UFSC

UNIVERSIDADE FEDERAL DE SANTA CATARINA
CENTRO DE CIENCIAS BIOLOGICAS
PROGRAMA DE POS-GRADUAGAO EM ECOLOGIA

Aline Pereira Cruz

Legados Amerindios nas Florestas Subtropicais da América do Sul

Floriandpolis
2023



Aline Pereira Cruz

Legados Amerindios nas Florestas Subtropicais da América do Sul

Tese submetida ao Programa de Pdés-Graduagéo
em Ecologia da Universidade Federal de Santa
Catarina como requisito parcial para a obtengao do
titulo de Doutora em Ecologia.

Orientador(a): Prof. Nivaldo Peroni, Dr.
Coorientador(a): Prof. Lucas de Melo Reis Bueno,
Dr.

Floriandpolis
2023



Cruz, Aline Pereira

Legados Amerindios nas Florestas Subtropicais da
América do Sul / Aline Pareira Cruz ; orientador, Nivaldo
Peronl, coorilentador, Lucas de Melo Reis Bueno, 2023.

184 p.

Tese (doutorado) - Universidade Federal de Santa
Catarina, Centroc de Ciéncias Biolbgicas, Programa de Pbs-
Graduaglo em Ecologia, Floriandpolis, 2023.

Inclui referéncias.

1. Ecolegia. 2. Ecologia Histérica. 3. Bmerindios. 4.
Construgédo Cultural de Nicho. 5. Ecologia Florestal. I.
Peroni, Nivaldo. II. Bueno, Lucas de Melo Reis. IIT.
Universidade Federal de Santa Catarina. Programa de Pos-
Graduaglo em Ecologia. IV. Titulo.




Aline Pereira Cruz

Legados Amerindios nas Florestas de Santa Catarina

O presente trabalho em nivel de Doutorado foi avaliado e aprovado, em 20 de novembro de

2023, pela banca examinadora composta pelos seguintes membros:

Prof. Pedro Higuchi, Dr.
Instituicdo UDESC

Prof. Bernardo Flores, Dr.
Instituicdo UFSC

Prof. Rafael Corteletti, Dr.
Instituicdo UFPel

Profe. Michele de Sa Dechoum, Dr2.
Instituicao UFSC

Certificamos que esta € a versao original e final do trabalho de conclusao que foi julgado

adequado para obtencéo do titulo de Doutora em Ecologia.

£ o Documento assinado digitalmente
g

o Eduardo Luis Hettwer Giehl
Data: 12/12/2024 16:34:22-0300
=i CPF: ***.442.380-**
ICP-Edu Verifique as assinaturas em https://v.ufsc.br

Documento assinado digitalmente

Nivaldo Peroni

Data: 12/12/2024 14:48:56-0300

CPF: ***.475.048-**

Verifique as assinaturas em https://v.ufsc.br

Prof.(a) Nivaldo Peroni, Dr.
Orientador

Florianopolis, 2023.



Dedico a minha familia.
Em especial a tia Zilma, Zizi.



AGRADECIMENTOS

Concluo essa tese com um sentimento imenso de gratiddo, indescritivel em
palavras. Comego agradecendo a providéncia divina. Sim, sou uma cientista que
acredita em milagres, e agradego! Agrade¢o aos meus protetores, as santinhas da Vo6
Dauta bem como a ela mesma, por sempre cuidar de mim. Agradego aos meus
antepassados. Agradego a minha historia.

Agradeco aos meus pais, José Orico e Dilma que me deram a vida e um
irmaozinho, Alex Robertinho, meu amor. Geneticamente irmaos sdo metade, mas pra
mim vocé é tudo! Eu amo muito vocés! Essa tese é nossa, vocés se esforgaram tanto
quanto ou ainda mais que eu.

Agradeco ao Felipe, que esteve ao meu lado em um periodo muito dificil,
sempre lembrarei da nossa histéria com carinho. Agradeco a sua familia, aos seus
lindos sobrinhos (Artur e Alice), ao Adriano e a Andrea, ao Leo, ao seu pai, e a sua
mae, Maria Valdete, que n&o poupou esforgos para nos ajudar e me ajudar de forma
individual.

Agradeco a minha familia como um todo, mas vou destacar a Tia Zilma, a
Cuma, Tia Clarinda e Tio Raimundo, Tio Li e a madrinha Vera, as minhas avos Dauta
(novamente) e Virginia, a prima Vivi, que tiveram maiores responsabilidades na minha
criacao.

Agradeco as primas e aos primos. Algumas primas sdo também melhores
amigas: Carol (mae da minha preciosa Jade), Isabel, Ana Luiza (afilhada que me
enche de orgulho e alegria), Tati e Luana, mae da Carina, que tem carinha de carinho
e da Milena, minha afilhada, que me ensinou a levantar do chao. Estou escrevendo
isso para deixar um registro de que sendo apenas ela mesma, quando bebé, ja estava
ajudando alguém. Escrevo para que minhas margaridinhas nado se esquegam de que
ser elas mesmas € tudo o que o mundo precisa delas.

A Andrea e Canella, por confiarem em mim crianca para batizar a linda e
revoluciondria Ana Luisa. Andrea, vocé € uma grande amiga.

Karine, Amandinha, Carla, vocés me fazem lembrar do mestrado com mais
carinho. E Jusinha, minha amiga super-heroina. As minhas Hermanas do doutorado,
Nina e Maristela (gémea), junto com Lorena, Clarissa, Alessandra e Macarena. Sonho

com um reencontro de todas nds, com vinho e queijo para honrar o nome do nosso



grupinho. Eu poderia escrever paginas sobre cada uma, vou resumir em: vocés me
inspiram e eu amo vocés! Ao Luiz, a maior fonte de diverséo e purpurina.

A minha familia hispéanica, por parte da gémea, mamae Lucia, mana Marta,
sobrinha Althea e papai.

Ao pessoal do Laboratério de Estudos Interdisciplinares em Arqueologia.
Agradeco pelas experiéncias de campo, foi um prazer aprender e conviver com todos.
Agradeco ao Lucas Bond que sempre esclarece minhas duvidas com paciéncia e a
Fabiana Merencio que recém conheci, mas ja tem um lugar no meu coragéo. A Leticia,
minha primeira amizade no laboratério. A professora Juliana, por me ensinar € me
inspirar, especialmente por dizer que ha areas do conhecimento em que nao €
possivel separar o cientista do militante. Ao meu co-orientador Lucas Bueno, eu acho
que sO nods sabemos o desafio que foi a comunicagdo de uma ecologa em formagao
com um arqueologo e eu o0 agradeco imensamente por se manter aberto a construgao
e reconstrucao, pela sua paciéncia, e por tudo o que me ensinou.

Os agradecimentos ao pessoal do laboratério de Ecologia Humana e
Etnobotanica (ECOHE) eu escrevo com receio de esquecer alguém. Comeco dizendo:
que equipe alto astral, que ambiente saudavel. Parabéns, Natalia e Nivaldo! Agradec¢o
muito a vocés. A Natalia, por ser uma professora muito presente e disponivel e uma
otima companhia nas viagens. Nivaldo, querido! Mais do que te agradecer como
orientador eu te agradego pelo ser humano que é. E a minha gratidao ao orientador é
gigante. Vocé me apresentou a Ecologia Histérica, em muitos momentos acreditou
mais em mim do que eu mesma. S6 agradeco.

Agora os colegas super especiais: Isa, Gabi, suas lindas. Sofri quando vocés
concluiram seus cursos e deixaram o laboratério. Morro de saudades. Rafaela linda,
enlouquecemos juntas e seguimos felizes. Rafael, Bogoni, Queriddo, Angelet, Thiago
Gomes, Thiago Ehlert, Mario (querido demais), Marcio, Maiara (linda, tia favorita do
Café). Flavia e Ariane, vocés tém conversas loucas, amo vocés por isso. Marilia,
Thais, Lais, Brisa, Suelen, Grazi, Dalzemira, Carol Levis, vocé é minha referéncia e
eu trabalhei contigo. Que privilégio! Edu, que era pés-doc do laboratério e hoje é
coordenador da ecologia, por fazer parecer que eu demorei muito mais para chegar
até aqui, mas a verdade é que ele é muito talentoso e estou muito feliz com a sua
permanéncia e crescimento na pos eco, por ele e pelas geragdes atuais e futuras de

pos-graduandos.



Uma parte da pesquisa nao foi incluida na tese, mas precisa estar nos
agradecimentos. Agradec¢o aos moradores de Alfredo Wagner e aos trabalhadores do
Museu de Arqueologia da Lomba Alta, que me receberam junto com os voluntarios:
Blanca, Mario, Grazi e Gustavo, aos quais também agradego imensamente.

Mencao honrosa a minha psicéloga, Carolina Moser, junto ao médico Fabio
Villar.

Agradecimentos a quem me ofertou terapias holisticas: Cristine, Tatiane,
Hanna, Maiara, pai da Nina, Vanessa, centros espiritas que varios familiares e amigos
pediram por mim, também a todas as oracgdes feitas pela minha melhora.

A Lucia Ceccato, Pedro Higuchi, Ana Carolina Silva e Malva, professores
muitos especiais.

Aos amigos apresentados pela adversidade, Diraneze e Rui, Elizete.

A Veta, Lu e Nice, eternas.

Meus agradecimentos sinceros a CAPES pela bolsa concedida por quatro
anos. Agradeco a UFSC pela oportunidade de formacao de doutora em ecologia, com
todo o suporte fisico e humano.

Também agradeco a UFSC por ao fim da minha bolsa reconhecer meu talento
e garantir casa, comida e roupa lavada. Brincadeiras a parte, agradec¢o a toda a equipe
do Hospital Universitario que me acolheu. Agradeco também a equipe do Hospital
Governador Celso Ramos.

Agradegco a cada um que torceu silenciosamente pela minha melhora.
Agradeco a cada pessoa que fez sua doacao e/ou que compartilhou a vaquinha
idealizada por minhas amigas Clarissa, Alessandra, Lorena. Aos doadores, € se falta
algum nome peco perdao:

Alvaro Tagliari, Adriano Rodrigues Neto, Alessandra Larissa D'oliv, Alexandre
Deschamps Schmidt, Alexandre Gabriel Simas, Aline Bernarda Debastiani, Aline
Giovanella Pereira, Amanda Rodrigues da Si., Ana Luiza Rezende, Anaclara Pincelli
Cintra, Anaide W. Aued, André(a) Amaral, Andrea Freire, Andrea Santarosa Freire,
Andreas Meyer, Andrei Langeloh Roos, Andressa Ruvia, Angela Canterle, Angelet
Sylveus, Anna Pedrazzoli, Annemeire Lima, Antonio Carlos Ronconi, Ariane
Saldanha, Artur Moretti Ceni, Aurea Luiza Lemes, Barbara Segal, Bernardete W
Aued, Bianca Pinheiro, Bianca Vitorio Machado, Brisa Marciniak de Souza, Bruna
Santos da Silva, Bruno Miranda, Camila Barasoul Moraes, Camila Claudino de Oliv,

Camila Moraes, Camila Oli, Camila Tomazini Kinasz, Carine de Oliveira Fogli, Carlos



Ferreira, Carmen Luz, Carolina De Oliveira Menezes, Carolina Nascimento No.,
Carolina Tognetta Minozzii, Caroline, Caroline Ponce de Mora., Caroline Rosa da
Cruz, Cecilia de Fatima Silva Escrivani, Cesar & Leila, Cicero Varela, Clarissa
Barreto, Cleiton Juarez Decarli, Coralia Terezinha Piacen., Cristian Luiz Simon,
Cristiane Vieira, Cristina Baldauf, Daiane Aparecida Hoy, Daiane Morais Oliveira,
Dalzemira Anselmo da Si., Daniel Burle Orlandine, Daniel Candido Miranda, Daniel
Capella, Dileta Pegoraro, Henrique Duque Peters, Idaleto Malvezzi Aued, Irma Neuza,
Isabel Pereira, Isabela Barasuol Fogaga, Jacqueline Peressoni Bittencourt de Faria,
Jamil de Souza Abdalah, Janaina Gabriela Larsen, Julia Alvarenga, Jessica,
Jhonathan Camargo, Jodete Mota De Oliveira, Joeci Ricardo Godoi, José Orico
Machado Cruz, Juliana Neto Mendes de Moura, Juliana Pizutti Dallabrida, Juliano
André Bogoni, Julio Cezar Machado Cruz, Katia Bolis, Karine Souza, Katia Ferraz,
Kauane Maiara Bordin, Lais Lima de Paula, Lucia Regina Da Silva Pinheiro, Leili
Hausmann, Leonardo Arthur Keller Neto, Leonardo Rubi R., Leonardo Wedekin, Lina
Ribeiro Venturieri, Lorena Pinheiro Silva e as mulheres incriveis da sua familia, Lucas
Ernesto Lemos, Lucas Peres de Souza, Lucas Ribeiro Teixeira, Lucas Rossito de
Carvalho, Lucas Villalva Machado, Luci Tognetta Minozzii, Luciana Honorato, Lucielle
Vassoler, Luiz Carlos de Pinho, Luiz Carlos Pinho de Macedo, Luiz Fernando
Novakow, Luiz Guilherme Lutkke, Luiz Henrique Souza Me., Luiz Novakowski, Luiza
Bettamio, Luiza Waechter Severo, M. Carvalho Mecatti, Macarena Agrelo e seus
amigos, Malva Medina, Marcela, Marcia Ribeiro, Marcos Benedito Schimalski, Marcos
Eugénio Maes, Marcos Soares, Maria Benta Moraes Sgorla, Maria Carmem Alvarez,
Maria Claudete Micheloni, Maria Eugenia Neto, Maria Helena Aues, Maria Luiza
Coelho da Rocha, Mariana de Andrade Wagner, Mariana Mrotskoski Niero, Mariana
Xavier Saad, Marilice Teixeira, Mario Sergio Muiz Tagliari, Marisa Cardoso da Rosa,
Marta Lucia Pinheiro, Matheus Guizi, Mauricio Eduardo Graipel, Mauricio Sartor,
Michele Dechoum, Moises Savian, Natalia Hanazaki, Natalia Silverio, Natasha Avila
Bertocchi, Nei Kavaguichi Leite, Neiva Maria de Oliveira Ribeiro, Neiva Ribeiro, Nency
Bertoldo, Nicolas dos Passos Rosa, Nivaldo Peroni, N. Ferreira Santiago Neto, Nome
(mantive em agradecimento aos andénimos), Pablo Borges, Pablo Goncalves da Cruz,
Paulo Horta, Paulo Lopes, Pedro Cardoso da Rosa, Pedro Fiaschi, Pedro Higuchi,
Pollyanna Bobig Vettori, Priscilla Kern, Rachel Bellas, Rafael Mendes de Souza,
Raniele de Oliveira, Renato Hajenius Ache, Ricardo Franco Freitas, Ricardo Teixeira,

Rithiele Gongalves, Roberto Antonio Reche, Rodrigo Genoves, Rodrigo Mohedano,



Rogério Borges, Rose Dagios Dagios, Rosemar Maria de Souza Souza, Rubia, Sénia
Mara Roesener, Sabrina Soares da Silva, Samanta Dullius Pereira, Samuel Sbaraini,
Sandra, Santiago Caneppa Peralta, Sara Divina Melo de Salvi, Sara Mauricio Conrado
Veiga Soares Batista, Sarita Borges de Faveri, Selvino Neckel de Oliveira, Selvino
Neckel de Oliveira, Shirlei G.D.R.Vieira, Silvia Coser, Silvina Botta, Silvio Donizete da
Silva, Sofia Zank, Solange Ap Pires, Solange Aparecida Pires, Sonia Aparecida
Ribeiro, Sophia Kusterko Novaes, Stephany Klockner, Tassia Canalle, Taina Luchese
Gaspar, Taise Bresolin, Taise Ferraz Lyra, Talita Carina Bogoni, Tati Cruz, Tatiana
Silva Leite, Thabata Faxina, Thais Peixoto Macedo, Thais Soares da Silva, Thais
Vezehaci Roque, Thayse Oliveira Exterhot., Thayusky da Penha Correa, Thiago Cesar
Lima Silveira, Thiago da rosa, Tina Boabaid, Tomaz Fumio Takeuchi, Tuane Ribeiro
Teixeira, Valeria Colares de Bitencourt, Vanessa Ramos Godoi, Vania Luzia de
Oliveira, Vitor de Queiroz Piacent., Walter Rich, Wendell Silva, Yan Vieira Dalmina.

Nao posso deixar de agradecer aos meus filhos pet que passaram pela minha
vida nesse periodo de doutorado. Cevadinha, quem deu a vida por mim. Café, o bom
menino, fofo, cuidadoso, meu parceirinho. Anibal, gatinho magico, meu curandeiro.
Mano Brown, meu nené com carinha de malvado. Rihanna, minha parceira, minha
fofura barraqueira. Tino, o livre, faz 0 que quer e eu espero com acgucar e com afeto.
Baby Boy you stay on my mind. Beyoncé (Bionga), por me mostrar porque as vacas
sdo sagradas. Sagui Chapéu de Palha, o cagula, que trouxe alegria e pds todos para
brincar. Ao cavalo Apolo, por cada chamada nas janelas para receber carinho. Eu
agradeco por cada bichinho que ja passou pela minha vida.

Agradeco e deixo esse paragrafo como homenagem ao meu avo Joao, neto de
indigenas, que sempre exaltou suas origens, na contramdo de um apagamento

cultural institucionalizado.

“Deste jardim cujo eu sou jardineiro

E de amor eu sempre vou regar

Es a fonte deste amor tio verdadeiro

O meu herdeiro quem eu vou sempre cuidar(...)
Eu agradeco, eu agradeco, eu agradeco

Eu agradeco, eu agradego”

Cancéao de Marie Gabriella, 2018.



“‘No tempo antigo, seus pais e avos haviam ensinado esse trabalho a eles,
que por isso foram capazes de impedir mais essa queda. [...] estou certo de que, uma
vez mais, o céu tinha mesmo ameacado de cair sobre nés. Sei que isso ja ocorreu,
muito longe da nossa floresta [...]. Os habitantes dessas regides distantes foram
exterminados porque ndo souberam segurar o céu.”
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RESUMO

A Mata Atlantica Subtropical é ocupada por grupos humanos desde, pelo menos,
10.000 anos atras, com multiplos usos e consequentes modificagcbes do ambiente e
da biota. A Teoria da Construgédo de Nicho indica que as modificagdes na paisagem
deixam marcas, legados, persistentes ao longo do tempo. Contudo, as praticas
culturais de um passado anterior a chegada de Europeus ainda s&o ignoradas como
forca transformadora das paisagens e da composi¢cao florestal no Brasil
Subtropical. Reconhecer a interagao historica entre grupos humanos e florestas traz
uma mudanca de perspectiva para as estratégias de conservagado, por permitir
compreender os efeitos das agbées humanas no passado e integrar o conhecimento
milenar dos povos originarios. Esses que extrairam recursos florestais, mas também
enriqueceram florestas e paisagens com praticas agroflorestais. Por esse motivo,
busca-se com a presente tese a compreensado de como a presenca de populagdes do
passado podem ser visualizadas na composi¢ao de espécies arbéreas atuais. Para
tal, utilizamos dados multidisciplinares: presenca e abundancia de espécies arbéreas
foram obtidas do Inventario Floristico Florestal de Santa Catarina (FlorestaSC); dados
arqueoldgicos do Banco de Dados do Laboratério de Estudos Interdisciplinares em
Arqueologia da UFSC e dados com datagdo da Base BRC14; dados topograficos do
Shuttle Radar Topography Mission (SRTM), hidrolégicos da Agéncia Nacional de
Aguas e Climaticos do WorldClim. No capitulo 1 a ocupacéo Jé-meridional e Guarani
foi modelada com estratégia de modelagem de nicho, com uso da localizagao de sitios
arqueoldgicos, dados hidrograficos e topograficos. Foram gerados mapas de
probabilidade de ocupacdo para cada grupo cultural. Apds, buscou-se identificar
especies arboreas na paisagem atual que apresentavam correspondéncia com areas
ocupadas por grupos amerindios Jés-meridional e/ou Guaranis com uso de uma
Analise de Redundancia (RDA). Encontramos 29 espécies, entre elas Araucaria
angustifolia, llex paraguariensis, relacionadas com areas de ocupagao Jé-meridional;
Casearia sylvestris, com ocupacao Guarani (e também Jé-meridional, em analise
posterior) e Arecaceaes relacionadas com ambos grupos. A espécie C. sylvestris é
mundialmente reconhecida por suas propriedades medicinais, motivo pelo qual teve a
investigacado aprofundada no capitulo 2. A espécie foi utilizada para a validagdo de
modelos de rotas Jé-meridional e Guarani. Para identificagcao de rotas foram gerados
modelos de custo de superficie especificos para Jé-meridionais e Guaranis, com base
nas caracteristicas culturais de escolha de caminhos, na localizagao dos respectivos
sitios arqueoldgicos, na topografia e hidrografia. Por fim, foram aplicados Modelos
Generalizados Mistos para testar as relagdes entre a ocupacdo, as rotas e
caracteristicas climaticas, sobre a presenga e abundancia de C. sylvestris. Os
resultados indicam que a espécie nao esta relacionada apenas com Guarani, mas
também com Jé-meridional. A espécie esta relacionada com rotas de ambos os
grupos culturais, porém, de forma mais clara com Jé-meridional. A distribuicdo da
espécie esta fortemente relacionada com aspectos climaticos. Os resultados indicam
que apesar dos impactos recentes as marcas de acdes do passado sao tao intensas
que ainda sao visiveis e que as Terras Indigenas contribuem para a manutencéo de
especies de valor cultural. A contribuicdo da tese aqui apresentada aponta para a
necessidade da valorizagdo e da promogao das culturas dos povos indigenas para
conservar a biodiversidade, foram gerados mapas de probabilidade de ocupagao no
passado (territérios Amerindios), que podem ser utilizados pelos indigenas do Sul do
Brasil em processos territoriais. Além disso, nossos resultados mostram ndo s6 que



existem espécies associadas com a ocupagdo humana no passado, mas que sao
espécies com diversos potenciais de uso, incluindo a C. sylvestris com multiplos
atributos medicinais. Também apresenta um avango na compreensao do movimento
humano na arqueologia, demonstra que arvores podem ser marcadores de
movimento, além de indicar 29 espécies chaves para futuras investigagdes em
Ecologia Historica na Mata Atlantica Subtropical. Por fim, afirmo que as descri¢gdes da
cobertura original da Mata Atlantica devem ser acompanhadas de um periodo de
referéncia e, sobretudo, que estamos reconhecendo a presenga de povos cujas
culturas estao entrelagadas com as florestas.

