, de
maneira semelhante, também na Argentina e Uruguai.

Nesse sentido, apesar das geracOes passadas cantarem os detalhes observados na lida
campeira e as geragoes atuais cultuarem essas tradigdes, ndo ha a valorizagao ecoldgica necessaria
para que haja campos nativos para as futuras geracdes (ou mesmo para as atuais). A valorizacdo dos
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campos, em especial os do Pampa, requer que se (re)crie e se difunda uma atitude que pode ser
entendida no contexto da Psicologia Ambiental®#2, uma drea de estudo que, entre outros aspectos,
contempla as relagdes dos humanos com o ambiente, atribuindo importancia as percepcbes e
avaliacdes ambientais, além de comportamentos associados a elas®. Assim, propomos a designacdo
Consciéncia Campestre como uma nova percep¢ao em relacdo aos campos. O que compde esta
tomada de consciéncia é a necessidade de elevar o nivel de tratamento da vegetacao campestre ao
mesmo nivel em que as florestas sao tratadas. Para além, a Consciéncia Campestre € um chamado
para o despertar coletivo acerca da importancia econémica e ecoldgica da manutencdo dos
ecossistemas campestres. Como base, ha urgéncia na elaboracdo de uma legislacdo realmente
protetiva, principalmente a nivel estadual para o RS. Também a criacdo de politicas publicas que
incentivem economias sustentaveis condizentes com a conservacdo dos campos, atreladas a um
retorno monetdrio justo por isso, como a pecuaria em campo nativo que, apesar de estar sendo
amplamente debatida no ambito das Ciéncias Agrarias, Ecologia e na Geografia, € uma atividade
que se ndo incentivada, facilita a entrada de outros cultivos que transformam drasticamente a
paisagem como a silvicultura e a soja, por exemplo®4,

Precisamos também perceber as atividades econdmicas tidas, atualmente no RS, como
alternativas, mas que condizem com a manutencado e conservacao sustentdvel do campo, como o
potencial ornamental das espécies nativas, por exemplo, o capim-dos-pampas (Cortaderia selloana
(Schult. & Schult.f.) Asch. & Graebn.; ver as obras Stumpf et al.8> e Marchi & Barbieri®®), medicinais,
por exemplo, carquejas, tansagem®’, aromaticas e forrageiras®®, além de plantas alimenticias ndo
convencionais® e frutiferas®. A paisagem campestre ainda permite a exploracdo sustentavel por
meio do turismo, seja pelo valor cultural, paisagistico ou arquitetdnico®® ou ainda o enoturismo®?.
E, também, valorizar e melhor valorar os produtos pampeanos, como a |3 ou leite, além de outros
produzidos em menor escala.

Podemos pensar, ainda, em outras maneiras de desconstruir o status quo desta légica
econdmica e fomentar a Consciéncia Campestre, ao aproximar o conhecimento da importancia dos
campos a sociedade. A divulgacdo cientifica para o publico em geral acerca dos aspectos legais, da
flora e da fauna dos campos é uma importante ferramenta de sensibilizagdao e conscientizagao.
Afinal, ndo cuidamos ou ndo temos interesse por aquilo que ndao conhecemos. O ensino de Ciéncias
e Biologia nas escolas podem contribuir com essa aproximacao. Um exemplo pratico e simples é a
utilizacdo da fauna e flora local no momento da construcdo do saber. Especialmente para o Pampa,
um estudo recente demonstrou que o bioma é tratado de maneira simplificada e pouco
contextualizada nos anos iniciais de algumas escolas publicas localizadas em municipios imersos
nesta formac3o®3. Para diminuir esta distincia, entre o saber j& produzido pela academia e a
sociedade, algumas paginas online foram criadas com o objetivo de divulgar a biodiversidade do
Pampa como o Fauna Digital®* e a Flora Campestre®. A comunicacdo cientifica, por sua vez, é
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imprescindivel para que o conhecimento académico chegue aos técnicos e tomadores de decisdes
para, assim, fomentar leis condizentes e praticas de manejo e conservacao factiveis com as
peculiaridades e necessidades dos campos.

Comentarios finais para uma nova percepg¢ao

Os dados aqui discutidos escancaram as perdas que as formacdes ndo-florestais, especialmente os
campos do Pampa, vém enfrentando. Eles sdo resultados de processos de cunho politico e
econdmico, mas também por percepcdes de ordem coletiva, imersas em um contrassenso histérico-
cultural: a matriz campestre que influenciou a construgao de uma identidade cultural, esta sendo
destruida por um desenvolvimento econdmico ambientalmente inconsequente e insustentavel. E é
a partir deste panorama que a Consciéncia Campestre se faz urgente. Igualmente, a tomada de
consciéncia aqui proposta endossa a problematizagdo acerca do (re)conhecimento cultural da
histéria do RS que foi protagonizada inicialmente por indigenas que acabaram sendo silenciados e
invisibilizados por homens brancos. Importante ressaltar e relembrar que o chimarrao, antes de ser
apreciado pelo gaucho, foi cevado pelo indio.