Palavras-chave: Mata Atlantica; construgcéo de nicho; grupos culturais; Amerindios



ABSTRACT

The Subtropical Atlantic Forest has been occupied by human groups since at least
10,000 years ago, with multiple uses and consequent changes in the environment and
biota. The Theory of Niche Construction indicates that changes in the landscape leave
marks, legacies, persistent over time. However, cultural practices from a past prior to
the arrival of Europeans are still ignored as a transforming force in landscapes and
forest composition in the Brazilian Subtropical. Historical interaction between human
groups and forests brings a change of perspective to conservation strategies, to allow
understanding the effects of human actions in the past and integrating the ancient
knowledge of the original peoples. Those who extracted forest resources, but not only
that, enriched forests and landscapes with agroforestry practices. For this reason, this
thesis seeks to understand how the presence of past populations can be seen in the
composition of current tree species. For this purpose, we used multidisciplinary data:
presence and abundance of tree species were obtained from the Floristic Forest
Inventory of Santa Catarina (FlorestaSC); archaeological data from the Database of
the Laboratory of Interdisciplinary Studies in Archeology (LEIA) at UFSC (Federal
University of Santa Catarina) and data with temporal register from Base BRC14;
topographic data from the Shuttle Radar Topography Mission (SRTM), hydrological
data from the National Water Agency (ANA) and Climate of WorldClim. In chapter 1,
the Jé-meridional and Guarani occupation was modeled with a niche modeling
strategy, using the location of destroyed sites, hydrographic and topographic data.
Occupancy probability maps were generated for each cultural group. Afterwards, an
attempt was made to identify tree species in the current landscape that correspond to
areas occupied by South Jes and/or Guaranis Amerindian groups using a Redundancy
Analysis (RDA). We found 29 species, among them Araucaria angustifolia, llex
paraguariensis, related to areas of Jé-meridional occupation; Casearia sylvestris, with
Guarani occupation and Arecaceae related to both groups. The species C. sylvestris
is world-renowned for its medicinal properties, which is why it has had an in-depth
investigation in chapter 2. The species was used for the validation of Jé-meridional and
Guarani route models. For the identification of routes, specific surface cost models
were generated for Jé-meridionais and Guaranis, based on the cultural characteristics
of choosing paths, on the location of the respective sunken sites, on the topography
and hydrography. Finally, Mixed Generalized Models were applied to test the
relationships between occupancy, routes and climatic characteristics, on the presence
and abundance of C. sylvestris. The results indicate that the species is not only related
to the Guarani, but also to the southern Jé. The species is related to the routes of both
cultural groups, however, more clearly with the southern Jé. The distribution of the
species is strongly related to climatic aspects. The results indicate that despite the
recent impacts on the marks of past actions, they are so intense that they are still
visible and also that the Indigenous Lands are highlighted for the maintenance of
species of cultural value. The contribution of the thesis presented here points to the
need to value and promote the cultures of indigenous peoples to conserve biodiversity,
maps of probability of occupation (Amerindian territories) in the past were generated,
which can be used by indigenous peoples in southern Brazil in territorial processes.
Furthermore, our results show not only that there are species associated with human
occupation in the past, but that they are species with diverse possibilities of use,
including C. sylvestris with multiple medicinal attributes. It also advances the
understanding of human movement in archeology and demonstrates that trees can be
markers of movement and indicates 29 key species for future investigations in
Historical Ecology in the Subtropical Atlantic Forest. Finally, | affirm that descriptions



of the original coverage of the Atlantic Forest must be accompanied by a reference

period and, above all, that we are recognizing the presence of peoples whose cultures
are intertwined with the forests.

Keywords: Atlantic Forest; niche construction; cultural groups, Amerindians
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1INTRODUGAO

Em preparo para submisséo a Perspectives in Ecology and Conservation

Embora o periodo de presenga humana na Terra seja apenas uma fragao da
histéria das florestas, a montagem das comunidades florestais recentes conta com
influéncia humana desde milénios. Em todo o mundo estdo sendo encontrados sitios
arqueoldgicos sob a cobertura de florestas tropicais e subtropicais que eram
consideradas intocadas (ROBERTS et al, 2017), e em alguns casos com evidéncias
de uma complexa organizagao social (SOUZA et al, 2016, HECKENBERGER et al,
2008).

No Brasil, a descricdao da historia dessas relagdes avangou muito na regiao
amazoénica, identificando: ocorréncia de solos antropogénicos (FRASER et al, 2011),
alta densidade populacional (CLEMENT, 2015), domesticagdo da paisagem com
hiperdominancia de arbéreas (LEVIS et al, 2017), urbanizagcdo (SOUZA et al, 2016,
HECKENBERGER et al, 2008). Para a Mata Atlantica (M.A.), um dos hotspots
mundiais de diversidade biologica (MYERS, 2000) é um conhecimento que esta
avancgando. Na porg¢ao subtropical foram identificados adensamentos de espécies
uteis, tais como butiazais (palmeira Butia eriospatha) (MERCEDES et al 2023), ervais
(llex paraguariensis), utilizado no preparo de uma bebida tradicional denominada
chimarrao, pinheirais (Araucaria angustifolia) (REIS et al 2018), cuja distribuicdo atual
esta relacionada com povos amerindios (LAUTERJUNG et al; 2018; ROBINSON et al,
2018).

Ha uma frase classica para descrever o estado atual da Mata Atlantica em

qualquer fitogeografia ou em sua totalidade: “... restam apenas (um valor)% da
cobertura original”. Mas, original desde quando? Afinal, se trata de um Dominio com
historico de retragao e expansao de refugios ao longo do quaternario (CARNAVAL &
MORITZ, 2008). Nesse contexto, a histéria dos povos originarios ou fica omitida,
levando a falsa ideia de ambientes ndo povoados, se enquadrando no mito dos
ambientes pristinos (POSEY & BALEE, 1989; DENEVAM, 1992) ou leva a falsa ideia
de que tais povos nao interferiram nas dindmicas ambientais, o que se enquadra com
o mito do bom selvagem, baseado na obra de Rousseau (RAYMOND, 2007).

O fato de parte dos pesquisadores de diversas ciéncias, entre elas a Ecologia,
a Biologia da Conservagao e a Arqueologia, terem ignorado a presenga humana

nesses locais nos direcionou para uma lacuna em nossa historia e na historia do papel
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dos humanos na montagem das comunidades florestais. E os motivos para essa
ignorancia vem de uma cultura ocidentalizada, colonizada, em que o discurso
preconceituoso da arqueologia imperial ainda na arqueologia moderna (NOELLI,
FERREIRA, 2007; NOELLI, SOUZA, 2017). Afinal, é fato e amplamente compreendido
que as terras Brasileiras ja eram ocupadas por indigenas no momento da colonizagao.
Entdo por que essa presencga foi desconsiderada e aceitou-se a ideia de ambientes
pristinos? Souza (2015) descreve uma linha invisivel que separa a realidade em um
universo distinto e “para além dela ha apenas a inexisténcia, invisibilidade e auséncia
nao dialética”. Além disso, a presenga indigena € minimizada na historia que foi escrita
por portugueses, que tinham objetivos do que sua propria cultura considerava
“avangos” para o Brasil. O uso da palavra “descobrimento” ao invés de “conquista”
contribui com a continuidade do ofuscamento da presencga anterior de povos indigenas
nas terras brasileiras (NEVES, 1995).

As teorias da Ecologia Historica e da Construgao Cultural de Nicho guiam aqui
a busca pela desconstrucido da falsa dicotomia entre seres humanos e natureza, e
pelo esclarecimento de que nds, humanos, fazemos parte das redes ecoldgicas,
atuando tanto no enriquecimento quanto na degradacao, e que ha diferencas culturais
dirigindo tais processos. Na presente tese quero reforgar a realidade invisibilizada de
que a Mata Atlantica foi e € moldada por diferentes grupos culturais desde milhares
de anos, sendo que ha remanescentes dos povos originarios, detentores de amplo
conhecimento, que seguem marginalizados e ignorados. Além disso apresento novas
informacgdes sobre espécies arbdreas florestais que tem relagdo com a presencga de
povos originarios, que sao indicadoras de presenga e movimento humano, e ainda
aponto uma espécie de importancia farmacéutica relacionada com a presenga (e

provavel manejo) indigena no passado e no presente.

1.1 ECOLOGIA HISTORICA

O Termo Ecologia Historica vem sendo utilizado com diferentes significados por
diferentes areas do conhecimento e mesmo dentro da Ecologia (SZABO, 2014). Na
ecologia é por vezes utilizado como sinbnimo de historia evolutiva (NOGUEIRA,
2001), histéria de um ecossistema (CONWAY, 1948; MORENO E MONTANARI, 2008;
RTHEMTULLA E MLADENOFF, 2007), de Histéria Ambiental (SWETNAM et al.,
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1999). Ha algo que une todos os autores: 0 uso do passado para entender o presente
(SZABO, 2014).

Mas, com essa diversidade de conceitos € importante situar qual o significado
de Ecologia Histérica no presente trabalho, que é a mais utilizada segundo a revisédo
de Szabd (2014): o entrelagamento das agbes humanas ao meio ambiente encerrando
a dicotomia entre homem e natureza. Alguns autores definem a Ecologia Histérica
como um frame-work (STAHL, 2008), como um paradigma (LUNT & SPOONER,
2005), mas aqui sera utilizado o termo Programa de Pesquisa, definido por Balée em
1998 e atualizado em 2018. O Programa de Pesquisa esta fundamentado na filosofia
de Lakatos, para o qual um programa de pesquisa necessita de fortes postulados
centrais, que no caso sao:

a) humanos tém impactado quase todos os ambientes habitaveis da
Terra de forma fisica ou material; praticamente todos os ambientes
da Terra foram afetados pelo género Homo, e maiores escalas
coincidem com o inicio da agricultura;

b) diferentes sociedades impactam os ambientes de forma distinta
devido a diferengas em organizacao e estrutura; a natureza humana
nao € programada geneticamente para alterar a diversidade de
especies ou outros parametros ambientais;

c) a natureza humana € indiferente a diversidade de espécies;
diferentes organizacbes sociais resultam em diferentes niveis de
transformacgao da paisagem;

d) o fenbmeno total, Ecologia Global, resulta da unido de ecologias
histéricas do mundo, resultando em uma matriz de “Pegada Humana”
realista.

Este programa de pesquisa esta voltado as investigacdes das relagcdes entre
seres humanos e o ambiente, nas dimensdes temporal e espacial, e de seus efeitos
cumulativos (BALEE, 2006, 2010) e é baseado na interpretacdo materialista destas
relacdes (BALEE, 2018). Para o mesmo autor, os principios do programa de pesquisa
sao: “os ambientes com que humanos interagem estdo em constante mudanga; e a
manutencao da diversidade natural e cultural € desejada pela sociedade”, de modo a
interpretar a relagao entre a cultura e o ambiente ao invés da adaptagao de humanos
a seus ambientes. Contraria assim o determinismo ambiental que ainda é uma teoria

influente na arqueologia brasileira, o qual defende que o ambiente define a cultura e
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que assim, ambientes "com escassez de recursos" desenvolveria culturas "menos
avangadas" (NOELLI, FERREIRA, 2007).

A Ecologia historica busca entender como os recursos sdo criados e
manejados, assumindo que ao invés de adaptarem-se ao ambiente, os seres
humanos cocriaram o ambiente onde vivem, sendo o principal mecanismo de
mudang¢a no mundo natural e atuando de forma similar a selegéo natural (ERICKSON,
2008). Com isso, contraria as ideias conservacionistas baseadas na teoria da
sucessao, iniciada por Clements (1916). Nessa teoria as comunidades apresentam
um estagio ideal, de equilibrio - o climax, e disturbios, ainda que naturais, interrompem
a situacao de equilibrio. Contudo, o avango das descobertas cientificas (oriundos de
esfor¢cos de areas diversas), tém indicado que as comunidades florestais recentes
foram co-construidas por disturbios naturais e humanos, e que nao existem ambiente
intocados (LEVIS et al., 2017; ROBERTS et al, 2017).

A escala temporal e o conceito de Histéria da Ecologia Histérica se referem ao
tempo de presenga humana, de todos os humanos na pluralidade de paisagens que
habitamos e modificamos, em que as paisagens s&o a dimensao espacial que é
alterada pelo conhecimento e comportamento de diferentes grupos culturais (BALEE,
2018). Assim, a paisagem e a transformagao da paisagem sao palavras-chave na

Ecologia Historica.

1.2 O CONCEITO DE PAISAGEM

A paisagem é um termo central na Ecologia Histérica por abranger o
comportamento humano e seu gerenciamento do ambiente de entorno (BALEE, 2006)
e por ser onde as marcas do passado ficam registradas, “testemunho das vidas e
trabalhos das geragdes passadas que nela moraram” (INGOLD, 2000). Para Ingold
(2015) as paisagens podem ser simplificadas como tramas de tear, uma malha tecida
por diversos organismos, de modo que o encontro de seus caminhos forma uma
estrutura de rede, as linhas constroem as formas e as superficies. A paisagem para a
Ecologia Historica é constituida de matéria, pela natureza fisica da Terra e dos seres
vivos que afetam as sociedades humanas (BALEE, 2018). Trata-se de um lugar (tem
dimenséao espacial) onde as interagbes entre histéria e cultura (dimensao temporal)
sdo evolutivas em si (BALEE, 2006). A dimensdo temporal das paisagens esta
enquadrada pelo tempo da presenca humana (BALEE, 2006, 2018). Aqui, o termo
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paisagem sera utilizado como sinénimo de “ambiente de entorno” da area em que um
determinado grupo cultural vive, o que Erickson (2008) definiu como “assentamentos
e paisagens associadas”.

Além disso, “paisagem” é uma palavra utilizada por multiplas areas do
conhecimento: geografia, ecologia, artes, histéria, arquitetura, urbanismo, entre
outras. Em Ecologia ha uma area especifica destinada a esse termo, definida como
Ecologia de Paisagens. A Ecologia da Paisagem traz um modelo que simplifica
qualquer paisagem em um mosaico, de matriz, manchas, e corredores, conceitos que
podem ser aplicados na Ecologia Histérica. A avaliagdo do mosaico é feita por calculos
geométricos, ou seja, de formas, o que é similar com as descrigdes de paisagem do
antropologo Tim Ingold. Em sua obra Ingold busca a desconstrugdo da dicotomia
homem e natureza, assim como na Ecologia Historica, razédo pela qual utilizei pelo
menos trés pontos de tal area do conhecimento: 1) como os organismos percebem
seu ambiente, e aqui, como humanos a percebem; 2) como as caracteristicas
espaciais influenciam os processos ecoldgicos; e 3) As analises de paisagens podem
ser simplificadas considerando mosaicos formados por unidades de similaridade
visual (FORMAN, 1997; METZGER, 2001). A matriz € como um plano de fundo, o que
domina na paisagem. As manchas sdo unidades menores circundadas pela matriz.
Os corredores sdo as estruturas alongadas que conectam diferentes areas da
paisagem, como estradas, cursos de agua, pontes. Mas os corredores também podem
ser barreiras. Por exemplo, um grande rio pode ser uma barreira, mas também é um
corredor. A matriz, as manchas e os corredores sao os elementos que definem a
estrutura da paisagem e é através dessas estruturas que os fluxos ocorrem. Os
corredores irdo conectar manchas distantes, a matriz sera mais permeavel quando
tiver muitas manchas e/ou manchas proximas.

Em comparagao com um mosaico artistico (Figura 1), em que os desenhos
sao formados pela unido de pecas denominadas tesselas com as mesmas cores, cada
conjunto de tesselas agrupado cria um padrao geométrico, isso seria a “mancha” na

ecologia de paisagens.
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Figura 1 — “A Gypsy Girl”, mosaico do século 20 exposto em um museu na Turquia.
Ha um fundo bege em que faltam tesselas, esse plano de fundo seria a matriz. Os
cabelos, detalhes do lenco, sobrancelhas e linhas das palpebras, que sao
composic¢des alongadas, seriam os corredores. A pele e a iris dos olhos seriam
manchas, junto com as areas mais amplas do Ierl{g\:ho.

s
+

Fonte: Mosaic Art Gallery. https://www.mosaicartgallery.com/history-of-mosaics. Acessado
em 06/08/2023.

As tesselas em uma imagem digital, tal qual uma fotografia ou imagem de
satélite, seriam os pixels — as menores “unidades” que se vé com amplificacdo
maximizada. Cada pixel tem uma cor que é formada por uma combinagdo numérica
representando o vermelho, verde e azul. Com essa logica das imagens digitais, aquilo
que compde a paisagem, mas que nao é perceptivel a visdo, e pode ser representado
de forma numeérica, pode ser traduzido em escala de cores. Por exemplo, valores de
temperatura e precipitacdo, valores indicativos de relevo e topografia, dados
demograficos, a presenca de uma determinada etnia, e demais variaveis ambientais
e sociais. Afinal a paisagem ndo € um mero elemento visual. As paisagens séo
percebidas também pelos sons, cheiros, sensagdes, por percepg¢oes individuais,
quando por humanos, percepgdes culturais, quando por outros organismos por fatores

que podemos nao compreender.


https://www.mosaicartgallery.com/history-of-mosaics
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Figura 2 - Imagem de Satélite, representacdo matricial e colorimétrica dos pixels.
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Fonte: Data Carpentry for Biologists (https://datacarpentry.org/semester-
biology/materials/spatial-data-raster-R/) acesso em 08/06/2023.

Aqui, no Capitulo 1, onde a probabilidade de ocupagdao por grupos Jé-
Meridionais é Guaranis foi modelada, os pixels representardo nichos de uma forma
préxima ao conceito Hutchsoniano. O nicho ecoldgico € um conceito da Ecologia de
Comunidades, uma paisagem tem muitos nichos. Nicho foi inicialmente definido por
Grinnel (1917) como um lugar adequado para um organismo. Nos primérdios da
elaboragcdo desse um conceito, se relaciona com a Teoria da Selecdo Natural
(DARWIN, 1859), quanto a forga seletiva do ambiente. Hutchinson (1957) adicionou
ao conceito multiplas camadas ambientais, e de forma metodoldgica é esse o conceito
aqui utilizado na modelagem de probabilidade de ocupacédo de Jé-meridionais e
Guaranis (Capitulo 1), uma simplificagdo da paisagem com multiplas camadas

ambientais e sociais. Cada pixel tem uma localizagcdo e uma combinagdo de


https://datacarpentry.org/semester-biology/materials/spatial-data-raster-R/
https://datacarpentry.org/semester-biology/materials/spatial-data-raster-R/
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caracteristicas, que pode ser favoravel ou limitante para algum organismo. Contudo,
0 nicho Hutchinsoniano ndo considera aspectos de movimento e fungdo dos
organismos. No Capitulo 2 incluimos aspectos de movimento humano, traduzido em
pixels com um valor de Custo de Superficie especifico para cada grupo cultural.
Contudo, embora o processo de modelagem de ocupagdo e movimento sejam
similares ao contexto de nicho Hutchinsoniano isso se limita ao método. Elton (1927)
contrariou o conceito de Hutchison ao n&o considerar os fatores ambientais em seu
conceito de nicho que é sobre redes tréficas. Posteriormente, Chase e Leibold (2003)
incluiram a competicdo e a hipdtese da “perturbacédo intermediaria”, aplicavel a
Ecologia Histérica (ERICSON, 2008). Recentemente, Bruno (2003) trouxe os
conceitos de facilitagdo, oposto a competicdo de Chase e Leibold. Os modelos aqui
sintetizam a paisagem em um Mosaico de Nichos, que direciona os fluxos e €&
transformado por eles ao longo do tempo. Mas, as teorias que norteiam a discussao
sdo: a Teoria da Construgao de Nicho (ODLING-SMEE et al., 2003) e a construgao
cultural de nicho (ALBUQUERQUE et. al, 2018), focados nos processos de

transformacao da paisagem.

1.3 PROCESSOS DE TRANSFORMAGAO DA PAISAGEM

Usando conceitos da Ecologia de Paisagens: a estrutura da paisagem é
moldada pelos fluxos (de matéria, energia, organismos), bem como os fluxos moldam
a estrutura da paisagem. O relevo, os corredores, entre outros compde a estrutura da
paisagem, e sdo elementos que podem facilitar ou dificultar os fluxos de matéria e
energia. Por outro lado, os movimentos e fluxos por si s6 transformam a estrutura da
paisagem. Assim ha uma relacao bidirecional, onde as paisagens moldam os fluxos e
os fluxos moldam a paisagem (FORMAN, 1997). Dentro desse processo pode ser
acoplada a Teoria da Construgdo de Nicho (TCN) (ODLING-SMEE et al., 2013). A
TNC prevé que além do ambiente selecionar os organismos aptos as suas condigdes
(teoria da Selegcdo Natural de Darwin) os organismos também sdo capazes de
modificar o ambiente, sendo assim capazes de modificar a selegdo e esse processo
deixa uma assinatura, um legado ou heranga ecologica (ODLING-SMEE et al., 2013).

Isso torna a TCN um segundo sistema geral de heranga na evolugao (ODLING-SMEE
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et al., 2013). A Tabela 1 sintetiza as diferengas entre a teoria evolutiva padrdo e a

TCN.

Tabela 1 - Tabela comparativa entre a Teoria Evolutiva Padrao e a Teoria de
Construcao de Nicho.

TEORIA EVOLUTIVA
PADRAO

TEORIA DA CONSTRUGAO DE
NICHO

FOCO

CAUSALIDADE

CONSTRUGAO DE NICHO

HERANGA

COMPLEMENTARIDADE
ORGANISMO-AMBIENTE

Evolugéo organica em
resposta a ambientes.

Principalmente unidirecional.
Selecao autbnoma por
ambientes que moldam os
organismos.

ex.: selegao sexual,
coevolugao entre predador-
presa.

Organismos reconhecidos
para mudar estados
ambientais, mas isso €
tratado como o produto de
selecao natural e raramente
como um processo evolutivo
em seu proéprio direito. O
foco é restrito as adaptagdes
expressas fora dos corpos
dos organismos.

Principalmente genética,
embora herangas maternas,
epigenéticas, citoplasmaticas
e culturais sejam
reconhecidas como “casos
especiais”.

Produto da selecdo natural.

Co-evolugao de organismos e
ambientes.

Principalmente

reciproco. Ambientes seletivos
moldando organismos e organismos
moldando ambientes seletivos, em
relacdo a si mesmos ou a outros
organismos.

O foco ndo esta exclusivamente nas
adaptag¢des, mas inclui mudancgas
nos ambientes causadas por
subprodutos de organismos (por
exemplo, detritos), caracteres
adquiridos (por exemplo,
aprendidos), ou metabolismo
coletivo ou comportamentos de
varios individuos/espécies.

Herancga genética e ecoldgica (ou
seja, legados de pressdes de
selecéo previamente modificadas
pela construgao de nicho). Heranga
genética e ecoldgica interagem para
formar “herancga de nicho”. Herangas
maternas, epigenéticas,
citoplasmaticas e culturais podem
ser exemplos.

As correspondéncias entre
organismo e ambiente resultam das

(ADAPTAGAO) interacdes dindmicas entre
construcao de nicho e selegao
natural.

Fonte: Traduzido de ODLING-SMEE et al., 2013.
Assim, como os postulados da Ecologia Histdérica apresentados

anteriormente, a Teoria de Construgdo de Nicho permite analisar a integragcado das

acdes humanas na pesquisa ecoldgica (ALBUQUERQUE et. al, 2018). Em especial o

segundo postulado “Diferentes sociedades impactam os ambientes de forma distinta

devido a diferengas em organizacao e estrutura” inclui a importancia das diferentes
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culturas nos processos de transformacao do ambiente, de modo que foi criada uma
categoria de TCN especial para humanos: a Constru¢gao Cultural de Nicho. Essa,
diferencia humanos de outras espécies construtoras de nicho, por considerar que
decisdes influenciadas pela cultura direcionam as modificagcdes de nicho, que véao
refletir no nivel da paisagem (ALBUQUERQUE, FERREIRA JUNIOR, 2017;
ALBUQUERQUE et al, 2018). Seres humanos sao excelentes construtores de nicho
e os impactos das modificacbes do passado e seus feedbacks persistem nas
paisagens co-construidas entre pessoas e o ambiente, tendo implicagdes importantes
nos padroes de diversidade e processos ecolégicos (FOSTER et al., 2003; McKEY et
al., 2010). Assim, humanos constroem nichos que podem beneficiar outras espécies
consideradas uteis (SMITH, 2012), por meio do gerenciamento do ambiente de forma
inconsciente e consciente, resultando em mudangas na ecologia da paisagem e na
demografia de suas populagdes de plantas (CLEMENT, 1999).

As paisagens estdo em constante mudanca, sendo transformadas por
processos abidticos e bidticos, aqueles explicados pelas teorias de construgdo de
nicho. Ha algo fixo, o lugar, que passa por transformagdes e conserva legados do
passado. Desse modo, € possivel comparar diretamente as mudangas na paisagem

com a ancestralidade: ambas mantém aspectos do passado, legados (Figura 3).

Figura 3 - Processos de geragao de legados na paisagem.
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1.4 COMO O PASSADO PODE SER INTERPRETADO NAS PAISAGENS DO
PRESENTE

As informacdes sobre o passado entdo inscritas nas paisagens do presente:
modificagdes no terreno, legados na vegetagao, entre outros. As assinaturas deixadas
na paisagem apontam para os grupos culturais que as deixaram, legados e
assinaturas previstos na TCN.

A presenca de legados persistentes ao longo do tempo é uma consequéncia
da alta capacidade humana de modificar ambientes e a composi¢céo de espécies. As
grandes extingdes, por exemplo, causaram mudanga pela redugdo da diversidade
terrestre. Contudo, as agbes humanas nao causaram apenas a redugao de espécies.
Causaram também modificagdes em tamanhos populacionais, em tragos
populacionais, na area de ocorréncia de espécies, entre outros. Isso pode ser
explicado pelo Teoria de Construgdo de Nicho (ODLING-SMEE et al, 2013): a
modificagdo que humanos causam no ambiente modificam as espécies que este
ambiente podera suportar. Desde intervengbes humanas sutis, como a abertura de
clareiras que pode favorecer espécies helidfilas, até a selegdo e o favorecimento de
espécies uteis como as frutiferas, resultam em modificagdes nas populacdes que
podem ser persistentes ao longo do tempo. Diferentes formas de intervengbes sao
exercidas por diferentes grupos culturais (ALBUQUERQUE, FERREIRA JUNIOR,
2017; ALBUQUERQUE ET AL, 2018). Pode-se dizer que existe uma conexao entre
as culturas e a diversidade local, sendo que se reconhece um padréo global de relagéo

entre a diversidade linguistica e a diversidade biologica (MAFFI, 2005).

1.5 ARQUEOLOGIA E ECOLOGIA HISTORICA NA MATA ATLANTICA
SUBTROPICAL

As florestas da Mata Atlantica Subtropical (Figura 4) foram utilizadas por
povos pré-colombianos, com diversas formas de ocupacgéao, ao longo do espaco e do
tempo (NOELLI, 2000; MILHEIRA, 2010; GIANNINI et al., 2010; HADLER, DIAS,
BAUERMANN, 2013; IRIARTE et al.,, 2013; LOURDEAU, HOELTZ, VIANA, 2014;
BONOMO et al., 2015; COPE, 2015). Os primeiros habitantes eram cacadores
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coletores, construtores de sambaquis, e depois vieram os Jé-meridional e Guarani

(Tabela 2). Jé-meridional e Guarani sao as linguas faladas pelos grupos culturais aqui
estudados.

Figura 4 - Mata Atlantica com indicagao de sua porgao Subtropical, abaixo do tropico
de Capricérnio.
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Fonte: A autora.

Tabela 2 - Classificagao linguistica dos grupos culturais objetos do presente estudo:
Jé-meridional e Guarani.

TRONCO MACRO JE TUPI
LINGUISTICO

FAMiL[A Jé Tupi
LINGUISTICA Guarani
LINGUAS Jé-meridional, que veio a se dividir em Guarani

Xokleng e Kaingang

Fonte: Linguas - Povos Indigenas no Brasil (socioambiental.org). Acesso em 08/06/2023.

Os primeiros registros arqueoldgicos datados com Carbono 14 (C14) na Mata
Atlantica Subtropical sdo de cerca de 10.000 anos atras (Figura 5)
(https://brc14database.com.br), sendo que o sitio mais antigo datado por Carbono 14

€ de 9.925 antes do presente (AP) e esta situado onde hoje é o estado de Santa



https://pib.socioambiental.org/pt/L%c3%adnguas
https://brc14database.com.br/
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Catarina (LOURDEAU et al., 2016). No estado de Sao Paulo as datas partem de 9.810
AP e se trata de um sitio da Tradicdo Umbu (COLLET, 1985; DIAS, JACOBUS, 2001;
PENIN, 2005). A definigdo da Tradigado Umbu é baseada na cultura material, no padrao
da tecnologia litica (HADLER, DIAS, BAUERMANN, 2013). No Rio Grande do Sul e
no Parana os sitios mais antigos sao de 9.430 AP (DIAS, 2004; DIAS, 2012; HADLER,
DIAS, BAUERMANN, 2013) € 9.190 AP (CHMYZ et al., 2008) respectivamente, sendo
que o primeiro € um sitio da Tradigdo Umbu e ndo ha descrigdo de grupo cultural para

0 segundo.

Figura 5 - Sitios arqueoldgicos datados por Carbono 14 na Mata Atlantica
Subtropical, a partir de 1.000 anos atras.
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Fonte: autora, utilizando dados de localizagao e datas de sitios arqueolégicos da base de
dados BRC14 (https://brc14database.com.br/), o limite da Mata Atlantica foi obtido no site
“http://terrabrasilis.dpi.inpe.br/”, e a hidrografia foi obtida no site “https://metadados.snirh.gov.br”.

O primeiro registro datado de sambaquis esta no estado de Sao Paulo,
Sambaqui Capelinha |, e data de 7.870 AP (COLLET, 1985, PENIN, 2005). No Parana
€ de 6.540 AP, Sambaqui do Ramal, (PARELLADA & GOTTARDI NETO 1993;
WAGNER et al. 2011) e em Santa Catarina é de 6.130 AP, Jabuticabeira Il. No Rio

Grande do Sul, o primeiro registro € do Sambaqui Balneario Atlantico 9, que tem data
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de 3.540 AP, pouco antes da chegada dos Jé-meridionais que aparecem nos registros
datados 3.000 AP. Apesar das datas serem relativamente proximas, isso nao é o
suficiente para afirmar que a mudancga se deu em funcdo das interacdes entre Jé-
meridionais e populacbes sambaquieiras, o que ainda € um tema controverso
(NEVES, 1984, NOELLI, SOUZA, 2017). Ha 3.000 anos atras houve a intensificagao
de uma mudanga climatica e de cobertura vegetal, situagdo em que o clima na Mata
Atlantica subtropical se tornava mais umido e a vegetacdo passava a conter mais
arvores do que herbaceas (BEHLING & PILLAR, 2007; JESKE-PIERUSCHKA, 2013).
Tal mudanca climatica pode ter motivado a migragao dos Jé-meridionais para o Sul
(URBAN, 1992), sendo que vieram a ocupar muito da area de Mata Atlantica

subtropical (Figura 6).

Figura 6 - Sitios arqueoldgicos Jé-meridionais.
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Fonte: Noelli e Souza, 2017.

Na sequéncia, ha cerca de 2.500 anos atras, chegam os Guaranis, e ocorre
em sequéncia um aumento populacional (NOELLI, 2000). Com isso ha uma
compartimentagao do territorio entre Jé-meridionais e Guaranis, sendo que o0s
primeiros passam a ocupar as areas mais altas e encostas, onde desenvolvem
marcadores arquitetdnicos (SOUZA et al., 2016; CARDENAS et al., 2015), enquanto
os Guaranis mantiveram seu padrao de ocupacao em redes ao longo de rios e da
linha da costa (BONOMO, 2015). 1.500 BP a formacao de sambaquis grandes reduz
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drasticamente, junto com a ocupacéao costeira de grupos da tradigdo Taquara/ltararé
(Jé-meridionais) (COLONESE et al, 2014).

Nota-se que a Mata Atlantica Subtropical ja apresentava uma longa historia
de interagcdo com humanos anterior a chegada dos europeus no Neotropico, assim
como ja demonstrado para a Floresta Amazbénica (CLEMENT, 2015; DeCASTRO,
2002; BALEE, 1994), para a transicéo entre Cerrado e Floresta Amazénica (POSEY,
1985) e para outras regides da Mata Atlantica (OLIVEIRA, 2007). Ao longo dessa
historia, as praticas de producdo de alimentos se deram predominantemente por
sistemas agroflorestais. Como consequéncia, formam-se areas de adensamento de
espécies Uteis, tais como pinheirais, butiazais, palmitais e ervais, (NOELLI, 2000).
Além disso, levaram a presenca de as arvores indicadoras de disturbio, que sao
aquelas presentes em areas de pousio que naturalmente ocorrem isoladas ou com
poucos individuos, em geral apresentam um ciclo de vida longo, como as palmeiras,
e sd3o0 ndémades bioldgicos transportados por humanos (BALEE, 1994). Mas um
exemplo que expressa a intensidade das relagdes entre humanos e os padrbes de
distribuicdo de espécies arboreas é o da Araucaria angustifolia, cuja ampla
distribuicdo tem também a influéncia de agdes humanas, o que foi comprovado pelos
trabalhos de Robinson e colaboradores (2018) e Lauterjung e colaboradores (2018).
No presente trabalho apontaremos outras espécies que tem relagdo com processos

passados de Construcao Cultural de Nicho.

1.6 PREMISSAS

a) o territério da Mata Atlantica Subtropical € ocupado desde pelo menos
14.000 anos atras, com aumento populacional desde a chegada dos
grupos amerindios Jés-meridional e Guarani ha cerca de 3.000 anos
atras;

b) trata-se de um ambiente com alteracées antropicas nas florestas
desde os periodos supracitados;

c) grupos culturais tem sua propria forma de manejar a paisagem;

d) indigenas Jé-meridional (Xokleng e Kaingang) e Guarani estao

presentes na Mata Atlantica Subtropical.
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1.7 HIPOTESES

Capitulo 1

a) A composicao floristica atual contém espécies relacionadas com a
presenca de grupos Amerindios.

b) A composicao floristica apresenta diferenga entre areas ocupadas
por diferentes grupos culturais no passado.

Capitulo 2

c) A Caseatria sylvestris pode ser indicadora de caminhos e de territérios
de grupos Guarani e Jés-meridional (atuais Xokleng e Kaingang)
desde o periodo pré-colonial, visto que a espécie é utilizada por
ambos 0s grupos, que ha indicios de uso indigena em seus nomes
populares (cha de bugre e guagatonga que é uma palavra tupi-
guarani).

d) A Casearia sylvestris pode ser indicadora de caminhos de Jé-
meridional (atuais Xokleng e Kaingang) e Guarani, distribuicdo quase
linear ao longo de rios (padrao de deslocamento Guarani) e da borda
de encostas (padrao de deslocamento Jé-meridional).

e) A Casearia sylvestris € mais abundante onde € mais longa a duragao
da relagao entre etnia e planta, e assim mais abundante préximo de

terras indigenas.

1.8 OBJETIVO

O objetivo dessa tese € resgatar a histéria das relagbes humanas com as

florestas subtropicais e de identificar os legados amerindios na vegetagao recente.

1.8.1 Objetivos Especificos

a) ldentificar espécies relacionadas com a ocupagao Jé-meridional e/ou
Guarani no passado.

b) Testar o uso de uma espécie como indicador de rotas Amerindias.

c) Verificar se ha influéncia da proximidade das terras indigenas sobre

a vegetacao.
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Se transponho as palavras de Cora Coralina
“[...Juma mulher que fez a escalada da Montanha da Vida removendo pedras
e plantando flores]...].” (CORALINA, Cora. 2001.)

para os termos da ecologia historia:

Uma mulher que construiu nichos, corredores e domesticou a paisagem.
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2 CAPITULO 1 - PRE-COLONIAL AMERINDIAN LEGACIES IN FOREST
COMPOSITION OF SOUTHERN BRAZIL
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Abstract

Past human societies have left persistent marks on forests worldwide. However, the degree to which pre-
colonial Amerindian societies have affected forest structure is still not fully understood, especially in southern
Brazil. This study investigated the influence of two distinct Amerindian groups (Southern-Jé and Guarani) over
tree composition of forest fragments in the State of Santa Catarina. Vegetation data was obtained from the Santa
Catarina Forest and Floristic Inventory (SCFFI): a statewide systematic vegetation sampling project.
Archaeological data was collated from literature reviews as well as existing databases for archaeological sites
occupied by Guarani and Southern-J& groups. Using these sites of known Amerindian occupation, and
corresponding environmental variables, ecological niche models were developed for each Amerindian group,
predicting potential archaeological sites occupied by these groups across southern Brazil. Maps of these potential
occupation sites of pre-colonial Amerindian groups were compared with 417 corresponding floristic inventory
plots. Redundancy analysis (RDA) was used to identify floristic composition patterns linked to areas with a high
probability of Southern-J& or Guarani presence. Southern-J€ and Guarani pre-colonial occupations overlapped near
main rivers; however, Southern-Jé groups generally occupied elevated areas whereas Guarani occupied mostly
coastal areas. We observed differences in forest composition associated with the predicted occurrence of these pre-
colonial Amerindian groups. Based on these results, we argue there is a relationship between tree species

distribution and pre-colonial human occupation by these two Amerindian groups.

Keywords: Historical Ecology,; Forest Composition; Archaeology; Southern-Jé; Guarani; Ecological

Niche Modeling,; Araucaria.
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Introduction

To understand species distribution, we need to consider many different aspects, both biotic and abiotic,
and their interdependence, as well as the historical processes. Historical ecology research seeks to understand past
human legacy on present day species composition, community assemblage, and identify positive interactions (eg.
mutualism) and process associated with niche modification [1-3]. A place with the appropriate environmental
characteristics for a species is how Grinell (1924)[4] defined a niche. The development of the niche concept
incorporated new factors: biotic interactions were considered [5], environment was expanded to multiple layers
[6], and the effect of negative biotic interactions (e.g., competition) on species niche retraction were intensely
evaluated [7-9]. Subsequent evolution of the niche concept recognized that positive interactions (e.g., facilitation)
were capable of widening the niche [10]; introducing the idea that some species can modify their environment,
and thereby can promote changes in resource availability for another species. These species are called ecosystem
engineers[11]. The most effective ecosystem engineers are species that cause the longest-lasting modifications to
their environment, and have the largest population size; for example, humans [11]. Once species modify their
environment, they are able to change the direction and force of selection. This bi-directional relationship between
species and their environment, may affect the species’ niche as well as the niches of other species [12]. The Niche
Construction Theory (NCT) predicts that past bi-directional selective processes result in species composition
signatures that are perpetuated over time, and can be recognized in contemporary communities, a pattern called
‘legacy’ [12]. Different societies placed in different contexts modify their environments in different ways [1]. The
term Cultural Niche Construction (CNC) has been coined to emphasize that cultural factors drive decisions about
the changes that humans promote in their environment and, consequently, to the environment available to other
species [13,14]. CNC theory provides an integrative scenario to understand human legacies on natural ecosystems
worldwide [14].

Recent historical, archaeological, and ethnographical studies recognize the historical influence of human
activities on what has previously been considered primary, untouched, or pristine forests. Many tropical forests
previously thought of as pristine were revealed to have been shaped by past human societies [15,16]. For example,
recent studies have shown that Amazonian forests have been modified by indigenous populations for millennia,
altering plant species distributions across the region [17,18].

The Atlantic Forest is likely no exception: the region was also occupied by Amerindians long before and
continued after European arrival [19]. Archaeological studies have reconstructed the long-term human history of
the region, identifying many Holocene archaeological sites in southern Brazil (at least 1704 sites already mapped
in the region). This indicates that the Atlantic Forest, now drastically reduced and fragmented [20], has had a long
history of human interaction.

History of human occupation in the State of Santa Catarina (Fig 7) commenced in the highlands ~ 11,500
Before Present (BP) [21] and in the littoral zone ~ 8, 000 BP [22,23]. Hunters and gatherers were the first human
groups to occupy this territory [24]. Current indigenous peoples in the area belong to the Southern-Jé (Xokleng or
Laklafio and Kaingang) and Guarani linguistic groups. Jé groups from Central Brazil has started their migration to
Southern around 3, 000 years BP [25] [26]. Archaeological dating in southern Brazil indicates The Southern-Jé
commenced occupation along highland rivers, and then moved into littoral areas [25]. Highland occupancy is a
general distribution pattern of Macro-Jé linguistic groups in Brazil in the central and eastern plateaus [26]. In the

southern Brazil highlands, they relied on ‘pinhdo’ (Araucaria angustifolia seed) as a key food source [27,28],
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associated with another cultivated resources, as Zea mays, Manihot esculenta, and Dioscorea sp., and widespread
hunting and fishing. The Guarani migration is related with Tupi expansion from Amazon. The main route for this
Guarani migration from Amazon basin to southern Brazil is related to Parana and La Plata river basin The two
principal Guarani suggested centers are the Amazon and La Plata Basins [29]. The Guarani arrived in Southern
Brazil only around 1800 years BP [30]. They are recognized as sealers, fishermen and farmers who followed the
main rivers and the coast expansion of their territories. Contrasting both migration dynamics, Guarani groups
migrated by expanding their territory, whereas the Southern-Jé migrated by leaving old territory and moving into

new ones [25,26].

Figure 7 - Timeline of diachronical succession of human population events and linked
changes in vegetation cover, in State of Santa Catarina.
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The Southern-Jé and Guarani migrated to the south of Brazil to a landscape where forests were expanding
and at a time of climate transition. In the highlands, Araucaria moist forests were expanding over what were
previously grasslands. Grasslands are remnants of a drier climate, whereas forests are favored by the current
climatic conditions [31]. Around 3000 years ago, forest expansion over grasslands intensified [32,33], coinciding
with the arrival of the Southern-Jé people in southern Brazil [25,26]. Together with climate changes, humans may
have acted as a complementary driver of forest expansion due to transportation of seeds [27,28,34,35], and
maintained grasslands using fire [32,33,36]. Recent research has shown that human action was essential for these
forests to reach their maximum distribution [34,35]. There are many evidence of the long-term use of A.
angustifolia by past Amerindian societies also suggests they promoted the population expansion of this species,
which is the dominant species of Araucaria moist forests in southern Brazil [37]. Araucaria angustifolia is
recognized as a nurse plant, that is, its dispersion would favor the expansion of other forest species [38—40]. The
role of human action in the assembly of forest communities in the pre-Colombian period as well as legacies in
recent communities are still issues to be understood in the historical ecology of southern Brazil.

Globally, studies showing the influence of past cultural groups on species distribution patterns have
intensified (see[16]); however, the long-term history of the Atlantic Forest is still poorly understood. Historical

ecology studies in this region are hampered by the intensification of human occupation in recent times, which is
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obscuring past human legacies. This study aims to address this knowledge gap for southern Brazil. The niche
modeling approach was used to understand the distribution of past Southern-Jé and Guarani Amerindian groups
and then correlate this distribution with modern forest composition. Based on the premises that, (a) Southern Brazil
has been occupied by humans for millennia, and (b) humans are cultural niche constructors, our hypothesis is that
floristic composition differs in Southern Atlantic Forests with a high probability of past human activities, and that
different cultural groups also leave differing floristic composition and abundance legacies notable yet, despite the
disruption of these cultural groups and of the intense changes caused by recent populations. We suggest that
humans have been shaping these forest communities for at least 10,000 years; and that some differences in floristic

composition are the results of the historical process of human occupancy and cultural variability.

Materials and methods

Study area

The study area (Fig 8) covers part of the pre-colonial Southern-Jé and Guarani distribution, in the
Southern portion of the Neotropical Region. Located in southern Brazil, the State of Santa Catarina (SC) was
selected because floristic data has been systematically collected across the state [41], providing the opportunity to
compare spatial patterns with pre-colonial occupation. The entire area of SC is in the Atlantic Forest Domain [42],
one of the global hotspots for biodiversity conservation [43]. Vegetation consists of coastal scrubland, mangroves,
grasslands, and forests. Variation in forest types is influenced by geomorphology and climate. The entire State is
in the subtropical zone and climatic variation is related to latitudinal and altitudinal gradients. The elevation
gradient induces variation in air pressure, and consequently, promotes cooling. Landforms also drive atmospheric
water movement and influence rainfall regimes [44]. Temperature variability increases with distance from the
coast [44]. Santa Catarina has eighteen hydrographical basins, and combined with a moderate to high annual

rainfall, has substantial river resources for local populations.
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Figure 8 - Map of South America highlighting the study area that comprises the State
of Santa Catarina. Points indicate archaeological sites (Guarani sites in orange
points and Southern-Jé sites in gray points) and stars are the floristic sample units.
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Vegetation Data

We investigated whether there is a legacy of past human populations on present-day forest composition.
Vegetation data used in this study was collected by the Santa Catarina Forest and Floristic Inventory (SCFFI),
which systematically sampled shrubs and trees across the State in a grid system [41,45] (Fig 1). Each sample unit
covered 4000 m? [41,45]. All forest plots except sand dunes and mangroves (a total of 417 sample units) were used

to evaluate the abundance and distribution of all tree and shrub species in the study area.

Archaeological Data

Aiming to identify past human effects on forest composition, the first step was to locate archaeological
sites. Archaeological sites within the study area were identified from literature reviews, as well as field data
collected since 2011, by the Laboratory of Interdisciplinary Archaeology Studies at the Federal University of Santa
Catarina. The literature review considered data published by Bonomo et al (2015), and Noelli and Souza (2017),
covering the south of Brazil, and only used sites that were classified as Southern-Jé or Guarani. Another Southern-
Jé archaeological sites were identified in LEIA database based on earthworks description. Using this data, we

constructed a matrix with geographical coordinates of Southern-Jé and Guarani archaeological sites. Geographical
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location was the only information available for spatial analysis that could be obtained from all archaeological sites
(although not always mentioned in archaeological studies). Only archaeological data with cultural attribution was
used in order to identify any association between species and cultural variability. The selected archacological sites

have been occupied over the past 3,000 years.
Topographic, hydrographic and forest type data

In order to understand which landscape features most influenced past Amerindian distribution, and
contributed to defining their niche, we selected variables related to human preferences for specific environments;
such as, topography, hydrology [46], and river proximity [23,47]. The Height Above the Nearest Drainage
(HAND) was used as a proxy for water table depth, and altitude and slope were used to define terrain (topography)
[48]. Water course vectors were separated using Otto Pfafstetter’s watershed coding method [49]. Coastline
distance was used, assuming that the sea is a source of food and other services used by the populations [30,47,50].
Correlations between geomorphologic and hydrographic variables were evaluated. Forest types were mapped
according to the classification of global terrestrial biomes [51] as follows: (1) Rain Forest (locally called "Dense
Forest") on the coastal mountain range; (2) Mixed Forest (locally called "Araucaria Forest") on the highlands; and

(3) Deciduous Forest found inland, especially in the Uruguay River basin [52].

Data Analysis

River classes area were grouped in case of collinearity (other variables did not present autocorrelation).
The distance from each river class was rasterized using the Euclidean Distance function in Qgis. We also generated
a Euclidean raster distance from the coastline.