A Consciéncia Campestre se faz ainda no tocante ecoldgico-econémico e da psicologia
ambiental, eixos distintos, mas que ndo devem ser tratados em separado. Sem um ambiente
saudavel ndao ha produtividade que renda lucros indefinidamente. Um exemplo pratico: das 141
espécies agricolas cultivadas no Brasil, 85 necessitam de polinizacdo; sendo importante manter
formacdes nativas proximas as areas de cultivo é para a producdo®®. Podemos citar, ainda, o uso
desenfreado de agrotdxicos para a producdo de soja, que vem prejudicando ndo apenas a vegetacao
nativa, mas a 4gua e a producdo de uva e vinhas na regido Sul do Brasil®’. Assim, é preciso repensar
o atual cenario econdmico do RS, que estd baseado em uma exploracao irracional de um ambiente
extremamente diverso, mas que continua reproduzindo uma légica econémica iniciada ainda no
periodo do Brasil colonia, que é baseada na exploracdo de fontes naturais e esgotaveis para
exportacdo. E fundamental e imediata a necessidade de reconhecimento do potencial social e
econdmico de atividades sustentaveis que podemos fomentar e desenvolver no RS.

Sobre este reconhecimento, mais uma vez, nos apropriarmos da arte com a musica de Vaine
Darde:

Mas que Pampa é este que recebo agora
Com a missao de cultivar raizes
Se deste Pampa que me fala a histéria
Nao me deixaram nem sequer matizes?
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A musica foi composta na década de 1990, quando ndao somente o RS, mas todo o Brasil
passava por grandes mudancas econdmicas e politicas. Apesar de se referir a esta questdao, o poema
musicado se faz atual e permite uma reflexdao sob a ética da conservagdo. Para que as matizes
campestres que ainda resistem perdurem, para que as futuras geracdes conhecam a sensacao de
ter os pés roseteados ao andar nos campos nativos, para que ainda haja natureza a se musicar, se
faz urgente uma transformacdo na percepcao da importancia dos campos e das formacdes nado-
florestais.
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Consideracdes finais

A presente tese demonstrou através de seus capitulos que a limitacdo de
sementes em campos degradados do Pampa pode ser superada pela aplicacdo de feno
fresco e estratégia de armadilhas de sementes. Os dados endossam o atual estado da
arte da restauracdo de campos pampeanos para o Sul do Brasil no que tange a
contribuicdo sobre a eficacia da transferéncia de feno, técnica utilizada a muito tempo
para os campos temperados. Nossos dados sobre a colheita em diferentes periodos
destaca a importancia do planejamento da restauracdo. A armadilha de sementes
apresentada evidencia a criatividade critica que pesquisadoras e pesquisadores, bem
como gestores e agentes de restauracdo devem ter durante o desenvolvimento de
projetos de restauracgao.

O primeiro capitulo enfatiza a importancia da remoc¢éo da serapilheira de pinus
para 0 sucesso da restauracdo de campos degradados apO0s o monocultivo desta
espécie. A restauracdo passiva neste caso ndo é o suficiente para o retorno da
vegetagdo nativa. O fogo se demonstrou uma potencial ferramenta de manejo para a
remocdo da serapilheira, sobretudo quando consideramos grandes areas a serem
manejadas. O feno foi eficaz para o retorno da vegetacdo nativa na area degradada:
diversas espécies encontradas na area referéncia se reestabeleceram nas parcelas
experimentais. Desmodium adscendes, Ischaemum minus e Chascolytrum uniolae sédo
algumas espécies de grande relevancia para os campos litoraneos que conseguiram ser

inseridas através da transferéncia de feno.

O segundo capitulo, oriundo dos questionamentos que surgiram apés a
conclusao do primeiro artigo, elucida que o periodo de coleta de feno importa para a
composicao floristica da &rea degradada. Ademais, podemos perceber que menos feno
parece mais eficaz para a riqueza e cobertura de espécies. Provavelmente, pelas
caracteristicas da area referéncia: campo nativo, sem distarbio e com elevada
guantidade de biomassa. Os dados evidenciam que os projetos de restauracdo devem

também considerar as caracteristicas da area referéncia onde o feno sera coletado. O
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feno coletado no meio da primavera e inicio do verdo apresentou uma composi¢do com
dominio de espécies Cs; enquanto o feno do meio do verdo apresentou mais especies
C.. Durante o desenvolvimento deste experimento houve estiagem e isso afetou a
comunidade vegetal. Entretanto, os dados enfatizam a necessidade de planejar mais de
um momento de insercdo de sementes na area degradada para amenizar a mortalidade

vegetal que o clima potencialmente causa.

O terceiro capitulo destaca a eficacia de armadilhas de sementes para fomentar
a chegada de sementes em area degradada. No referente estudo nos apropriamos de
toras que Eucalyptus sp. que foram alocadas em uma &rea campestre degradada.
Formando uma barreira fisica, essas toras interceptaram as sementes oriundas da
matriz campestres adjacente a area. Os dados demonstram que quanto mais proximo
das toras, maior a cobertura e riqueza de espécies vegetais. Assim, as toras
funcionaram como facilitadoras para a germinacdo e estabelecimento de espécies

nativas cam pestres.

No apéndice nés trouxemos um artigo que versa sobre a percepcao do estado
de conservacdo dos campos, especialmente os do Pampa. Discorremos sobre uma
retomada de uma visdo embasada na construcdo de uma Consciéncia Campestre para
que os campos sejam (re)vistos a partir de uma o6tica ecoldgica-politica-econdmica-
sustentavel. A presente tese fomentou também outros questionamentos acerca da
reintroducdo de sementes em campos degradados como a necessidade de estudos que
avaliem a germinacdo e estabelecimento de sementes nativas através de semeadura
direta em campos degradados e também a aplicacdo e testagem das técnicas
apresentadas em &reas maiores e em outras fitofisionomias campestres do Pampa e

dos campos da Mata Atlantica.
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