Occurrence area of each Amerindian group was defined based on the geographical distribution of
Southern-Jé and Guarani archaeological sites. Occurrence area was used to limit the spatial area modeled for each
cultural group. To understand the past Amerindian distribution, we developed models based on archaeological,
topographic, and hydrographic data in Maxent interface (Ecological Niche Model — ENM; using the package
‘ENMeval’ [53]) to fit models and predictions of archaeological sites beyond sampled locations in R [53,54]. Since
we only had presence-only data on the location of archeological sites and because data wasn’t obtained by
systematically sampling, we decided to use Maxent, Maximum Entropy Method, suited for analyzing presence-
only data [55]. To further minimize sampling bias, we worked only with one archaeological site on every 10 x 10
km pixel. We used random k-fold validation with 4 k-folds, combining Features Class (FC): Linear (L), Linear
and Quadratic (LQ), Hinge (H), and Linear Quadratic Hinge (LQH); and Regularization Multiplier (RM) sequence
values 0.5, 4, 0.5. Models were sorted in decreasing order by the largest AUC values (Area under receiver operating
Curve) and lowest overfitting, estimated by contrasting AUC values of train and test sets, and then, between top
ranking models. Only one model was finally chosen by visual inspection. The chosen model was then used to
generate predictive maps of the potential distribution of past Amerindian occupation. Estimates of the variables
contribution to each model was expressed in terms of percent contribution and permutation importance values.
Two separate maps for Southern-Jé and Guarani sites were constructed. Using these maps, the overlap of Southern-
Jé and Guarani past distributions was calculated with the similarity statistic ‘I’ [56], where results fall between 0

and 1 (0 indicating no overlap and 1 indicating full overlap).



44

Vegetation sampling locations were overlaid with the maps of the potential distribution of both cultural
groups. Next, we extracted the probability of each vegetation sample location falling over Southern-Jé or Guarani
sites, or both. To assess the relationships between past Amerindian groups distributions and floristic composition
of current forest fragments, we carried out a Redundancy Analysis (RDA), using the package ‘vegan’ [57] in R.
The matrix of species abundances was used as the response variable and the probabilities of Southern-Jé and
Guarani sites for each site were used as predictors. Forest type was added to ordination diagrams to aid
interpretation but was not used as a predictor in the analysis. QGIS software was used for all geoprocessing

procedures and R for multivariate analyses.

Results

Guarani and Southern-J¢ distributions were influenced by the distance to first or second order rivers (using
Otto Pfafstetter’s hierarchy, Fig 9). The importance of this variable was 42.2% and 40% (contribution and
permutation importance values, respectively) in the Guarani model and 22% and 31.9% in the Southern-Jé model.
Guarani distribution was also influenced by coastline distance (contribution: 36.9%; importance: 51.8 %), which,
conversely, was the environmental variable with the lowest influence over Southern-J¢& distribution (contribution:
0.2 %; permutation importance: 0.6 %). Elevation was the environmental variable with the highest influence over
Southern-Jé distribution (contribution: 39.6%; permutation importance: 27.1%), being irrelevant to Guarani
distribution (contribution: 1.2%; permutation importance: 5.2%). The most suitable environments for Guarani
people were those with proximity to the sea or rivers, while Southern-J¢€ sites were mostly found in elevated areas
and near rivers. The final Guarani model (Fig a) was generated with FC=H and RM= 2, showing an AUC = 0.83.
The final Southern-Jé model (Fig 4b) was generated with FC=LQP and RM=4, and had an AUC = 0.71. Final

images are available in S1A and S1B files.
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Figure 9 - Ridgeline plot of smoothed density estimates of the probability of
occurrence of Southern-Jé (gray) and Guarani (orange) archaeological sites in
relation to environmental variables. Green line width indicates variable importance to

the model.
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Figure 10 - a) Map of the probability of past Guarani distribution; b) Map of the
probability of past Southern-Jé distribution; c) Map without scale of South America
highlighted areas showed in a and b. These maps were created with ecological
niche models that presented the lowest overfitting and the highest AUC values.
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Niche overlap between past distributions of Southern-Jé and Guarani was noticeable (/ = 0.64; Fig 5).
Overlapping areas are located along the major rivers (1« and 2~ order) and along main rivers within intermediate-

sized basins (3~ order, Fig 11).
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Figure 11 - Spatial partitioning between archaeological Southern-Jé and Guarani
distribution.
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The first two axes of the Redundancy Analysis (RDA) explained 7% of the data variation (Fig 6) and
show (i) directional segregation between the two cultural groups and (ii) the links between the distribution of these
Amerindian groups and forest typologies. Ordination of sampling units (Fig 6a) suggest Southern-J¢ sites relate
with Mixed Forests and Guarani sites are more related with Rain Forests. Seasonal forests were likely used by
both groups. The scores of the relation between the first axis of the RDA and the past Amerindian groups
distribution was -0.57 for Guarani and 0.85 for Southern-Jé: the second axis had positive scores for both groups
(Southern-Jé = 0.52 and Guarani = 0.81). RDA ordination analysis highlighted three clear groups (Fig 6): (1)
species shared between the Southern-J&é and Guarani groups that are in the positive range of the second axis, (2)
species related to the occurrence of the Southern-Jé group in the positive range of the first axis, and (3) species
related to the Guarani presence in the negative range of both axes. Some species related to both axes, but were
more strongly related to the Southern-J€ (left side of the first RDA axis) or Guarani (right side of the first RDA
axis). Twenty-nine species had ordination scores higher than 0.1 or lower than —0.1 and were considered as
associated with Amerindian past distribution. These 29 species were listed along a cultural gradient (Fig 7). The
listed species belong to 20 families, Lauraceae (n = 6), Sapindaceae (n = 3), Anacardiaceae and Arecaceae (n = 2),

with the other families represented by only one species each.
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Figure 12 - The redundancy analysis of species abundance and the probability of occurrence
of Southern-Jé and Guarani archaeological sites. Arrows represent maximum
variation directions. a) Dots represent vegetation sampling units. b) Shows the

species distribution. Polygons and colors indicate forest typologies in both figures.
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Figure 13 - Relationship between tree species and the two past Amerindian groups
(Guarani and Southern-Jé). These species were selected because they had
ordination scores higher than 0.1 or lower than -0.1 in the RDA.
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Discussion

This study investigated the cultural legacy of pre-colonial Guarani and Southern-J€ in the present floristic
composition of forest remnants. Correlation of the distribution of past Amerindian groups and forest species
detected species associated with each group. Landscape compartmentalization between the geographical

distribution of archaeological sites occupied by Southern-Jé and Guarani groups was identified. Landscapes
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suitable for Southern-J¢& are generally at higher altitudes and close to water courses. Guarani settlements were more
likely to be closer to the sea or large rivers. Suitable landscapes for both groups seem to overlap near the larger
rivers.

The species that showed association with pre-colonial Amerindian groups could simply be associated
with the landscape characteristics that predicted the distribution of these groups. Alternatively, the plant species
could be attracted to human occupation or could be favored by humans, by both intentional or unintentional actions
[58]. For instance, Amerindians intentionally cleared the land and used fire to produce crops, and unintentionally
favored plants by interrupting seeds dormancy, like Mimosa scabrella [59—61], by improvement in light
availability to pioneer species, like Solanum mauritianum [60]. In the State of Santa Catarina
palynological evidence indicates that the opening of clearings for cultivation started between 3760 and 2430 B.P
(Fig 1) [34]. Guarani expanded their occupation area and transplanted useful plants when they migrated, favoring
fruit trees that attract fauna, and expanding the territories of species of cultural importance [62]. Amerindians
transplanted cassava, beans, maize, and genipap from the Amazon to southern Brazil as part of a cyclic agroforestry
production system [62]. The Southern-Jé were probably responsible for Araucaria forest expansion over
grasslands [27,34,35]. Pre-colonial Southern-Jé and Guarani archaeology reveals evidence of agriculture
[30,62,63] and pottery production [30,62—64], and both these activities require fire. Fire was used for many things
(e.g., heating, cooking, ceramic preparation, and cremation) and may have involved selective extraction or
gathering of species for fuel. Fuel for funeral use must reach very high temperatures, for domestic use it must be
casily controllable [65]. The use of fire in rituals can also lead to the selection of woods by symbolic characteristics.
Archaeological research has shown that Southern-Jé used preferred species in contexts that indicate the practice
of rituals: Araucaria angustifolia, and Jacaranda sp. in a location where Araucaria is not available [66]. Fire use
could also be unintentionally selective, driving changes in species composition, unintended by those lighting the
fires. Agriculture and transplanting fruit trees are examples of intentional activities that modify species
composition. Southern-J& constructed earthworks, that were landscape modifications benefiting some species, in
a similar way to the Amazon mounds earthworks[17].

We observed a distribution pattern of Southern-Jé and Guarani groups that was associated with forest
types. Southern-Jé sites occur mainly in Mixed Forests (Araucaria forests), where many subterranean structures,
earthworks, have been found. Araucaria forests are recognized as an important element in the social organization
of the current Southern-Jé (Kaingang and Xokleng/Laklafio) [34,66]. Southern-Jé controlled their territories by
managing the Araucaria forests [64]. Guarani sites have not been found in Mixed Forests but are common in Rain
Forest areas. Both groups co-occurred in Seasonal Forests, probably because this forest type is mainly distributed
along an important river (the Uruguay River). Rivers are a factor associated with both groups’ distributions,
including their ancestral territories. Rivers are especially important in Guarani culture, they are excellent sealers
and fishermen [30]. The Southern-J¢é arrived before the Guarani in southern Brazil and initially occupied coastal
zones and riversides [25]. However, main rivers and the coastline were also migration routes used by the Guarani
[30]. The Southern-Jé subsequently intensified the highlands occupation, and this may be due to arrival of the
Guarani people [25,67], or due to ecological identity with their ancestral territories, which are highland headwaters
[26].

We found a species partitioning gradient between the two cultural groups in analysis of the species

distribution (Fig 7). An important point is that our analyzes do not isolate the causes of the distribution of plant
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species, we are considering niche construction as a process in which factors of different natures are
inseparable. Many of the species listed in this gradient are cited in the ethnobotanical literature as important for
Southern-Jé and Guarani. Species such Dicksonia sellowiana (Fig 7a) is associated with Southern-Jé groups, and
cited in literature as a culturally valued species that is used to prepare a traditional drink called “Mog” [68,69].
Araucaria angustifolia (Fig 7b) appears to be associated with Southern-Jé presence, and archaeological evidence
exists of its use by pre-colonial Southern-Jé groups [27,70,71]. Dicksonia sellowiana and A. angustifolia are very
abundant species in Mixed Forests, as are llex paraguariensis (Fig 7c) and Matayba elaeagnoides (Fig 7d). I
paraguariensis is a key cultural species, whose leaves are used to prepare a drink called "chimarrdo" or “mate”,
that is popular in South America [72]. The practice of consumption and processing of 1. paraguariensis leaves are
culturally tran;smitted by Amerindians [72]. M. elaeagnoides is described as a good quality burning wood [73].
Lithraea brasiliensis (Fig 7¢) has a popular name “bugreiro” (“bugre” with an added suffix to indicate that it is
connected to, or used by, the bugre). Although this species is associated with Southern-J¢, L. brasiliensis was also
reportedly used by Guarani for construction purposes [74]. Along the entire gradient, we observed species of the
Lauraceae family, composed by the genera Ocotea (Figure 6f) and Nectandra (Fig 7g). Among these and linked
with Southern-Jé distribution, the species Ocotea porosa is currently listed as vulnerable to extinction[75]. We
observed a change in the composition of Lauraceae inside the gradient. From the species are shared by both
Southern-Jé and Guarani, the genus Ocotea is replaced by the genus Nectandra. The species shared by the two
cultural groups are at the center of the gradient and all of them are abundant in inland Seasonal forests. In addition,
all of these shared species are cited by various cultural groups in ethnobotanical literature, reinforcing that they
are species of shared cultural use and knowledge. Luehea divaricata (Fig 7h) is used medicinally by Laklafio
(Southern-J€) [69], Guarani [74,76,77], and regional farmers [73]. Cupania vernalis (Fig 71) is used by Laklafio
[69], Guarani [74,76,77] and regional nowadays farmers [73] for food, construction and artifact production.
Species such as Syagrus romanzoffiana (Fig 7)) and Euterpe edulis (Fig 7k) are associated with Guarani presence,
but only S. romanzoffiana was common to both Guarani and Southern-Jé. Both species are reportedly used by the
Guarani [74] and S. romanzoffiana is known to be cultivated by them [62]. Arecaceae is an important family for
human subsistence in the Atlantic Forests, because its species produce many fruits, and in some cases, palm heart
[19]. Arecaceae phytoliths have been found in archaeological Southern-Jé pottery, which could suggest
consumption and processing or may represent background vegetation [63]. Euterpe edulis is a very abundant
species in dense forest (Rain Forest) [78], while S. romanzoffiana also occurs in other forest typologies [78—80].
Other species associated with Guarani presence are Casearia sylvestris (Fig 71) and Pera glabrata (Fig 7m), both
species with Amerindian references in their popular name: “bugre tea” [73,74,76] and ‘“bugre
heart”’[69]respectively (“bugre” is a pejorative name for native people). Casearia sylvestris is a species culturally
prominent for present day Guarani [76] and P. glabrata wood is used by Guarani for construction [74,77] and by
Laklafios (Southern-J€) for artifact production [69].

Our analysis explained only 7% of data variation; however, given the wide spectrum of environmental
characteristics that may influence vegetation patterns at the landscape scale, past Amerindian cultures may be an
important factor to consider. Our results indicate past Southern-Jé and Guarani distributions are another factor
driving differences in present-day forest species composition.

To infer how much of the activities in the pre-colonial period may be registered in today's forest

composition, it is important to consider demographic changes. We illustrate the expectation of human impact at
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different times (Fig 1). Although we still don't have detailed demographic estimates for the pre-colonial period in
southern Brazil [24], we have estimate up 3,000 years ago [81]. The population density in the state of Santa
Catarina would have been 0,15 inhab/km?2 in the period between 11,000 and 7,000 years ago [81]. That density
would have remained in the western portion until 3,000 years ago, but would have increased in the east reaching
up to 0,75 inhab / km2 [81]. that we don’t have demographic data, but in the period between 1,800 BP and 1,400
BP the Guarani occupation began [30], there was an increase in the Southern-Jé population [34], and as a
consequence of this interaction there were cultural changes [67]. In the present year, 2,020, the population density
in the state of Santa Catarina varies from 0.7 inhab/km2 (in the largest portion of the territory) to 400/ inhab/km?2
(in a few places) [82]. Thus, despite the collapse of the Amerindian populations, there was a population increase
in the study area. That pattern contrasts with the Amazon, where there was general depopulation [58]. If on the
one hand in the Amazon, populations of domesticated plant species are being lost [58], on the other hand, pre-
colonial legacies are evident [18]. In State of Santa Catarina Amerindian populations have drastically reduced, just
like in the Amazon, so populations of domesticated species may also be missing. However, if there was
intercultural transmission of knowledge, some populations of domesticated species may have perpetuated. In
general way, State of Santa Catarina population density increased and that has resulted in intense recent changes
in vegetation [83]. Despite this, we have listed here 29 species related to the Southern-Jé and Guarani occupation
in the pre-Colonial period. We suggest that traits of domestication of these species be investigated, because some
populations of domesticated species in the pre-Colonial period may have been maintained [84], and we need more

investigations in this regard.

Past Amerindian distribution

This study found that Southern-Jé and Guarani group distributions are related to different environments.
Landscapes preferred by Southern-Jé were likely higher altitude and close to minor water courses, whereas Guarani
settlements were more likely located near the sea. Both groups may have shared locations near large rivers.

The past distribution models generated, are an advance on broad analyses, because they reinforce, and
spatialize the preferential landscape characteristics for pre-colonial Southern-Jé and Guarani groups. Maps of past
Amerindian group distributions are useful for investigating spatial patterns; such as, relationships with vegetation,
or landscape partitioning between cultural groups. Distribution models generated with presence data are only
potentially usable when they have an AUC value above 0.75 [85]: however, for goodness of fit evaluation of
models in general, AUC values above 0.7 can be considered good [86]. Evaluating AUC values in species
distribution models, Elith et al (2006, [87]) observed that 64% of the best models presented AUC values above
0.75, and 14% of the best models presented AUC values between 0.7 and 0.75. In this respect, the Guarani
distribution model, with a value of 0.83, can be considered adequate. The Southern-Jé model presented an AUC
above 0.7, so we consider it acceptable, but understand there are caveats. Our maps explain the spatial dimension
of the occupation of southern-Jé and Guarani, but the temporal dimension mixes the entire period of pre-Colonial
occupation.

There was a niche overlap between both cultural groups near main rivers. This may be explained by
occupation at different times, or by simultaneous occupation involving interactions between the two groups and

remains to be further addressed. The Southern-J€ initially occupied diverse territories in Southern Brazil. Around
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the time the Guarani arrived and began to occupy areas close to large rivers and the coast the Southern-Jé were
settled in the highlands. Although there are records of Southern-Jé presence in the highlands since 2000 years BP,
it is only around 1000 years BP that these groups started to build their funerary earthworks [64,67]. This new
architectural expression may be a way of controlling their territory, because it coincides with the arrival of Guarani
groups [67]. Guarani groups expanded their occupation along the margins of major rivers and along the coastline
[30]. The Jé people were distributed over the highlands in their Brazilian territory [25,26], and their pattern of
migration created isolated groups, differing from the Guarani [25]. Following contact with Europeans, Amerindian
populations were reduced due to territorial conflicts, diseases, political, and social disruption. There is evidence
of Guarani occupation followed by subsequent Southern-Jé occupation in some locations [25], suggesting that the
groups competed for the territories. Furthermore, synchronous Guarani sites inside of Southern-J€ areas have been

found, suggesting fluid frontiers where these groups have interacted over time [25].

Conclusion

Although there are still many pieces of the puzzle to be put together for a complete understanding of
vegetation patterns, this study is the first to assess pre-colonial cultural effects, on the contemporary forest
composition, of a large extent of the Atlantic Forest. This study evaluated forests that have been seriously altered
post-European colonization [83] and still detected a legacy of pre-colonial cultural groups on forest composition.
Forest composition differs in landscapes previously occupied by different Amerindian groups. This difference may
be due to the different ways differing cultures manage territory, indicative of Cultural Niche Construction. We
conclude that long-term cultural activities may have acted with other biotic and abiotic processes to determine

forest compositions in the Southern Atlantic Forest.
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Abstract: Current landscapes may contain tree populations favored by past
cultural groups. We investigated the Casearia sylvestris species to find out whether
its current distribution is related to the past presence of Guarani and Meridional-
Jé peoples in southern Brazil. We used data on species location, abundance and,
presence, and absence; Meridional Jé and Guarani models of past occupation
probability. We calculated: The cost surfaces to estimate the movement for each
cultural group based on topographical, hydrological, and cultural characteristics;
and the distance from individuals of C. sylvestris to Indigenous Areas, and we
obtained current climate data. We used Generalized Linear Models to identify the
effect of the variables on the presence and abundance (individuals number) of C.
sylvestris. The abundance model explained 67% of the total data variation, and the
presence model, 37%. The Meridional-Jé occupation and its less costly paths
favored the species abundance and presence, as well as the distance to indigenous
areas. The cost of the paths to Guarani peoples showed an inverse relationship.
Phytogeographic regions provided the highest responses in the models. Our
results highlight the influence possibility of the Meridional-Jé and Guarani
peoples’ role on ecological patterns of C. sylvestris and point out that the species
can be used as a marker of Amerindian routes.

Keywords: Landscapes; Culture; Casearia sylvestris; Atlantic forest; Guarani;
Meridional-Jé; Indigenous areas; Amerindians; Path markers; Past occupation.

1. Introduction

Landscapes constitute the central axis of a research program called
Historical Ecology, which focuses on the spatial and temporal dimensions
of human beings' relationships with their surrounding environments
[1,2]. Many past human actions have left marks that can still be seen in the
landscapes, such as, earth engineering, paintings, and even changes in
biological diversity. Thus, landscapes are testimony of those who lived
there and modified it [3]. The landscapes are inserted in a geographic
space, a place, where organism, matter, and energy flows occur [4]. For
Ingold, space can be defined as a mesh (“meshwork”), like a weaving, in
which yarn are as the lines (in the geometric sense), which are the paths
and the flows, the growth of the lines occurs by the expansion of the
movement, and the interspersed lines are the meeting of paths, which
form networks, and thus build the landscape [4,5]. For the author, there
are still dashed lines, which are not lines, but “a succession of instants in
which nothing moves or grows” [6, p.3]. In ecology, a landscape is
organized in a structure that defines operating patterns, and the elements
of this structure can facilitate or hinder flows. In an analogy with Ingold's
proposal, there would be easier or more difficult spaces to weave lines
and dots. These would be the corridors and barriers, respectively.
However, the structure of a landscape is determinant for flows, but these
can also modify the landscape structure, and the relationship between
flows and the landscape is bidirectional [7,1].

Another fundamental bidirectional relationship for understanding
human actions on the environment is in the Theory of Niche Construction,
which predicts that in addition to the environment acting as a filter that
selects suitable organisms (natural selection), organisms can modify the
environment and, thus, change the selection exerted by the environment
[8,9].
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Humans are very efficient as niche builders, and it is a fact that they
are not limited to landscapes [10]. We transpose and break so many
geographical and ecological barriers that we have modified about 75% of
the earth's surface [11]. Furthermore, we provoked changes in the
distribution of species at a global level, especially in the distribution of
plants, as these were continuously transported at different spatial and
geographic scales [12,13]. The ability to surpass barriers through
movement was fundamental to the success of humanity, motivated by the
search for food, water, exchange of goods, or maintenance of social
dynamics, which required displacements of different spatial scales
throughout human history [3,4,14].

Building a bridge is an example of how humans break barriers [15].
It is a construction that attracts other flows, in addition to the builders.
Thus, it becomes a significant place [16], attractive to a greater number of
people [17]. This is because the lines or marks left in the landscape are
attractive for re-occupation [18]. Other examples of marks are
constructions, engravings, but there are also subtle marks, such as
populations of useful plants.

Along old paths there may be persistent population densities of
intentionally or unintentionally transported species. Trees can be markers
of mobility [14] and also markers of management actions, such as the
density of species that naturally occur isolated or with few individuals
[19,20].

Examples of human groups that left tree populations as markers of
movement are the Nukak and the Kayapo peoples [21,22,23]. The Nukak
hunter-gatherer group movement has modified the landscape in the
Colombian Amazon, creating patches and changing the species density.
The Nukak move around a lot throughout the year, with short distances
between camps. By always returning to the same area, they create
resource patches, even orchards. The species used for food are favored by
the clearings opened for the encampments, thus, the densities of useful
species are formed over many years [21]. The Kayapd, on the other hand,
modify the landscape on their collection trips, with walks that last from a
month to a year. It would not be feasible to carry out these routes carrying
food, so, over time, collected plants were transplanted near trails and
camps [22,23]. In the present study, we seek to better understand the
movement marks of indigenous groups in southern Brazil, where it is
possible to identify evidence of species favored by their cultural practices,
with indications of species connected with the meridional Jé (current
Lakland-Xokleng and Kaingang) and the Guarani peoples [24]. Among
the species cited by Cruz et al. (2020) is Casearia sylvestris (Salicaceae),
which presents a distribution similar to corridors that match the
movement pattern of the Guarani peoples, along rivers [25], and also of
meridional Jé peoples, for whom mobility networks have been described
in flat and high areas in archaeological context [26] and also along the
edges of walls to access symbolic sites [27,28].

The Guarani peoples correspond to one of the indigenous peoples
that make up the Tupi-Guarani linguistic family. Its origin is related to a
division of Proto-Tupi-Guarani speaking groups that diverged about
4,000 years ago in the southwest Amazon, moving to the south along the
lowlands of the Paraguay river basin (Paraguay, Argentina, and Southern
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Brazil) [29]. Archaeological data suggest the border region between Brazil
and Paraguay as a possible nucleation site for the Guarani peoples in
southern Brazil around 2,500 years ago [25]. Currently, the Guarani
peoples are subdivided into four groups that live in villages or in urban
centers and that have different dialects and cultural practices: Mbya,
Nhandéva, Kaiowa, and Nandeva—Mybié. The Guarani movement is
linked to the expansion of the population into new areas without
abandoning old ones, forming interaction networks along water bodies or
the coastline [25,30], in a process defined by Brochado (1989) as swarming.
Migratory agriculture is a cultural practice of the Guarani peoples, and it
is possible that one of the transported species was Casearia sylvestris, since
it is important for this cultural group indicated by the popular name
“guacatonga,” which is of Guarani origin [31,32]. Another vernacular of
the species is “pau-de-lagarto,” in reference to the lizards of the Teiidae
Family that consume their leaves. These lizards are present in the Guarani
diet and consume the leaves of C. sylvestris, according to oral tradition, to
take advantage of the anti-ophidic properties [33].

Southern-Jé is a concept used by archaeologists and linguists to refer
to indigenous peoples who are found in southern Brazil and whose
language derives from the Macro-Jé linguistic trunk. Based on linguistic
evidence, peoples who speak languages linked to this linguistic trunk,
originating from the highlands of Central Brazil, would have migrated to
the southern portion of the country from 4,000 years ago [34,35], reaching
the southern states of Brazil between 3,000 and 2,000 years ago [36-39]. It
is assumed that the Jé peoples went through new subdivisions, moving
across Brazil along the plateaus [40,41] and possibly maintained this
pattern of movement in the new occupied areas, considering the higher
occupation density in the areas of plateau and mountain ranges in the
south [42,43]. However, it is important to highlight that the archaeological
remains associated with the southern-Jé occur in different topographic
compartments, such as on the coast [41,42]. In Santa Catarina, there is
evidence of paths related to the southern-Jé peoples on the flat tops of the
plateau, such as those that pass through the cliff edges (locally known as
"peirais”) to access the most symbolic places, such as shelters, as reported
by Machado [27] on access to the Gruta da Paca site: "through the upper
part of the wall, locally called "peiral” (p. 91). High mobility networks
were also identified in areas of higher altitude and flat topography [26].
The Meridional-Jé language family gave rise to the recent Xokleng and
Kaingang languages [44]. Like the Guarani peoples, the Meridional-Jé
peoples transplant plants in their migrations, including native trees [45],
as well as practicing agroforestry management in a large territorial
extension [27,28], also interacting with the C. sylvestris species [46,47].

C. sylvestris is a widely dispersed species, but it has some
characteristics indicating that it may have some degree of domestication,
such as low phytochemical and genetic variability between populations
[48-51]. In addition, it has multiple medicinal uses, which include anti-
ophidic, analgesic, anesthetic, antiulcer, antimicrobial, anti-inflammatory,
healing, diuretic, antiseptic, antiherpetic, anti-different agents of tropical
diseases (malaria, leishmaniasis, Chagas disease) and, more recently,
anticancer uses [52-57], which makes it very important to the global
pharmaceutical scenario. The species is used by several indigenous
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peoples [55], holders of traditional knowledge associated with genetic
heritage. This includes the indigenous peoples of southern Brazil
[47,58,59], a region where our purpose is to understand whether the
millennial history of indigenous relationships in this environment has
favored the species. Our hypothesis are:

1) Casearia sylvestris can be an indicator of paths and areas of ancient
occupation by Guarani and Meridional Jé peoples (currently Laklano-
Xokleng and Kaingang), since the species is used by both, with indications
of indigenous use in its popular names (bugre tea and guacatonga, which
is a Tupi-Guarani word).

2) Casearia sylvestris can be an indicator of paths used by the
meridional Jé (current Xokleng and Kaingang) and Guarani peoples, with
an almost linear distribution along rivers (Guarani displacement pattern)
and along the edge of the perais (Jé displacement pattern).

3) Casearia sylvestris is more abundant where the people x plant
relationship is longer, and therefore it is more abundant close to
indigenous lands.

2. Materials and Methods

2.1. Study Area

Santa Catarina is a Brazilian state (Figure 14a), located in the
subtropical region, between the latitudesparallels 25°57'41"S and
2923'55"S, and between the longitudesmeridians 48:19'37"W and
5350'00"0. It is fully inserted in the Atlantic Forest Domain, a world
biodiversity hotspot. The relief is formed by lowlands, mountains, and
plateaus, and the altitude varies from sea level to 1,800 m. The climate is
humid, and the rainfall is well distributed throughout the year. The
hydrographic network is rich, evenly distributed and is divided by the
Serra do Mar into two main basins: One on the Atlantic side and the other
on the interior side (Plate Basin).

Figure 14 - a) Study area, state of Santa Catarina, inserted in the Atlantic
Forest (green), in the Brazilian territory (grey) and in South America; b) Study area
with the distribution of sampling units of vegetation.

Source: author.
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2.2. Vegetation

We used the floristic database of FlorestaSC, which is a program of
the state government of Santa Catarina (SC), focused on forestry studies,
including floristic inventory. The allocation of the inventory samples
covers the entire state of Santa Catarina (Figure 14b), they are distributed
within a 10 km x 10 km grid, and in the Semideciduous Seasonal Forest
area the grid was reduced to 5 km x 5 km, due to high fragmentation.
FlorestaSC data collection records tree and shrub individuals with a
diameter at breast height greater than or equal to 10 cm. and taller than
1.30 m. The data we used corresponds to the survey carried out between
the years 2007 and 2010 [60]. We use raw data on the number of
individuals (abundance) and presence and absence of the species C.
sylvestris.

Geological diversity provides different environments that support
different physiological-ecological systems. The phytogeographic division
system used by FlorestaSC was proposed by Klein in 1978:

e The Seasonal Deciduous Forest (SDF), also known as deciduous
forest, is characterized by the total loss of leaves in up to 50% of
individuals in the unfavorable season, which is winter. Located in
the west of the state, along the Uruguay River and its tributaries. It
is the most fragmented formation in SC. There are areas of ecotones
with MOF.

e The Mixed Ombrophylous Forest (MOF), also known as the
Araucaria Forest, in reference to the conifer Araucaria angustifolia.
From 1,000 m altitude it is called montane MOF. It connects with
grasslands, SDF, and DOF.

e The Dense Ombrophylous Forest (DOF) is the characteristic
formation of the Atlantic Forest Domain, presenting a closed canopy
with little luminosity for the lower strata. In SC it is limited to the
west by the Serra do Mar and Serra do Geral and is the least
fragmented formation in the state. It presents areas of ecotone with
restingas and to the West with the MOF.

2.3. Casearia sylvestris

Casearia  sylvestris (Salicaceae) occurs in Central America and
throughout South America, where it is the probable origin of the genus
Casearia [61]. In Brazil, it occurs in the Cerrado, the Atlantic Forest, the
Amazon, the Pantanal, and the Caatinga. The oldest recorded pollen of the
genus Casearia was found in Panama about 37 million years ago and this
pollen is similar to that of C. sylvestris [61]. In an archaeological context,
the pollen of C. sylvestris was found in Missiones, Argentina, in a column
with dates between 1932+53 BP (Erl-12105) and 1072+43 BP (Erl-12104)
[62].

It is a species that, depending on the environment, can occur as a
shrub, arboretum, or as a tree up to 20 m high; its flowers are
hermaphrodite, pollinated by insects and with ornithochoric dispersion
[63, 33]. In the review of the genus for the Neotropical Flora, Sleumer [64]
distinguishes two varieties of the species: C. sylvestris var. sylvestris and C.
sylvestris Sw. var. lingua (Cambess.) Eichler, based on differences in leaf
morphology, conspicuity of secondary veins and preferred occurrence
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environment: var. tongue, in cerrados, and var. sylvestris in forest
formation. However, the separation between varieties is complex due to
the occurrence of morphologically intermediate individuals. Torres and
Ramos [65], who studied the Flacourtiaceae family in southeastern Brazil,
preferred not to adopt the separation proposed by Sleumer [64] for this
reason.

Cavallari and coworkers [63] studied the genetic structure of nine
populations of the species in southeastern Brazil by using microsatellite
markers and found, among other aspects, that there are significant genetic
differences between the varieties. Genetic analysis with a Bayesian
approach grouped the 376 individuals studied into two large groups that
correspond to the two varieties. That is, the genetic analysis showed great
agreement with the classification based on external morphology. The
authors observed that there is probably a duplication in the genome of the
species, notably in var. language.

Varieties of the species occur allopatrically, due to the isolation of
populations, but also in a sympatric and mixed way. The allopatric form
predominates in isolated populations (natural selection), while sympatry
can lead to the coexistence of different varieties of the C. sylvestris species
with different genetic adaptations to survive in different environmental
conditions, leading to greater genetic diversity; populations with
intermediate individuals also occur, which may be the result of complex
evolutionary processes, including the migration of different populations
and the occurrence of hybridization between varieties [63].

The varieties show strong genetic and phytochemical differentiation,
with the lingua variety producing more phenolic compounds and
sylvestris variety producing more clerodane diterpenes [66], both with
multiple medicinal applications [52-57]. The healing properties were
already related to the traditional knowledge of native peoples [67, 53].
One of the first publications on the species investigated compounds for
arthritis used by Native American populations [67]. Medicinal properties
include: Antidote for snake venom [68-73] and, in Brazil, oral tradition
points out that “Teid” lizards use the plant as an antidote for pit viper
venom [33]; the antitumor properties of casearins are widely studied [74-
78,57]; in addition to properties against various agents of tropical diseases,
such as anti-leishmaniasis and trypanocides [52,54], schitomicidal [79].

C. sylvestris It is used by different indigenous populations [80-84], to
the extent that it is popularly known as 'bugre-tea,' a name that refers to
indigenous people in the pejorative term 'bugre’; 'pau-de-lagarto’, in
reference to the “teiti,” a lizard that consumes the leaves of C. sylvestris
[33]; and by the indigenous Guarani name ‘guacatonga’ [55]. In the
southern region it is consumed by the Guarani [59], Kaingang [47], and
Lakland-Xokleng [58] peoples.

2.4. Settlement of the State of Santa Catarina

Archaeological evidence indicates that around 11,000 years ago,
parts of the Uruguay River valley and Babitonga Bay in the state of Santa
Catarina, were already occupied. The oldest site in the Uruguay Valley
has continuous dating from 11,614-11,196 years cal BP (9,925+45;
Gif3116/5acA40193) to 495-320 years cal BP (395+40; Gif3160/SacA44482),
related to the reoccupation of the site by Guarani peoples [85]. In the
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Babitonga Bay, a date obtained estimates the occupation of the region by
hunter-gatherers between 11,095-10,724 years cal BP (9,600+30; Beta-
496156) [86]. Around 9,000-8,000 years ago, human settlement began to
expand along the Uruguay River, with the first sites appearing in the
Itajai Valley [87-89]. On the coast, later human occupation dates back to
8,000 years, indicated by the presence of shellmounds [90-92].

Subsequently, according to the available archaeological data, around
2,000 years cal BP ago there was a population increase in the plateau areas
of Santa Catarina state, associated g with the expansion of the Araucaria
forests and with the arrival of the southern-Jé peoples [36-39], followed by
the expansion of the Guarani peoples [25]. During the same period,
Bbetween 2,200 and 900 years cal BP, a series of changes took place on the
coast, with the gradual reduction of active shellmounds and the
beginning of the construction of late shellmounds (shallow sites), which
show elements of continuity with the shellmounds [93-95]. Around 1,300
years cal BP, pottery associated with the southern-Jé peoples began to
appear on the coast, raising the debate as to whether there was a
movement of groups from the plateau/inland to the coast or whetherthere
was an intensification of interactions between both groups [96-100]. In
terms of Guarani occupation in Santa Catarina, the oldest sites are located
on the southern coast, dating to 1,200 years cal BP (1040+110, TL) [101]. In
the southern region of Brazil, the oldest dates on Guarani sites indicate an
initial occupation between 1607-1318 years cal BP in the Parana River area
(1625+60, SI-5021) [25]. Based on this, Bonomo and coworkers [25]
estimate that the oldest Guarani sites are located in the west of the state of
Santa Catarina, between the Uruguay and Pelotas rivers..

It was these more recent populations, related to the southern-Jé and
Guarani peoples, who initially came into contact with European
populations. Before the Portuguese colonization, a French expedition
landed in Babitonga Bay at 1504, on the north coast of Santa Catarina state,
which was occupied by the Guarani peoples [102]. But it was in 1658 that
groups of Portuguese, Vincentians (who came from what is now the state
of Sao Paulo) occupied the region more effectively. In 1678, a meridional
Jé village, in the south of the state, where the southern landmark of the
Treaty of Tordesillas had been implemented, was occupied by people sent
by the Portuguese Crown [102]. The Treaty of Tordesillas divided the
territory between the Portuguese (to the East) and Spaniards (to the West)
[102].

In 1756, five thousand Azoreans arrived at what is now the
administrative headquarters of the state of Santa Catarina, in the coastal
region, and in 1771 the first road was built, connecting the coast with the
plateau of Lages [103], a region that was occupied by the Kaingang people.
According to Zanelatto, Jung and Ozorio [104], the contact between both
groups probably resulted in the “incorporation” of the Kaingang people
to local farms, while, on the other hand, many indigenous groups resisted
the colonizing action [104].

From 1830, the arrival of the first European immigrants — especially
Germans, Italians, Slavs, Ukrainians, and Poles — motivated by the
distribution of land plots facilitated by foreign companies and laws to
encourage immigration [105], intensified territorial conflicts with the
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native peoples. The events of the Santa Catarina settlement are
summarized in Figure 15.

Figure 15 - Timeline of the settlement of Santa Catarina State.
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Source: author.

To protect immigrants from indigenous territorial defenses, the Santa
Catarina government hired armed people (militias), called bugreiros, to
decimate and capture indigenous people [106,107]. Currently, the
indigenous population of Santa Catarina is distributed in twenty-five
Indigenous Lands (Figure 16) and also in urban centers [107]. Nineteen of
these indigenous areas are traditionally occupied areas and the other
seven are Reserves [108], there are areas obtained and designated for
indigenous [107].
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Figura 16 - Map of the state of Santa Catarina with phytogeographic division and

Indigenous Areas, whereas: 1,7, 15-25 are Guarani; 2-6, 9-14 are southern-Jé; 8,

12, 13 are Guarani and southern-Jé Indigenous Areas. 2, 14, 19-21, 23 and 24 are
Reserves, while 1, 3-13, 15-18, 22 and 25 are traditionally occupied areas.
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Source: author.

2.6. Data collection

For data collection, the first step was to use a Geographic
Information System (QGIS) to superimpose data on the incidence and
abundance of Casearia sylvestris (FlorestaSC, 2007 - 2011) with the Jé-
meridional and Guarani occupation probability matrices. We will call
these matrices “probability maps.” and were created by niche modeling by
Cruz and collaborators [24], based on the location of archaeological sites
and with hydrological and topographic variables. We could obtain the cell
value of the probability map on which the sampling unit (SU) containing
the species is located. For this, the 'sample raster values' tool from QGis
was used. Afterwards, the polygons of the Brazilian Indigenous Areas
(IAs) were added [108], rasterized, and with the "proximity' tool of the Saga
package, a matrix file was generated with the proximity values of the
IATIs. The variable distance from Als was used because it represents long-
term human presence. The state of Santa Catarina has eighteen indigenous
areas of traditional occupation (representing a long-term presence) and
seven. Reserves, which are areas designated for indigenous occupation,
that is, that were not necessarily occupied in the past. However, we kept
all areas in the analysis considering that the recent impact is more visible,
as illustrated in figure 2. Next, the 'sample raster values' procedure was
repeated to obtain the cell value. The process was repeated to obtain the
values of environmental variables (minimum temperature in the coldest
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month and seasonality of temperature) provided by the WorldClim
platform. Still in QGis, the image of the Guarani expansion model
proposed by Bonomo and collaborators [25] was registered, which shows
the expansion along rivers, and after that we added the hydrographic
network [109]. The positioning of the SU with the presence of C. sylvestris
on the model by Bonomo [25] was visually evaluated.

The cost of movement was calculated based on the distribution
of Guarani and southern-J€& archaeological sites. Two cost surfaces
were calculated, each with different values for the site categories.
Cost surfaces are commonly used in least-cost analysis and involve
classifying and assigning different costs to environmental and
cultural variables [134, 135]. The higher the cost assigned, the more
difficult it is to move through the cell in least-cost modeling. The
cost surfaces were calculated using three variables: slope (generated
from the MDT NASA/SRTMGL1v003), hydrography (ANA/BHO
drainages), and geomorphological units subdivided by relief forms
classified by the Brazilian Institute of Geography and Statistics
(IBGE Geomorphology, 1:250,000). The procedures were
performed in QGIS 3.28. A new field was created in the
geomorphology vector, which combined the geomorphological units
and the relief forms. Additionally, two new columns were created to
assign different costs, one for Guarani and the other for southern-Jé.
The hydrography and geomorphology vectors were then converted
to a raster, selecting the Strahler order, and the two cost fields created
for geomorphology units. The slope and hydrography were
reclassified using the reclassify by table tool. The geomorphological
raster did not require reclassification since the vector was already
rasterized with the cost values. The cost values for each variable
were estimated considering the bibliographic information [25,110-
111,37], and the reclassified values are in the Figure 17. The cost of
slope increases significantly for slopes that are 60° or greater [136].
Hydrography can either facilitate or hinder movement, with high or
low values assigned respectively. The Guarani used rivers as
facilitators of movement, so a lower cost was assigned for the
watercourses [25]. In contrast, the southern-Jé considered the
watercourses as borders and not easily navigable, so they were given
a high cost [110-111]. The distribution of archaeological sample
sites was used to determine the cost of geomorphological units.
Finally, two cost surfaces were created by adding the reclassified
rasters in the raster calculator: one for Guarani and the other for
southern-J&.
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Figure 17 — Cost values based on bibliographic information.
Slope Geomorphology

Range (degree) | Reclassified values Geomorphological units + | Reclassified values
1.00-5.00 1 relief forms Guarani le
5.01-10.00 3 Sharp top depressions 70 70
10.01-15.00 10 Convex top depressions 30 30
15.01-20.00 20 Tabular top depressions 70 70
20.01-30.00 30 Pediplane plateaus 60 20
30.01-79.5585 50 Sharp top landings 50 10
Convex top landings 50 10
Drainages Tabular top plateaus 50 10
& ilerorder Reclassified values pediplano plateaus 50 10
Guarani le Flat plateaus 50 10
12 1 1 Sharp top plateaus 10 10
3.4 3 5 Convex plateaus 50 10
56 10 20 Tabular plateaus 50 10
78 20 30 Alluvial plains 20 40
9.00 30 50 Lagoon plains 10 20
MNoData 0 0 Coastal plains 10 10
Coastal plains - dunes 20 10
Sharp-topped mountains 60 30
Convex mountain tops 30 30
Tabular top mountains 70 70

Source: prepared by co-author Merencio.

2.6. Data analysis

We use generalized linear models. Previously, we removed collinear
variables through the variance inflation factor (VIF), whenever VIF >3
[137]. The predictor variables used were: Probability on the Jé-meridional
map, probability on the Guarani map, Jé-meridional cost surface, Guarani
cost surface, distance from IAs, phytophysiognomy of each UA,
temperature in the coldest month, and temperature seasonality. For the
incidence data of the species, we used the binomial distribution. For
abundance data, we used the negative binomial distribution. The models
were validated through visual analyzes of the model residuals. The
analyzes were performed in an R environment [112] using the car
packages [113] to remove collinear variables, MASS [114] to generate
generalized linear models, visreg to visualize the effects of the models,
DHARMa for validating the models, and MuMIn to access the model
goodness-of-fit.

3. Results

Our abundance and presence models explain, respectively: 67% and
37% of the total data variation. The results indicate that the abundance of
the Casearia sylvestris species (Figure 4 and Figure 5, Table 2) is positively
related to areas of likely Jé- meridional occupation in the past and
negatively related to Jé-meridional paths, indicated by the cost surface
variable. As for the Guaranis paths, the relationship with the surface cost
was positive. Regarding the distance from Indigenous Lands, the smaller
the distance, the greater the abundance of C. sylvestris. Temperature
seasonality and minimum temperature in the coldest month showed a
positive relationship with species abundance. As for the phytogeographic
regions, there are negative relationships in the Mixed Ombrophylous
Forest (MOEF), and positive with the ODF. Considering the presence and
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absence of C. sylvestris (Figure 17 and Figure 18, Table 3), all the significant
variables repeated the pattern found for abundance, namely: Surface cost
for Guarani peoples; distance from Indigenous Lands; temperature
seasonality; and for the ODF and MOF phytogeographic regions. The
model coefficients for abundance and incidence are shown in Table 3.

Table 3 - Generalized mixed model coefficients for abundance and presence

Variables

Estimate

ABUNDANCE PRESENCE

Error

z P Estimate Error z P

Surface Cost
to Guaranis

Indigenous
Area
Distance

Temperature

Minimal
Temperature
in  Coldest
Month

Surface Cost
to Je-
meridional

Je-
meridional
past
probability
occurrence

Ecotonal
area
between
Mixed and
Dense Forest

Mixed
Forest

Dense Forest

0.03

-0.01

0.02

0.32

-2.02

2.07

-2.12

-1.29

0.57

0.01

0.004

0.001

0.08

0.01

0.71

0.86

0.35

0.33

4.08 <0.01 0.02 0.001 2.933 <0.01

-2.06 <0.05 -0.01 0.01 2.32 <0.05

3.147 <0.01 0.03 0.01 292 <0.01

3.75 <0.01

-2.44 <0.01

291 <0.01

-2.46 <0.05

-3.67 <0.01 -1.43 0.45 -3.15 <0.01

1.76 <0.1 1.20 0.43 2.80 <0.01

Source: author.
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Figure 18 - Size and direction of the effect of variables on the abundance and presence
of C. sylvestris.
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Source: author.



Figure 19 - Modeled effect of variables on the abundance and presence of C.
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Visual analysis of the model by Bonomo and coworkers [25] (Figure

20) shows that the occurrence of C. sylvestris is predominantly inserted in
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the brown belt, an indicative of Guarani routes, while most of the
occurrences outside the brown belt are inserted in the Itajai River Basin.

Figure 20 - Excerpt from the Guaranis route model by Bonomo et al. (2015)
overlapped by the occurrence of C. sylvestris and by the boundary of the Itajai River
basin, Jé-Meridional occupation area.

) 1-20
) 20-40
@ 40-60
® 60-80
@® 80-88
[] Itajai River Basin

- Guarani routes
[0 other areas

Individuals number of CASEARIA SYLVESTRIS

Source: author.

4. Discussion

We identified patterns of increased abundance and presence of the
Casearia sylvestris species in areas correlated with the occupation and
movement of meridional Jé peoples. The processes that can explain such
patterns, especially in relation to the occupation of a landscape by a
cultural group, are those of selection, accumulation, and care, typical of
agroforestry systems [115], which were the main food production systems
from Jé populations [45-47, 28]. Regarding transit, the transplantation of
useful species along routes is already well documented for another Jé
group, the Kayapo people [22]. The maintenance of a medicinal species
with an anti-ophidian potential, for example, such as C. sylvestris, could
be very useful along the movement through paths and trails, justifying
specimen transplants. Management would have favored the species over
others, so that its presence in a culturally constructed niche in the
landscapes occupied by the Jé peoples of the past can be considered as a
legacy in current landscapes.

Regarding the Guarani peoples, both abundance and presence
increase along with the surface cost, that is, there are more individuals of
C. sylvestris in areas of difficult access for the Guarani peoples. However,
visually, the species distribution coincides with the Guaranis route model
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proposed by Bonomo and coworkers [25], which leads us to propose that,
despite being costly, they are areas close to those transited. Some possible
explanations would be:

a) Compartmentalization of the landscape between Meridional-]Jé
and Guarani peoples. The Guarani peoples arrived in the southern region
after the Meridional-Jé groups, and archaeological research indicates that
there were territorial pressures between both groups in different areas,
which resulted in the occupation of Jé territories by Guarani groups
[116,117] when the Jé peoples began to occupy the plateaus more densely
and build monuments delimiting their areas [116]. With the arrival of the
Europeans, there is a Guarani emptying, which allows the Jé peoples to
occupy and reoccupy Guarani paths [37]. Something that favors this
hypothesis is the fact that the Itajai River Basin, highlighted in Figure 6 on
the model by Bonomo and coworkers [25], is the area that contains more
occurrences of C. sylvestris that go beyond the referred model and,
however, archaeological and ethnographic data indicates that this is an
area of Meridional-Jé occupation [106,87].

b) The species would be selected for uses such as construction and
combustion, for which the removal of individuals by cutting is necessary.
However, we only found information on the use of C. sylverstris wood for
the production of artifacts (gyraus and pestle sticks) in the literature on
Meridional-Jé indigenous people [46].

c) They could be hunting areas, close to areas of transit and
occupation where the species could be favored to attract, for example, the
“teitr” lizard, of the Teiidade family, which is currently consumed [118]
and present in the Guarani people archaeological records [119]. The
Guarani peoples usually have “hunting gardens,” located close to
settlements, cultivation areas, and fallow land [120], which corresponds
to our results (areas of costly access but close to paths). In addition, the
use of attractive species for game animals is documented in several
cultures. It could be a use of a pre-existing and attractive species to return
at the time of fruiting, as is the “white ara¢cd” (Myrtaceae) case, a tree with
a significant place in the Laklano-Xokleng culture, which in the fruiting
period fed small animals, which, in turn, attracted larger and more
attractive animals for hunting [28]. Or, it could be intentional planting, as
in the case of the Kayapo people, who build patches of anthropogenic
forests for different purposes, including hunting [22]. The presence of a
species attractive to fauna expands the trophic networks, in order to
increase the availability of animals beyond those that consume their
resource directly [121]. This was confirmed in the subtropical Atlantic
Forest, where evidence of the maintenance of vertebrate fauna was found
due to the presence of Acca sellowiana [121]. This species is traditionally
managed and presents characteristics of incipient domestication, which
indicates a long time of human care and, therefore, its use since the
original peoples. It is an example of niche construction to favor other
species, as we supposed to have occurred with C. sylvestris. The literature
points out that the studied species is of priority medicinal use. However,
here it seems that the use is also indirectly for food if we consider the
popular belief described by Carvalho [33]: “Teits” (lizards of the
Teeidade family) consume “guacatonga” leaves (C. sylvestris) to protect
themselves from the poison of jararacas. Thus, keeping the species in
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hunting areas would guarantee the presence of the largest lizard that
occurs on Brazilian soil, a great source of protein. Reinforcing that, as
already mentioned, both the vernacular “teid” and “guagatonga” have
Guarani origin.

The results partially corroborate our first hypothesis. C. sylvestris is
related to occupancy and the cost of moving Meridional-Jé. Just as it is
related to the cost of Guarani movement, but in an inverse relationship, in
the areas of greater shortness. Furthermore, our results do not indicate a
relationship between the Guarani people occupation and the presence or
abundance of C. sylvestris.

Our second hypothesis refers to the possibility that C. sylvestris is an
indicator of Meridional-Jé and Guarani routes, and our results are
indicating more clearly that the species is a good indicator of Meridional-
Jé routes. However, they also indicate a relationship with Guarani people
movement costs, but they are in higher cost areas, which is consistent with
the model by Bonomo and coworkers [25].

Both the abundance and the presence of the species increase in the
vicinity of Indigenous Areas, indicating a long duration in the relations
between the original peoples and the species in question, which, in turn,
suggests the legacy of maintaining a medicinal species in the landscapes.
This corroborates our third hypothesis.

Analyzing the phytogeographic division, an abrupt reduction of the
species in the Mixed Ombrophylous Forest (MOF) area is also observed
in the ecotonal area between the Dense Ombrophylous Forest and the
mixed forest. It is widely known that the MOF has well-defined
environmental filters, such as severe winter and occurrence of frost. Here,
we identified that lower minimum temperatures, as well as low
seasonality, do not favor the occurrence of C. sylvestris. But the absence of
Indigenous Lands throughout the South and Central portion of the MOF
draws attention, since it is an area with a high probability of Meridional-
Jé [24] occurrence and that presents archaeological monuments, an
indicative of the complex social structure of these peoples [122,123,116].
In this phytogeographical region, indigenous people were added to the
workforce of large farms or decimated/hunted by bugreiros [107].

There is a global pattern of biodiversity reduction accompanying the
reduction of languages (cultures) [124]. Considering that humans change
ecosystems in order to increase or build niches for themselves, and do that
based on cultural decisions, the way of life continuity of indigenous
peoples and traditional peoples and communities is fundamental for
biological diversity conservation. Clement [125] documented the
reduction of domesticated species in the Amazon after 1492, due to the
reduction of indigenous populations. For southern Brazil, new
publications have demonstrated the importance of traditional use for
conservation, including in the face of climate change [87,126,127], which
leads us to reinforce that to avoid the reduction of species it is necessary
to guarantee the transmission and valorization of traditional knowledge.
Even though it is a widely distributed species, our results indicate that
where Amerindian peoples passed and occupied there are concentrations
of C. sylvestris. And, The Indigenous Lands had a positive effect on both
the abundance and presence of C. sylvestris, suggesting that this pattern
likely results from millennia of stewardship by the original populations.
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With this, we reinforce the importance of favoring the living conditions of
social reproduction of indigenous peoples.

For the Amazon Forest, the Deforestation Alert System has been
showing that deforestation in Indigenous Lands is much lower compared
to private and possession areas, and between June 2022 and 2023, this
comparison is 2% against 72%, respectively [128]. In the Atlantic Forest,
what is documented is the difficulty in managing the overlap between
Indigenous Lands and other protected areas [129,130]. An example of this
challenge in Santa Catarina occurs within the Area of Relevant Ecological
Interest (ARIE), which coincides with the Laklafio territory [131].
Therefore, it is important to expand the dialogue on the long history of co-
construction of the Atlantic Forest with human beings. Our results
support that there is a relationship between the abundance and presence
of a species with human actions, even if they do not show a direct
association, and we worked with data from different temporalities. These
results are consistent with what has already been demonstrated for other
species of the subtropical Atlantic Forest [24,132,38]. Assuming that the
Atlantic Forest (and any other biome) has been occupied for thousands of
years, and that areas previously considered pristine are actually mature
forests, it is fundamental for resolving conflicts on the human presence in
conservation areas [133].This is because the “pristine” concept refers to
untouched areas, inappropriate considering recent ecological discoveries
and the postulates of Historical Ecology and disregarding the presence of
original peoples. Our results point to the impact of past and recent
Amerindian presence.

5. Conclusions

e Casearia sylvestris likely represents a legacy of precolonial
Amerindian populations. In addition to the results of our
models pointing out abundance and presence relationships
with Guarani groups and abundance with Jé-meridional, we
reinforce that the folk names attributed to the species refer to
indigenous people, e.g. ‘Cha de bugre’ Tea of bugre ("bugre’
is a pejorative way of referring to indigenous people from
Southern Brazil); ‘guacatonga”, word of Guarani origin; ‘pau
de lagarto’ lizard wood, referring to a lizard that is a species
significant in Guarani food culture. C. sylvestris is a probable
marker of Meridional-Jé occupation and movement. Our
results show a strong relationship between the increased
abundance of species in areas correlated with the occupation
and movement of meridional-Jé peoples.

e There are indications that C. sylvestris is a marker of the
Guarani people movement. The presence is correlated with
the Bonomo and collaborators model (2015), and our models
indicate that there is a strong relation between Guarani
routes (indicated as surface cost) above abundance and the
presence of the C. sylvestris. However, the pattern observed
may result from occupation by the Meridional-Jé before or
after the arrival of Europeans, which significantly reduced
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their population, thus opening up space for Meridional-]Jé
occupation and re-occupation.

e The pattern observed for Guarani peoples may still indicate
hunting areas, as the species favors a lizard consumed by the
Guarani peoples. However, this supposed favoritism is
based on oral tradition and lacks scientific investigation.

e The Indigenous Lands had a positive effect on both the
abundance and the presence of C. sylvestris, a pattern that
probably reflects care actions built over millennia by the
original populations.
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4 CONSIDERAGOES FINAIS

Concluo que os processos de Construgcao Cultural de Nicho praticados por
povos Amerindios na Mata Atlantica Subtropical, desde pelo menos 10.000 anos
atras, tém legados visiveis na composicdo de espécies das formagdes florestais
recentes. Esses legados sao espécies florestais que tem sua presenca e abundancia
relacionadas com a ocupacao de Jé-meridional e Guarani desde antes da invasao
européia. Ha espécies assinatura de um grupo cultural, tais como Araucaria
angustifolia e llex paraguariensis para os Jé-meridionais, e ha espécies
compartilhadas pelos dois grupos, como as palmeiras Syagrus romanzoffiana e
Euterpe edulis. A Casearia sylvestris, que inicialmente foi associada com grupos
Guaranis, em uma investigagdo mais profunda apresentou relagcbes com ambos
grupos culturais. As espécies descritas nesta tese sdo importantes atualmente,
especialmente em usos alimenticios e medicinais. Pode se dizer que nossos
antepassados deixaram verdadeiros tesouros para nds e para seus parentes mais
proximos.

Ao incluir as Terras Indigenas atuais, foi possivel notar que a manutengao de
uma espécie mundialmente reconhecida pelo seu valor medicinal, Casearia sylvestris,
esta relacionada também com esses locais marcando possiveis caminhos de
circulacdo de povos Amerindios, como os Jé-meridional e os Guarani. E importante
que acdes de conservacdo considerem o protagonismo dos povos indigenas e de
seus conhecimentos, e que seja considerada a referéncia temporal quanto a
cobertura original da Mata Atlantica.

As praticas culturais de manejo da paisagem e de populacdes de arboreas
Uteis por populagdes Amerindias resultaram em modificacées de nicho tao profundas
que ainda podem ser identificadas nas paisagens recentes. Isso € surpreendente
considerando que a pesquisa foi realizada com dados de diferentes camadas
temporais e também devido as intensas modificagdes que a Mata Atlantica Subtropical
vem sofrendo nas ultimas décadas.

Na presente tese ha parte da historia de nossos antepassados e das paisagens
em que estiveram entrelagados, traduzidas de marcas da paisagem para a linguagem
escrita. Este entrelagcamento, reforca a pertinéncia e relevancia do exercicio para
desconstrugcdo da problematica visao dicotdmica entre cultura e natureza. Assim,
reforgo: as florestas da Mata Atlantica Subtropical, como outras, foram co-construidas
com a forca de transformagcdo humana (com diferencas culturais), de outros
organismos e de outras forgas naturais.

Por fim, destaco grandes desafios para a inclusdo da Ecologia Histérica nas
politicas ambientais, que sdo: a desconstrucdo do discurso corrente para permitir a
assimilagcdo da importancia da diversidade cultural para a diversidade biologica; e
ap6s, como prevenir que os conceitos da Ecologia Histérica sejam utilizados para
justificar atividades de degradacao.

O discurso corrente, citado no paragrafo acima, assume a ocorréncia de areas
pristinas em locais que ja foram ocupados desde milénios atras. Esta fortemente
enraizado e foi criado a partir dos interesses coloniais, nos quais a histéria indigena
nao tinha relevancia para o desenvolvimento que a coroa portuguesa almejava para o
Brasil. Apesar de ser de amplo conhecimento que as terras da Mata Atlantica
Subtropical ja eram ocupadas por povos indigenas, nao se associa essa informagao
de modo a questionar o conceito de areas pristinas e o impacto antrépico. O forte
enraizamento do conceito tradicional acaba por “sabotar” uma conclusao légica: os



85

povos indigenas ja ocupavam e contribuiram para construir essas paisagens, que
logo, ndo sdo pristinas. E ndo tdo légico, mas de compreensao necessaria, que em
areas florestadas manejadas pelos povos indigenas a presenca deles e de suas
praticas fazem parte da continuidade dessas paisagens, bem como seus
conhecimentos milenares transmitidos ao longo de geragdes sobre o ambiente.

Dado o passo de compreender que a Mata Atlantica subtropical nao é
um ambiente pristino e que assim, humanos sao parte de tal ecossistema, se assume
um grande desafio. Que grupos humanos podem ser aliados da conservacgéao biologica
e da manutencao da diversidade cultural? A interpretagao precisa ser cautelosa, para
que o argumento de que humanos sao parte das forgas que moldaram as florestas
nao seja utilizado de modo a justificar novos impactos sobre a Mata Atlantica
Subtropical.

Por fim, sugiro a continuidade de estudos envolvendo as 29 espécies
aqui descritas para o avango do conhecimento da Ecologia Historica da Mata Atlantica
Subtropical, especialmente da relagdo entre a Casearia sylvestris e lagartos da
Familia Teiidae.
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4.1 S4 - REDUNDANCY ANALYSIS (RDA)
library(vegan)

## Loading required package: permute
## Loading required package: lattice
## This is vegan 2.5-3

library(RColorBrewer)
library(plyr)

sp <- read.table("S4 sps.csv", header=TRUE, sep=",", dec=".")
sp<-sp[,-1]

#sp<-as.data.frame(sp)

#row.names (sp)=as.character(sp[,1])

#sp<-as.matrix(sp)

co_occ<-read.table ("S4 cult.csv",header=TRUE, sep=",", dec=".")
co_occ<-co_occ[,-1]

#co_occ<-as.data.frame(co_occ)

#row.names (co_occ)=as.character(co_occ[,1])
#co_occ<-as.matrix(co_occ)

#removing rares

sp<-sp[,colSums(sp)>=30]

dim(sp[,colSums(decostand(sp, method="pa"))>=5])

## [1] 417 327

#Hellinger transformation of species matrix
sp_hel<-decostand(sp, method= "'hellinger')

ord_sp<-rda(sp_hel~jes+guaranis, data=co_occ)
summary(ord_sp)

H##

## Call:

## rda(formula = sp_hel ~ jes + guaranis, data = co_occ)
#HH#

## Partitioning of variance:

Hit Inertia Proportion

## Total 0.80510 1.00000
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2

## Eigenvalue
6

## Proportion
0

## Cumulative
6

H#it

7

## Eigenvalue
3

## Proportion
1

## Cumulative
1

H#it

2

## Eigenvalue
7

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

.007010

.622903

PC32

.004988

.006196

.655433

PC37

.004350

.005404

.683528

PC43

.003781

.004697

.713535

PC48

.003444

.004278

.735784

PC53

.003109

.003862

.755748

PC58

.002807

.006790

.629693

PC33

.004775

.005931

.661364

PC38

.004313

.005357

.688885

PC44

.003722

.004623

.718158

PC49

.003375

.004193

.739977

PC54

.003066

.003809

.759557

PC59

.002789

95

.006656 0.006529 0.00635

.636349 0.642878 0.64923

PC34 PC35 PC3

.004614 0.004490 0.00439

.005731 0.005576 0.00545

.667095 0.672672 0.67812

PC39 PC40 PC41

.00417 0.003993 0.003966

.00518 0.004960 0.004926

.69407 0.699025 0.703951

PC45 PC46 PC4

.003642 0.003574 0.00353

.004524 0.004439 0.00438

.722682 0.727120 0.73150

PC50 PC51 PC5

.003242 0.003191 0.00315

.004026 0.003963 0.00392

.744003 0.747966 0.75188

PC55 PC56 PC5

.003009 0.002983 0.00288

.003737 0.003706 0.00358

.763294 0.766999 0.77058

PC60 PC61l PC6

.002742 0.002711 0.00262



H##

H##

H##

H##

H##

H##

HH#

HH#

HH#

HH#

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

H##

Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

.003486

.774067

PC63

.002555

.003173

.790741

PC68

.002367

.002940

. 806000

PC73

.002208

.002743

.820126

PC78

.002050

.002546

.833226

PC83

.001926

.002392

.845417

PC88

.001755

.002180

.003464

.777532

PC64

.002534

.003147

.793888

PC69

.002351

.002920

.808920

PC74

.002167

.002692

.822818

PC79

.002018

.002507

.835732

PC84

.001858

.002307

.847724

PC89

.001722

.002139

.003406

.780938

PC65

.002526

.003137

.797025

PC70

.002324

.002887

.811807

PC75

.002135

.002652

.825470

PC80

.001969

.002445

.838178

PC85

.001826

.002268

.849992

PC90

.001707

.002120

.003368

.784306

PC66

.002453

.003046

. 800071

PC71

.002274

.002824

.814631

PC76

.002120

.002634

.828103

PC81

.001958

.002432

. 840609

PC86

.001786

.002218

.852210

PC91

.001676

.002082

96

.00326

.78756

PC6

.00240

.00298

.80305

PC7

.00221

.00275

.81738

PC7

.00207

.00257

.83068

PC8

.00194

.00241

.84302

PC8

.00175

.00218

.85439

PC9

.00164

.00204



1
##
8
##
7
##
2
##
1
##
7
##
2
##
2
##
4
##
3
##
7
##
8
##
7
##
3
##
2
##
7
##
7
##
2
##
7
##
6
##
3
##
0
##

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

Eigenvalue
Proportion

Cumulative

PC123

H##

Eigenvalue

0.001065

H#H#

Proportion

0.001323

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

.856575

PC93

.001595

.001981

.866939

PC98

.001486

.001846

.876482

PC103

.001379

.001713

.885346

PC108

.001312

.001630

.893693

PC113

.001221

.001516

.901468

PC118

.001137

.001412

.858714

PCo94

.001572

.001952

.868891

PC99

.001465

.001820

.878302

PCl104

.001376

.001709

.887055

PC109

.001281

.001591

.895284

PC114

.001202

.001493

.902960

PC119

.001113

.001382

.860834

PC95

.001560

.001938

.870829

PC100

.001455

.001807

. 880109

PC105

.001360

.001689

. 888744

PC110

.001267

.001574

.896858

PC115

.001186

.001473

.904433

PC120

.001104

.001371

.862917

PC96

.001544

.001917

.872746

PCl01

.001425

.001770

.881880

PC106

.001355

.001682

.890426

PC111

.001254

.001557

.898415

PC116

.001162

.001443

.905877

PC121

.001085

.001348

97

. 86495

PC9

.00152

.00189

.87463

PC10

.00141

.00175

.88363

PC10

.00131

.00163

.89206

PC11

.00123

.00153

.89995

PC11

.00114

.00142

.90730

PC122

.00107

.00133



## Cumulative
0.915465

H#it

28

## Eigenvalue
93

## Proportion
33

## Cumulative
79

H#it

PC133

## Eigenvalue
09251

## Proportion
11490

## Cumulative
77095

H#it

PC138

## Eigenvalue
008701

## Proportion
010807

## Cumulative
332105

H#it

Cc143

## Eigenvalue
8118

## Proportion
0083

## Cumulative
3989

H#it

PC148

## Eigenvalue
007547

## Proportion
009374

## Cumulative
432036

H#it

PC153

## Eigenvalue
07172

## Proportion
08908

## Cumulative

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

.908712 0.910094 0.911465 0.

PC124

.001037 0.001031 0.001025 0.

.001288 0.001281 0.001273 0.

.916753 0.918034 0.919307 0.

PC129

.0009803

.0012177

.9229969

PC134

.0008992

.0011168

.9288263

PC139

.0008577

.0010653

.9342758

PC144

.0007980

.0009912

.9393901

PC149

.0007475

.0009284

.9441320

0.000969 0.0009588

.001204 0.0011910

.924200 0.9253914

PC125 PC126 PC127

PC130 PC131 PC132

PC135 PC136 PC137

.0008943 0.0008856 0.0008797

.0011107 0.0011000 0.0010927

.9299370 0.9310371 0.9321298

PC140 PC141 PC142

.000848 0.0008377 0.000822 0.

.001053 0.0010404 0.001021 0.

.935329 0.9363696 0.937391 0.

PC145 PC146 PC147

.0007793 0.0007711 0.0007652

.0009679 0.0009577 0.0009504

.9403581 0.9413158 0.9422662

PC150 PC151 PC152

98

912813 0.91414

PC1

0009974 0.0009

0012388 0.0012

9205458 0.9217

0.0009412 0.00

0.0011691 0.00

0.9265604 0.92

0.0

0.0

0.9

000

001

938

0.0

0.0

0.9

.000744 0.0007360 0.0007226 0.00

.000924 0.0009142 0.0008975 0.00

.945056 0.9459702 0.9468677 0.94



77585

H#it

PC158

## Eigenvalue
006626

## Proportion
008230

## Cumulative
519900

H#it

PC163

## Eigenvalue
006201

## Proportion
007702

## Cumulative
559336

H#it

PC168

## Eigenvalue
005870

## Proportion
007291

## Cumulative
596655

H#it

PC173

## Eigenvalue
005428

## Proportion
006742

## Cumulative
631559

H#it

PC178

## Eigenvalue
005111

## Proportion
006348

## Cumulative
663926

H#it

PC183

## Eigenvalue
004775

## Proportion
005931

## Cumulative
694434

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

(]

PC154

.0006997

.0008691

.9486276

PC159

.0006577

.0008169

.9528068

PC164

.0006174

.0007669

.9567005

PC169

.0005809

.0007215

.9603870

PC174

.0005343

.0006637

.9638196

PC179

.0005009

.0006222

.9670148

PC155

.0006864

.0008526

.9494802

PC160

.0006376

.0007920

.9535989

PC165

.0006047

.0007511

.9574516

PC170

.0005705

.0007087

.9610957

PC175

.0005269

.0006545

.9644741

PC180

.0004997

.0006207

.9676355

PC156

.0006828

.0008481

.9503283

PCl61

.0006310

.0007838

.9543826

PC166

.0006014

.0007470

.9581985

PC171

.0005616

.0006975

.9617932

PC176

.0005209

.0006470

.9651211

PC181

.0004898

.0006083

.9682438

PC157

.0006752

.0008387

.9511670

PC162

.0006286

.0007808

.9551634

PC167

.0005941

.0007379

.9589364

PC172

.0005543

.0006885

.9624817

PC177

.0005126

.0006367

.9657578

PC182

.0004883

.0006065

.9688503

99



H#it

PC188

## Eigenvalue
004413

## Proportion
005482

## Cumulative
722569

H#it

PC193

## Eigenvalue
004116

## Proportion
005112

## Cumulative
748843

H#it

PC198

## Eigenvalue
003806

## Proportion
004727

## Cumulative
773226

H#it

PC203

## Eigenvalue
003552

## Proportion
004412

## Cumulative
795984

H#it

PC208

## Eigenvalue
003340

## Proportion
004149

## Cumulative
817348

H#it

PC213

## Eigenvalue
003058

## Proportion
003798

## Cumulative
836866

H#it

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

PC184

.0004638

.0005761

.9700195

PC189

.0004310

.0005354

.9727922

PC194

.0004027

.0005002

.9753844

PC199

.0003762

.0004673

.9777899

PC204

.0003499

.0004346

.9800330

PC209

.0003260

.0004049

.9821396

PC214

PC185

.0004586

.0005696

.9705890

PC190

.0004274

.0005308

.9733231

PC195

.0003981

.0004945

.9758789

PC200

.0003712

.0004610

.9782509

PC205

.0003484

.0004328

.9804658

PC210

.0003155

.0003919

.9825315

PC215

PC186

.0004546

.0005646

.9711536

PC191

.0004244

.0005272

.9738502

PC196

.0003917

.0004865

.9763654

PC201

.0003667

.0004555

.9787064

PC206

.0003452

.0004287

.9808946

PC211

.0003138

.0003897

.9829213

PC216

PC187

.0004469

.0005550

.9717087

PC192

.0004210

.0005229

.9743731

PC197

.0003901

.0004845

.9768499

PC202

.0003630

.0004509

.9791573

PC207

.0003424

.0004253

.9813198

PC212

.0003104

.0003855

.9833068

PC217

100



PC218

## Eigenvalue
002838

## Proportion
003525

## Cumulative
855057

H#it

PC223

## Eigenvalue
002584

## Proportion
003209

## Cumulative
871709

H#it

PC228

## Eigenvalue
002318

## Proportion
002879

## Cumulative
886726

H#it

PC233

## Eigenvalue
002102

## Proportion
002611

## Cumulative
900418

H#it

PC238

## Eigenvalue
001952

## Proportion
002425

## Cumulative
912880

H#it

PC243

## Eigenvalue
001749

## Proportion
002172

## Cumulative
924215

#it

PC248

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

.0003029

.0003762

.9840629

PC219

.0002813

.0003494

.9858551

PC224

.0002522

.0003132

.9874841

PC229

.0002278

.0002830

.9889556

PC234

.0002062

.0002561

.9902979

PC239

.0001892

.0002350

.9915230

PC244

.0002985

.0003708

.9844336

PC220

.0002700

.0003354

.9861905

PC225

.0002450

.0003043

.9877884

PC230

.0002235

.0002776

.9892332

PC235

.0002031

.0002523

.9905502

PC240

.0001881

.0002336

.9917566

PC245

.0002918

.0003624

.9847961

PC221

.0002676

.0003324

.9865229

PC226

.0002435

.0003024

.9880908

PC231

.0002225

.0002764

.9895096

PC236

.0002006

.0002492

.990799%4

PC241

.0001813

.0002252

.9919817

PC246

.0002876

.0003572

.9851533

PC222

.0002633

.0003271

.9868499

PC227

.0002366

.0002939

.9883847

PC232

.0002183

.0002712

.9897807

PC237

.0001982

.0002461

.9910455

PC242

.0001792

.0002225

.9922043

PC247

101



## Eigenvalue
001614

## Proportion
002005

## Cumulative
934501

Hit

PC253

## Eigenvalue
01438

## Proportion
01786

## Cumulative
43816

H#it

PC258

## Eigenvalue
001279

## Proportion
001589

## Cumulative
952267

H#it

PC263

## Eigenvalue
001158

## Proportion
001439

## Cumulative
959783

H#it

PC268

## Eigenvalue
00103

## Proportion
00128

## Cumulative
96647

H#it

PC273

## Eigenvalue
000918

## Proportion
001140

## Cumulative
972400

H#it

PC278

## Eigenvalue

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

.0001740

.0002162

.9926377

PC249

.0001566

.0001945

.9936446

PC254

.0001427

.0001773

.9945589

PC259

.0001253

.0001556

.9953823

PC264

.0001123

.0001395

.9961179

PC269

.899e-05

.229%e-04

.968e-01

PC274

.838e-05

PC250

PC255

.0001393

.0001731

.9947319

PC260

.0001230

.0001527

.9955350

PC265

.0001102

.0001369

.9962547

PC270

.768e-05

.213e-04

.969e-01

PC275

.641e-05

PC251

PC256

.0001373

.0001706

.9949025

PC261

.0001209

.0001502

.9956852

PC266

.0001071

.0001330

.9963877

PC271

.631e-05

.196e-04

.970e-01

PC276

.342e-05

102

.0001669 0.0001633 0.0001624 0.0

.0002073 0.0002029 0.0002017 0.0

.9928450 0.9930479 0.9932496 0.9

PC252

.000153 0.0001506 0.0001460 0.00

.000190 0.0001871 0.0001814 0.00

.993835 0.9940217 0.9942030 0.99

PC257

.0001331 0.0

.0001653 0.0

.9950679 0.9

PC262

.0001201 0.0

.0001492 0.9

.9958344 0.9

PC267

.0001057 0.0

.0001313 0.0

.9965190 0.9

PC272

.263e-05 0.0

.151e-04 0.0

.971e-01 0.9

PC277

.040e-05 7.6



46e-05

## Proportion
97e-05

## Cumulative
78e-01

H#it

PC283

## Eigenvalue
0le-05

## Proportion
23e-05

## Cumulative
82e-01

H#it

PC288

## Eigenvalue
39e-05

## Proportion
76e-05

## Cumulative
86e-01

H#it

PC293

## Eigenvalue
47e-05

## Proportion
21e-05

## Cumulative
89e-01

H#it

PC298

## Eigenvalue
60e-05

## Proportion
42e-05

## Cumulative
92e-01

H#it

PC303

## Eigenvalue
13e-05

## Proportion
39e-05

## Cumulative
94e-01

H#it

PC308

## Eigenvalue
22e-05

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

=

.098e-04

.973e-01

PC279

.588e-05

.424e-05

.978e-01

PC284

.609e-05

.209e-05

.983e-01

PC289

.737e-05

.125e-05

.987e-01

PC294

.613e-05

.729e-05

.990e-01

PC299

.944e-05

.899e-05

.992e-01

PC304

.250e-05

.073e-04

.975e-01

PC280

.362e-05

.145e-05

.979%e-01

PC285

.493e-05

.065e-05

.984e-01

PC290

.505e-05

.838e-05

.987e-01

PC295

.590e-05

.701e-05

.990e-01

PC300

.758e-05

.667e-05

.993e-01

PC305

.059e-05

.036e-04

.976e-01

PC281

.945e-05

.626e-05

.980e-01

PC286

.293e-05

.816e-05

.984e-01

PC291

.451e-05

.770e-05

.988e-01

PC296

.529e-05

.625e-05

.991e-01

PC301

.563e-05

.425e-05

.993e-01

PC306

.984e-05

.986e-05

.977e-01

PC282

.901e-05

.572e-05

.981e-01

PC287

.098e-05

.574e-05

.985e-01

PC292

.083e-05

.314e-05

.989%e-01

PC297

.179e-05

.190e-05

.991e-01

PC302

.545e-05

.404e-05

.994e-01

PC307

.831e-05

103



## Proportion
82e-05

## Cumulative
96e-01

H#it

PC313

## Eigenvalue
79e-05

## Proportion
06e-05

## Cumulative
98e-01

H#it

PC318

## Eigenvalue
38e-05

## Proportion
10e-05

## Cumulative
99e-01

H#it

PC323

## Eigenvalue
31le-06

## Proportion
59e-05

## Cumulative
99e-01

H#it

PC328

## Eigenvalue
64e-06

## Proportion
56e-06

## Cumulative
00e+00

H#it
H#it
H#it
H#it
H#it
H#it
H#it
H#it
H#it
H#it
H#it
#it
H#it

Eigenvalue
Proportion
Cumulative

Eigenvalue

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained

Proportion

Explained
Proportion

5.
6.
1.

Accumulated constrained
Importance of components:

.036e-05

.995e-01

PC309

.661e-05

.305e-05

.996e-01

PC314

.042e-05

.537e-05

.998e-01

PC319

.373e-05

.706e-05

.999%e-01

PC324

.155e-06

.137e-05

.000e+00

PC329
084e-06
315e-06
000e+00

4.
5.
1.

.800e-05

.995e-01

PC310

.596e-05

.225e-05

.997e-01

PC315

.023e-05

.513e-05

.998e-01

PC320

.319e-05

.638e-05

.999%e-01

PC325

.565e-06

.064e-05

.000e+00

PC330
488e-06
574e-06
000e+00

eigenvalues

RDA1

RDA2
0.04174 0.0141

Proportion Explained ©.74745 0.2526
Cumulative Proportion 0.74745 1.0000

Scaling 2 for species and site scores

.706e-05

.995e-01

PC311

.468e-05

.065e-05

.997e-01

PC316

.833e-05

.277e-05

.998e-01

PC321

.236e-05

.535e-05

.999%e-01

PC326

.485e-06

.296e-06

.000e+00

.516e-05

.996e-01

PC312

.289%e-05

.843e-05

.997e-01

PC317

.707e-05

.120e-05

.998e-01

PC322

.151e-05

.429e-05

.999%e-01

PC327

.718e-06

.345e-06

.000e+00

3.
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## * Species are scaled proportional to eigenvalues
## * Sites are unscaled: weighted dispersion equal on all dimensions
## * General scaling constant of scores:

H##
H##

## Species scores

it

##

PC4

## spl

31le-03

## sp2

75e-03

## sp4

38e-02

## sp7

23e-03

## spll
02e-02

## spl3
83e-03

## spl5
02e-02

## splé
95e-03

## spl7
74e-02

## splo
71e-02

## sp20
90e-02

## sp22
85e-03

## sp23
64e-02

## sp24
70e-03

## sp25
65e-01

## sp26
36e-03

## sp28
53e-03

## sp29
66e-03

## sp31
57e-02

## sp33
68e-02

RDA1

.025e-02

.051e-02

.528e-02

.604e-03

.508e-02

.627e-03

.528e-02

.129e-02

.453e-01

.967e-02

.821e-02

.851e-03

.980e-02

.189%e-02

.780e-02

.737e-02

.412e-02

.808e-02

.207e-02

.320e-02

RDA2

.786e-02 0.

.074e-02 0.

.730e-02 -0.

.420e-03 0.

.038e-03 0.

.742e-02 -0.

.340e-04 0.

.263e-03 0.

.985e-02 0.

.442e-02 -0.

.779%e-02 -0.

.958e-02 -0.

.543e-02 -0.

.552e-02 0.

.116e-02 0.

.678e-02 0.

.366e-02 Q.

.779%e-02 0.

.328e-03 0.

.359%e-02 -0

PC1

0318724

0116996

0244339

0185763

0269599

0670165

0247689

0400256

2412503

1512706

0073556

0290667

0544779

0249836

3629940

0311285

0146115

0787695

0248717

.0187736

4.277954

PC2

.0133461

.0097070

.0305999

.0094973

.0171769

.0435151

.0311814

.0479771

.1901762

.0385280

.0253069

.0007131

.0040329

.0189037

.2976265

.0009201

.0042701

.0361570

.0185552

.0328763

PC3

.0117160

.0633444

.0033929

.0075971

.0301715

.0169792

.0305853

.0239607

.0196478

.0335380

.0073175

.0014881

.0127867

.0091398

.1942585

.0229910

.0152538

.0322121

.0158212

.0236978
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## sp35
53e-04
## sp36
34e-02
## sp37
07e-03
## sp38
88e-02
## sp39
37e-02
## spdl
49e-02
## sp43
6le-02
## sp4a5
79e-03
## sp46
04e-03
## spd7
10e-03
## sp49
36e-03
## sp57
59e-02
## sp60
48e-02
## sp62
92e-03
## sp63
84e-03
## sp64
45e-02
## sp65
62e-02
## sp66
1le-02
## sp69
52e-02
## sp70
83e-02
## sp72
90e-03
## sp76
17e-02
## sp77
65e-02
## sp82
62e-03
## sp83

.276e-02

.384e-02

.091e-02

.901e-02

.561e-02

.669e-01

.788e-02

.182e-04

.932e-04

.450e-03

.617e-03

.730e-03

.523e-03

.635e-02

.363e-03

.225e-02

.495e-02

.728e-02

.729e-02

.609e-02

.038e-02

.791e-02

.028e-01

.721e-02

.609e-02

.810e-03

.962e-02

.889%e-02

.719%e-02

.288e-02

.375e-01

.955e-02

.596e-03

.308e-03

.723e-02

.374e-02

.198e-03

.989%e-02

.631e-03

.012e-03

.059e-02

.269e-03

.884e-02

.686e-03

.460e-03

.826e-03

.108e-03

.260e-02

.106e-02

.450e-03

.0170668

.0783674

.1114898

.0217904

.0612757

.0250046

.0405300

.0158896

.0028659

.0217930

.0265128

.0081118

.1164099

.0593510

.0140806

.1426126

.0481994

.0049747

.0172671

.0293968

.0266287

.1264702

.0553714

.0057693

.0413694

.0113177

.0769085

.0540353

.0056147

.0210812

.2916993

.1197945

.0135266

.0153982

.0203840

.0028514

.0116638

.0569840

.0043131

.0090981

.1602118

.0325261

.0380433

.0095026

.0225702

.0208168

.0400893

.1798984

.0488570

.0455127

.0001176

.0794413

.0141182

.0335332

.0153257

.2750219

.0006800

.0017207

.0045318

.0023596

.0066874

.0061271

.0187499

.0055058

.0027698

.0764251

.0071227

.0574828

.0277506

.0430999

.0158767

.0272424

.0521137

.0225347

.0064190

9.
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67e-03
## sp85
42e-02
## sp89
28e-02
## spoo
47e-03
## sp9l
16e-03
## sp92
87e-03
## sp94
04e-02
## sp99
67e-03
## splol
96e-03
## sple2
49e-02
## sploed
1le-02
## sple5
88e-02
## sple7
47e-03
## spli3
28e-02
## splis
68e-03
## spl20
1le-02
## spl2l
12e-02
## spl22
38e-02
## spl23
09e-02
## spl24
21e-02
## spl25
36e-02
## spl26
57e-02
## spl27
02e-02
## spl30
75e-02
## spl32
62e-03

.227e-02

.965e-02

.932e-03

.977e-02

.248e-03

.236e-02

.975e-02

.191e-02

.348e-01

.393e-01

.551e-03

.039e-03

.036e-03

.214e-03

.738e-02

.378e-02

.050e-03

.452e-02

.957e-02

.655e-03

.643e-02

.668e-04

.332e-04

.787e-03

.385e-02

.166e-02

.978e-03

.000e-03

.685e-03

.031e-04

.310e-02

.817e-03

.702e-02

.117e-02

.394e-02

.581e-02

.450e-03

.828e-03

.605e-02

.879e-03

.004e-02

.040e-03

.107e-02

.892e-03

.247e-02

.728e-03

.624e-02

.485e-03

.0313702

.0171872

.0138726

.0088771

.0408678

.1112302

.0452705

.0089492

.0363772

.0692347

.0966281

.0501987

.0198669

.0156947

.0995187

.0127186

.1054441

.0248230

.0420502

.0165059

.0047061

.0485549

.0240602

.0125005

.0195240

.0077389

.0070024

.0047195

.0131092

.0218747

.0730167

.0093338

.1717310

.0573388

.1268474

.0155727

.0132858

.0080517

.0743455

.0190530

.0677863

.0295989

.1302887

.0095291

.1466355

.0402553

.0225387

.0063589

-0

-0

9.

.0320483

.0202890

0037843

.0051569

.0076911

.0019195

.0497297

.0449460

.0039252

.0994526

.1157904

.0067248

.0013440

.0051949

.0295624

.0096014

.0259340

.0059514

.1167005

.0014111

.0427996

.0348878

.0163459

.0058270
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## spl35
57e-02
## spl38
90e-03
## spl39
19e-02
## spld3
03e-01
## spld4d
67e-02
## spl4s
04e-02
## spl4o
96e-02
## spl52
17e-04
## spl54
64e-03
## spl55
51le-03
## spl57
96e-02
## spl58
36e-02
## spl59
55e-05
## spleo
60e-03
## spleéel
92e-02
## sple2
68e-02
## spl63
17e-04
## sple7
58e-03
## spl70
17e-02
## spl71
45e-02
## spl72
27e-03
## spl73
34e-02
## spl75
12e-03
## spl77
20e-02
## spl78

-2.

2.

1

377e-02

824e-02

.427e-02

.425e-02

.241e-02

.336e-02

.179e-02

.362e-02

.924e-03

.330e-02

.611e-02

.512e-02

.098e-03

.823e-03

.777e-02

.260e-02

.641e-03

.147e-04

.349e-02

.557e-02

.734e-02

.662e-02

.110e-03

.387e-02

.248e-02

.490e-03

.107e-02

.756e-02

.417e-02

.627e-03

.013e-02

.170e-03

.027e-03

.554e-02

.043e-02

.328e-03

.077e-02

.621e-03

.465e-03

.906e-03

.497e-03

.720e-04

.937e-03

.503e-02

.658e-02

.698e-03

.200e-01

.065e-04

.061e-03

.018e-02

.0055580

.0006887

.0144559

.0943978

.0112758

.0232400

.0435566

.0527197

.0926772

.0240991

.0037769

.0697893

.0243325

.0340060

.0180337

.0590830

.0172189

.0114451

.0565526

.1148618

.0044496

.2604359

.0038201

.0454185

.0725007

.0101066

.0077027

.0136940

.2690425

.0155303

.0264962

.0221866

.0430844

.0234283

.0168994

.0152821

.0352337

.0045090

.0034619

.0112134

.0133914

.0135983

.0116773

.0398424

.0647487

.0006063

.1148390

.0041224

.0061442

.0556894

.0374071

.0231884

.0547812

.0038582

.0015838

.0152972

.0120155

.0122194

.0097919

.0113556

.0071524

.0239888

.0095613

.0196061

.0828559

.0068106

.0049388

.0757502

.0086321

.0125009

.0845442

.0027517

.0003440

.0276696
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21e-02

## spl81 -1.

73e-01

## sploo -3.

94e-02
## splol
35e-03
## spl97
16e-03
## spl9o8
98e-03
## spl99
02e-02
## sp200
39e-01
## sp203
57e-02
## sp204
91e-02
## sp205
24e-03
## sp207
00e-03
## sp211
32e-02
## sp215
21e-02
## sp219
19e-02
## sp225
6le-03
## sp227
54e-02
## sp231
42e-03
## sp236
1le-03
## sp237
25e-02
## sp239
38e-02
## sp244
70e-02
## sp254
34e-02
## sp257
51le-03
## sp259
14e-02

2

-1.

-8.

1.

043e-01

138e-03

.309e-02

.913e-02

.127e-02

.057e-03

.968e-01

.616e-02

.926e-02

.497e-02

.774e-03

.022e-02

.968e-03

.071e-03

.954e-02

.335e-02

.163e-03

.927e-03

.586e-02

611e-02

388e-03

080e-02

.356e-02

.047e-03

.165e-02

.128e-02

.549e-03

.995e-03

.104e-03

.778e-03

.837e-02

.127e-02

.257e-02

.288e-03

.156e-03

.353e-02

.832e-03

.058e-03

.031e-03

.300e-03

.920e-03

.139e-03

.738e-05

.873e-04

.448e-03

.496e-03

.019%e-02

.203e-03

Q.

Q.

9.

-0

-0

.2533468

.0427738

.0395263

.0079389

.0141098

.0890363

.1761923

.0321722

.0256982

.0499476

.0083610

.0290848

.0114049

.0248603

.0273453

.0084736

.0146535

.0191949

.0093931

0260091

0089235

0007279

.0136654

.0210097

-0.

.1214876

.0143858

.0201505

.0110264

.0038609

.0411820

.4772360

.0459800

.1061739

.0250543

.0064935

.0316872

.0213684

.0151305

.0249013

.0118843

.0196706

.0089851

.0187445

.0023126

.0163684

.0300283

0112130

.0252724

-0.

-0.

.1071242

.0250350

.0046241

0059066

.0080426

.0272429

.3785518

.0326290

.0473790

.0117370

.0016104

.0136976

0073901

.0044547

.0095831

.0049961

.0026268

.0104735

.0239445

.0207705

.0131271

.0159786

.0121773

.0020735

-6.
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## sp267
86e-03
## sp269
85e-02
## sp270
79%e-01
## sp275
69e-02
## sp282
38e-03
## sp284
13e-02
## sp286
03e-02
## sp290
06e-02
## sp291
54e-03
## sp292
26e-01
## sp300
40e-02
## sp301
49e-02
## sp303
51le-02
## sp304
45e-01
## sp305
15e-02
## sp306
84e-02
## sp307
47e-03
## sp311
69e-02
## sp312
80e-02
## sp313
00e-02
## sp314
12e-02
## sp317
18e-01
## sp319
07e-03
## sp321
87e-02
## sp322

.329%e-02

.363e-03

.917e-01

.698e-02

.062e-02

.880e-02

.216e-03

.394e-01

.902e-02

.736e-02

.379%e-02

.915e-02

.032e-02

.893e-01

.192e-02

.146e-03

.836e-02

.612e-03

.466e-03

.983e-03

.017e-01

.949e-03

.424e-03

.119e-02

.762e-02

.187e-03

.982e-03

.959%e-02

.998e-02

.321e-02

.153e-03

.974e-03

.141e-02

.134e-03

.398e-03

.976e-02

.284e-02

.225e-03

.467e-02

.370e-02

.520e-03

.548e-02

.107e-02

.307e-02

.575e-02

.010e-02

.245e-02

.834e-03

.553e-02

.057e-02

-0

-0

.0472558

.0100729

.1345488

.0033344

.0179313

.0316648

.0065479

.1158637

.0077427

.1756013

.0479917

.0739373

.0124977

.1307335

.0670465

.0467488

.1084397

.0135566

.0382268

.0139103

.0262254

.0997235

.0010371

.0039708

.0166560

.0115111

.0064966

.17139%901

.0248993

.0423063

.0105475

.0226034

.0711050

.0084876

.0711999

.0323440

.0198076

.0149959

.1409032

.0390914

.0232742

.0294632

.0510482

.0922435

.0412509

.1669363

.1019180

.0083374

.0373359

.0530376

.0125549

.0128138

.1762633

.0290711

.0073471

.0433014

.0053364

.0365692

.0082827

.0521655

.0443209

.0168024

.0171795

.1843802

.0692509

.0115289

.0333436

.0104330

.0091245

.0056544

.1170158

.0106878

.0040252

.0026619

.00177960
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16e-02
## sp324
49e-02
## sp327
56e-03
## sp328
71e-02
## sp329
73e-03
## sp331
24e-02
## sp332
66e-02
## sp336
54e-02
## sp337
02e-02
## sp338
89e-02
## sp339
23e-03
## sp347
53e-01
## sp349
23e-02
## sp351
85e-02
## sp354
84e-03
## sp357
45e-03
## sp359
42e-03
## sp360
16e-02
## sp36l
53e-02
## sp363
02e-02
## sp371
49e-02
## sp374
23e-02
## sp377
46e-02
## sp378
43e-02
## sp384
75e-02

-2

6.

1

.498e-02

521e-03

.533e-02

.178e-02

.236e-02

.788e-03

.716e-03

.040e-02

.489%e-03

.655e-03

.391e-01

.073e-02

.206e-02

.295e-03

.735e-02

.633e-02

.940e-02

.584e-02

.211e-02

.463e-02

.846e-02

.536e-01

.360e-01

.710e-02

.295e-02

.780e-02

.096e-02

.805e-03

.019%e-02

.939%e-02

.386e-03

.500e-02

.423e-02

.889%e-03

.319%e-02

.581e-02

.420e-01

.024e-03

.683e-04

.125e-02

.627e-02

.153e-02

.532e-03

.021e-04

.704e-02

.373e-05

.001e-02

.028e-02

.0810174

.0537233

.0214344

.0211210

.0179220

.0016457

.0104944

.0493168

.0418124

.0095929

.0559603

.0125790

.3440935

.0012590

.0057695

.1345692

.2267066

.0096620

.0391872

.0108631

.0198846

.2001607

.0861828

.0666670

.0641784

.0171247

.0010567

.0015762

.0145217

.0487492

.0015348

.1050630

.0071158

.0020520

.1349995

.0317180

.0984005

.0086481

.0024906

.0663376

.1317473

.0098482

.0408476

.0054233

.0299378

.1383674

.0243511

.0369641

-0

.0004948

.0078771

.0211069

.0058724

.0142717

.0231274

.0045438

.1194281

.0443827

.0067747

.2493490

.0083136

.0217686

.0082248

.0005725

.0131934

.0412271

.0066306

.0386852

.0178911

.0278468

.0254316

.0207616

.0057056
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## sp388
75e-02
## sp390
35e-02
## sp391
19e-02
## sp395
07e-02
## sp400
20e-03
## sp4o8
95e-03
## spd2l
33e-02
## spd24
26e-02
## sp428
53e-03
## sp429
72e-03
## sp433
64e-03
## sp434
74e-02
## sp435
04e-02
## sp439
76e-02
## spd42
48e-03
## sp44s
28e-02
## spdd7
95e-03
## spd49
62e-03
## sp450
53e-02
## sp451
58e-02
## spd52
15e-02
## sp457
35e-02
## sp459
82e-02
## sp46l
36e-02
## spd62

.258e-02

.062e-02

.583e-02

.538e-01

.871e-03

.079e-02

.497e-03

.862e-03

.677e-02

.140e-02

.743e-02

.535e-02

.608e-03

.964e-03

.172e-02

.167e-02

.987e-02

.323e-02

.807e-02

.285e-02

.093e-03

.182e-02

.788e-02

.489e-02

.920e-02

.302e-02

.845e-02

.571e-02

.065e-02

.810e-03

.046e-03

.375e-02

.811e-03

.358e-04

.029e-02

.362e-02

.633e-03

.295e-03

.546e-03

.850e-03

.029e-02

.977e-03

.116e-03

.605e-02

.177e-02

.505e-03

.531e-03

.584e-02

.887e-02

.133e-02

.0589970

.0204270

.0626203

.0718567

.0059807

.0102615

.1674434

.0036620

.0061150

.0012362

.0057577

.0351585

.0171144

.0034209

.0139454

.0458563

.0079898

.0156654

.0219335

.0006300

.0491640

.0133003

.0003771

.0727811

.0481196

-0.

.0485591

.0139658

.0313281

.0160243

.0033019

.1274910

.0550342

.0230116

.0213793

.0266216

.0173611

.0044423

0108234

.0065703

.0055980

.0063618

.0056407

.0087001

.1043530

.0105977

.0069324

.0395658

.0509087

.0400430

.0240767

.0101263

.0224875

.0447703

.0859612

.0011560

.0326935

.0178839

.0100879

.0228843

.0044519

.0214730

.0177473

.0160581

.0051569

.0063164

.0020619

.0030798

.0044450

.0024984

.0100332

.0560793

.0323316

.0381392

.0426231

.0242828

-8.
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92e-02
## sp464d
05e-02
## sp468
99e-02
## sp470
66e-02
## sp471
47e-03
## spd73
75e-02
## spd74
6le-03
## spa76
64e-03
## spd79
32e-02
## sp48l
72e-02
## sp482
94e-02
## sp483
88e-02
## sp487
14e-02
## sp49l
29e-02
## sp492
16e-02
## sp4o4
20e-03
## sp496
44e-03
## sp497
00e-02
## sp498
58e-02
## sp499
8le-02
## sp500
74e-02
## sp501
86e-02
## sp502
80e-03
## sp505
98e-02
## sp506
45e-02

-4,

1.

.808e-03

.974e-02

.119e-02

.563e-02

.673e-02

.611e-02

.013e-03

.186e-03

.924e-02

.591e-02

.611e-02

.051e-02

.643e-03

.444e-02

109e-03

988e-02

.028e-02

.770e-02

.311e-02

.058e-02

.064e-01

.461e-02

.580e-02

.129e-03

.652e-04

.247e-04

.286e-03

.515e-03

.495e-02

.003e-03

.736e-03

.412e-02

.348e-03

.883e-02

.333e-02

.346e-03

.658e-03

.144e-02

.030e-03

.892e-03

.184e-01

.331e-03

.484e-01

.785e-02

.779%e-02

.532e-03

.612e-02

.046e-03

9.

9.

9.

0207137

0949100

0350138

.0292665

.0183600

.0416100

.0124960

.1222582

.0271852

.0357469

.0340088

.0196271

.0229057

.0425153

.0037367

.0004535

.2117258

.0062294

.4236318

.0145231

.1168973

.0124055

.0117640

.0131444

-0

.0201656

.0201458

.0285412

.0114901

.0308220

.0118828

.0013145

.0868513

.0071829

.1233495

.0601663

.0011775

.0048805

.0338960

.0011260

.0198522

.0759246

.0171883

.1838782

.0467115

.0736217

.0064141

.0475020

.0081485

-0.

.0179882

.0554912

.0282074

.0388909

0594649

.0015542

.0054119

.0143900

.0262771

.0190863

.0252189

.0075586

.0107315

.0638029

.0009321

.0262693

.0920845

.0192585

.1122623

.0454493

.0407355

.0076566

.0261176

.0194638

-2.

113



## sp507
54e-03
## sp508
16e-02
## sp509
83e-02
## sp510
56e-02
## sp512
20e-03
## sp514
64e-02
## sp516
26e-02
## sp517
02e-03
## sp522
55e-02
## sp524
12e-02
## sp526
58e-02
## sp527
35e-02
## sp528
18e-01
## sp529
49e-02
## sp530
71e-02
## sp531
22e-03
## sp533
18e-02
## sp536
82e-02
## sp538
26e-02
## sp539
33e-03
## sp540
14e-02
## sp541
09e-02
## sp542
24e-03
## sp546
13e-02
## sp547

.248e-02

.194e-03

.730e-02

.395e-03

.306e-03

.173e-02

.441e-02

.055e-03

.549e-02

.851e-02

.099%e-02

.966e-02

.157e-01

.018e-01

.062e-02

.994e-02

.657e-02

.586e-02

.098e-02

.202e-03

.209e-02

.603e-02

.297e-03

.130e-01

.605e-04

.204e-02

.018e-03

.915e-02

.128e-02

.615e-02

.153e-02

.113e-04

.958e-04

.687e-03

.794e-03

.714e-04

.054e-01

.260e-01

.380e-02

.037e-02

.401e-03

.974e-03

.121e-03

.341e-03

.242e-03

.710e-03

.608e-03

.572e-02

.796e-02

.002e-03

.0414120

.0299555

.1226022

.0723315

.0683512

.1192875

.0392849

.0136092

.0212370

.0649385

.0965473

.0017695

.3332122

.0384002

.0326687

.0447884

.0192117

.0499868

.0102928

.0068623

.0331732

.0026880

.1345839

.0740234

.0102934

-0

-0

Q.

Q.

.0013934 -0.

.0109482

0892366

0002082

.0129067

.0641251

.0123292

.0043692

.0239061

.0426548

.0337138

.1250618

.0788545

.1508507

.0056852

.0374715

.0048421

.0178326

.0023507

.0025080

.0061819

.0040677

.0307636

.0022421

.0118132

0247832

.0204890

.0127264

.0478719

.0296730

.0312337

.0203104

.0117399

.0202678

.0188739

.0702361

.0217958

.0621904

.0801200

.0132326

.0092673

.0184896

.0093800

.0062365

.0024156

.0189767

.0104433

.0058982

.0321804

.0069632

114

2.8

-2.7



96e-03
## sp548
42e-02
## sp552
47e-02
## sp553
09e-02
## sp558
27e-03
## sp559
10e-02
## sp560
16e-02
## sp568
95e-02
## sp569
12e-02
## sp570
46e-02
## sp571
44e-02
## sp572
70e-02
## sp573
56e-02
## sp574
90e-02
## sp575
31le-02
## sp576
95e-02
## sp580
93e-02
## sp583
12e-02
## sp584
69e-02
## sp585
08e-02
## sp586
55e-02
## sp590
53e-03
## sp592
67e-02
## sp593
23e-02
## sp594
87e-02

-1

7

.821e-03

.913e-03

.704e-04

.819e-03

.459e-03

.572e-02

.781e-02

.580e-03

.500e-03

.812e-02

.492e-02

.703e-03

.671e-03

.272e-02

.763e-02

.569e-04

.594e-02

.599e-02

.581e-02

.391e-02

.130e-02

.753e-02

.165e-01

.015e-02

.594e-03

.914e-03

.221e-02

.23%e-02

.163e-02

.107e-03

.355e-02

.809e-03

.293e-03

.952e-03

.358e-03

.250e-03

.830e-03

.560e-03

.616e-02

.137e-03

.637e-02

.082e-02

.216e-02

.100e-03

.165e-04

.324e-02

.580e-02

.452e-03

.0202373

.0451527

.0768786

.0604999

.0949329

.0289169

.0016913

.0028869

.0178337

.0697404

.1381047

.0095432

.0510478

.0256572

.0133091

.0226353

.0154677

.0310429

.0744969

.0067079

.0080767

.0594322

.1110821

.0254405

-0

.0029186

.0078443

.0687492

.0396292

.0542991

.0177824

.0123829

.0228153

.0034387

.0276681

.0307439

.0064165

.0225276

.0433403

.0188948

.0036504

.0370850

.0072316

.0319016

.0005227

.0035210

.0172604

.1022598

.0314367

.0059714

.0297762

.0068561

.0182300

.0195456

.0215833

.0273171

.0082180

.0075102

.0648190

.0408151

.0150824

.0352818

.0069356

.0265801

.0180041

.1281982

.0160547

.0164804

.0136699

.0092982

.0633452

.0647459

.0191479
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## sp596
37e-03
## sp60o
55e-02
## sp604
57e-01
## sp605
56e-02
## sp608
76e-02
## sp609
63e-03
## sp612
08e-03
## sp617
85e-02
## sp622
27e-03
## sp626
58e-02
## sp630
44e-02
## sp631
07e-02
## sp632
79e-02
## sp634
15e-02
## sp635
30e-02
## sp636
89e-02
## sp637
52e-03
## sp638
14e-02
## sp641l
69e-03
## sp645
14e-03
## sp648
98e-03
## sp650
02e-02
## sp651
03e-03
## sp653
14e-03
## sp654

.744e-02

.657e-02

.372e-02

.425e-02

.915e-02

.277e-03

.222e-02

.919%e-04

.534e-03

.295e-02

.112e-02

.535e-02

.765e-02

.667e-02

.919%e-02

.193e-02

.219%e-02

.644e-02

.238e-03

.879e-03

.437e-03

.223e-01

.281e-02

.257e-03

.071e-03

.400e-03

.192e-02

.123e-02

.349e-02

.169e-02

.715e-02

.743e-02

.144e-02

.247e-02

.780e-02

.140e-02

.317e-03

.507e-02

.379%e-04

.926e-03

.747e-02

.238e-02

.024e-02

.222e-03

.575e-02

.561e-03

.171e-02

.244e-03

.527e-03

.860e-02

.0090418

.0095782

.2588139

.0098762

.0060660

.0216785

.0252774

.0189376

.0408836

.0436795

.0507816

.0301573

.0015959

.0233747

.0109408

.0052446

.0840454

.1475279

.0157197

.0021588

.0023890

.0718966

.0349708

.0058662

.0035146

.0067415

.0048377

.0998033

.0093588

.0133524

.0070423

.0053254

.0116350

.0123050

.0215458

.0251569

.0127369

.0078275

.0333707

.0051784

.0213706

.0272892

.0821192

.0282342

.0386154

.0173164

.0320998

.0207200

.0082799

.0260046

.0057310

.0199527

.1051835

.0178037

.0346470

.0011650

.0071969

.0087702

.0071531

.0317852

.0103138

.0016182

.0391819

.0428102

.0241260

.0398983

.0083489

.0679308

.0005590

.0079904

.0087725

.0873432

.0633076

.0036882

.0065306
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57e-03
## sp658
60e-02
## sp660
00e-03
## sp662
06e-03
## sp664
15e-02
## sp667
98e-02
## sp668
68e-03
## sp670
37e-03
## sp672
73e-02
## sp673
80e-03
## sp681l
17e-02
## sp684
12e-02
## sp685
0le-03
## sp687
38e-02
## sp689
17e-02
## sp691
27e-02
## sp695
82e-02
## sp699
92e-03
## sp701
66e-04
## sp702
62e-02
## sp705
6le-02
## sp709
36e-02
## sp711
52e-02
## sp714
40e-02
## sp715
87e-03

.507e-03

.629e-03

.957e-04

.703e-02

.172e-02

.301e-03

.432e-03

.180e-02

.019e-01

.306e-03

.070e-04

.260e-02

.290e-02

.171e-02

.316e-01

.959%e-02

.757e-02

.647e-02

.062e-04

.127e-02

.421e-02

.838e-02

.587e-02

.953e-02

.806e-02

.337e-02

.03%e-02

.959e-02

.335e-02

.617e-02

.277e-03

.770e-02

.174e-01

.309e-03

.310e-04

.254e-03

.965e-02

.549e-02

.174e-02

.114e-03

.850e-02

.267e-02

.196e-03

.216e-02

.656e-02

.240e-02

.768e-02

.107e-02

.0524495

.0243968

.0166793

.0416173

.0024533

.0483746

.0123985

.1010607

.1681256

.0156907

.0316359

.0040393

.0071184

.0046369

.0441031

.0095302

.0067290

.0140340

.0178612

.0131339

.1267175

.0126627

.0588925

.0257038

.0062980

.0133246

.0089694

.0717099

.0599964

.0107228

.0007440

.0586421

.0246112

.0068691

.0268986

.0162297

.0311318

.0084299

.0061914

.0378982

.0011929

.0032749

.0034634

.0550652

.0596873

.0111937

.0251158

.0040505

-0

.0337045

.0062573

.0008180

.0249947

.0102320

.0025534

.0056244

.0124757

.0807389

.0202413

.0374186

.0039022

.0599763

.0086955

.0808993

.0139613

.0006554

.0035193

.0224323

.0106261

.0337025

.0214705

.0176396

.0222759
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## sp717 1.844e-03 1.382e-02
34e-03

## sp718 -6.183e-03 1.966e-03
11e-03

## sp720 1.062e-01 -2.003e-02
67e-02

## sp721 -1.878e-05 2.305e-03
71e-03

## sp724 -3.879e-03 -1.295e-03
82e-02

## sp725 -8.783e-02 -2.877e-02
14e-02

## sp726 1.318e-02 3.043e-02
00e-02

## sp728 3.214e-02 4.318e-03
51e-02

## sp729 -1.149e-03 -3.596e-02
60e-02

## sp730 -6.369e-02 -2.795e-02
30e-02

## sp733 3.123e-02 2.269e-03
82e-03

## sp735 5.718e-03 1.863e-02
75e-03

## sp736 1.563e-02 -7.998e-03
40e-02

## sp737 -8.051e-04 1.544e-02
11e-03

## sp738 4.449e-02 3.382e-02
29e-02

## sp739 -2.065e-02 4.141e-03
27e-02

Hit

#Hi#

## Site scores (weighted sums

#Hi#

Hit RDA1 RDA2

PC4

## rowl -0.087888 ©0.552914

50095

## row2 -0.205832 0.311115

37365

## row3 -0.428422 -0.272965

53089

## row4d  -0.188997 0.364438

68124

## row5 -0.289373 -0.003411

24957

## row6 -0.339221 -0.075242

-0

of

.0314130

.0023997

.1205714

.0223480

.0352217

.0500131

.0272693

.0268470

.0255198

.0368378

.0252242

.0341321

.0098863

.0176864

.0617951

.0217148

.0146962

.0066404

.1214363

.0131141

.0093903

.0510435

.0088374

.0410778

.0353695

.0135575

.0219600

.0021627

.0255637

.0061971

.0416594

.0170060

species scores)

PC1

.994e-01

.274e-01

.119e-02

.017e-01

.642e-02

.307e-02

PC2

.2459549

.0605065

.1592684

.0756182

.0983490

.0720461

.0018249

.0005537

.1236290

.0010157

.0216630

.0920072

.0142886

.0312560

.0437973

.0417545

.0166660

.0070889

.0293462

.0023038

.0574692

.0077021

PC3

.0724544

.0643049

.2725134

.0447998

.0548153

.2339226

-1.
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47960

## row7
78747

## row8
26189

## row9
69267

## rowle
68189

## rowll
67280

## rowl2
84410

## rowl3
54163

## rowlsd
30364
## rowl5
80976

## rowlé
99325

## rowl?7
26617

## rowl8
64590

## rowl9
26124
## row20
05094
## row2l
01363

## row22
61440

## row23
66164
## row24
10124
## row25
05755

## row26
14824
## row27
47849

## row28
09462

## row29
96797

## row30
15908

-0

-0

-0.

-0.

.473740

.498620

344992

.376811

.456260

.095137

.189542

319898

.208927

.452689

.300695

.200736

.294088

.307746

.304352

.109665

.384123

.517517

.336602

.304708

.126545

.195365

.400835

.298471

-0.

-0.

-0.

-0.

-0.

Q.

0

-0.

-0.

349380

433369

056083

100626

269315

061564

.451514

.033892

.100407

.355251

.178972

221699

.408683

471212

.112426

.522015

.180387

.524138

.475575

.539727

.177555

.309998

.027776

.268857

2

8.

7

-5.

-1

.634e-01

.701le-01

843e-02

.168e-02

.003e-01

082e-02

.735e-01

.132e-01

.297e-02

.411e-01

.490e-01

.291e-01

.836e-02

.169%e-01

.542e-01

.649e-01

.313e-02

.544e-03

.177e-02

.257e-03

.243e-02

.973e-02

.147e-01

.875e-01

.2855188

.1211944

.2859688

.0074241

.0028427

.2576152

.1408304

.0985540

.0625584

.0757099

.0938493

.1150121

.0027313

.0002992

.1208635

.0494310

.3639258

.3032055

.1433286

.1964196

.0129411

.0361072

.2072205

.0806116

-0.

Q.

-0.

-0.

-0.

-0.

.2113854

3390356

.0545421

.1674740

.2423244

.0887715

0235338

0046735

0327642

3436267

0894486

.0853169

.6993080

.7310116

.1071370

.0185084

.1389354

.1598692

.5661227

.3863852

.0088663

.0463888

.2180879

.2007819

-0.

-0.

Q.

-0.

-0.

-0.

-0.

Q.

119

14

.34

.24

.18

17

.23

.11

.01

.03

.32

.06

.01

.17

19

08

02

12

38

28

.22

.06

.02

.30

.26



## row3l
61320
## row32
32898
## row33
81413
## row34
93102
## row35
56664
## row36
92159
## row37
46441
## row38
93341
## row39
70104
## row4o
76707
## row4dl
24482
## rowd2
58715
## rowd3
54330
## rowd4d
62097
## row45
27630
## row46é
86424
## rowd7
32494
## row48
43795
## row49
14366
## row50
75590
## row51
21546
## row52
92999
## row53
56908
## row54
52478
## row55

-0.

-0.

-0.

.250674

.480707

. 346557

161356

.087153

.184523

.274958

.290063

.410311

.275348

.269161

.157884

.351991

395161

. 245999

.264015

.339725

. 460406

.462701

.451930

.403473

.388061

.103308

368589

.263216

-0.

-0.

.425438

.535902

.292322 2

.316374

.276470 2

381831 6

.605575 1.

.239444 2.

.254205 3.

.147692 6.

.079369 1.

.549496 7.

.497751 1.

.379895 5.

082727 1.

.386192 3.

-6.

.326149 4.

.363309 3.

.510651 2.

.465446 2.

.381883 9.

.138627 2.

.105661 1.

.286923 2.

.422956 -9.

.439%e-02

934e-01

794e-01

695e-01

389e-02

.581e-01

643e-01

.978e-02

248e-02

751e-01

191e-02

08le-01

.414e-01

053e-01

371e-05

333e-02

000e-01

853e-01

910e-01

798e-02

850e-01

777e-01

.496e-01

213e-01

295e-02

.0329507

.1197812

.1583847

.0957656

.3148034

.0952531

.0311765

.1463492

.1229301

.0767793

.1571947

.1275855

.2553624

.2497383

.0548319

.0131810

.0478048

.2574740

.2664020

.4402519

.2238746

.0386092

.0898869

.1296680

.12278760

-0.

.5103130

.3614195

.0823948

.2607766

.1034214

.0806731

.0092977

.5275183

.3966216

.6747238

.5228886

.2623933

1141328

.1018768

.0290353

.0749684

.0081376

.0040828

.0594818

.2398949

.1962521

.1722640

.3192269

.1588238

.4731731

-0.

120

.06

.29

.04

.28

21

.17

.03

.25

.08

.05

.05

.17

.07

.16

.16

01

.25

.46

.51

.43

.13

.00

.28

.18

.24



96078
## row56
81046
## row57
27923
## row58
03390
## row59
07097
## row6o
61540
## rowbl
06185
## rowb2
54592
## row63
57271
## rowé4d
65061
## row65
28753
## row66
50913
## row67
20383
## row68
77396
## row69
64346
## row70
39770
## row71
31854
## row72
33237
## row73
73616
## row74
85636
## row75
22801
## row76
56610
## row77
68964
## row78
52030
## row79
03081

.458313

.507927

.426098

.344388

.389965

.196842

.452548

.479994

.488443

.427337

.299271

.370427

.439468

.439395

.317662

.084337

.160568

.287271

.418003

.154739

.121759

.424098

.335208

.165829

.452132

.434156

.352732

.297748

.380890

.325975

.362994

.399784

.360938

.494563

.429519

.355371

.389399

.442540

.138477

.072029

.441605

.161189

.092164

.234595

.228763

.220033

.250506

.289056

.984e-01

.446e-01

.662e-01

.097e-01

.661le-01

.639%e-01

.896e-01

.682e-01

.757e-01

.490e-02

.293e-02

.709%e-02

.992e-01

.762e-01

.864e-02

.052e-01

.683e-02

.358e-01

.122e-02

.177e-02

.174e-02

.685e-01

.873e-01

.296e-02

.2475628

.2805515

.1889800

.4188706

.2368215

.0211679

.0782281

.2400309

.0645583

.2550007

.1918574

.0699437

.2400188

.2758654

.1551699

.0422674

.3757153

.0784098

.0628574

.2171241

.0393228

.3238089

.0636596

.3366152

.0823021

.1459925

.0820810

.0002829

.1411109

.1535612

.1797895

.0018544

.2157796

.4350815

.5071834

.5741294

.1537244

.2069380

.2216037

.2431409

.0695379

.0296264

.3101850

.0102360

.3311589

.1114694

.0398395

.2528081

121

.56

.48

.66

.42

.07

.33

.03

.04

.10

.13

.28

.15

.66

.44

.24

.30

.29

.03

.26

.26

.06

.08

.26

.40



## row80

66219

## row8l

15099

## row82

50768

## row83

35667

## row84

80200

## row85

54332

## row86

77874

## row87

10672

## row88

72046

## row89

64078

## row9eo

60391

## row9l

91493

## row92

71313

## row93

83251

## row94

19583

## row9s

50748

## row96

81529

## row97

91481

## row98

29867

## row99

46818

## rowloo
70700

## rowlol
67869

## rowle2
58150

## rowle3
87492

## rowle4d

-0.

-0.

.362266

.190251

.272757

.017171

380427

.379243

.218900

.391189

.383724

.385130

.300321

.196219

.057156

.022277

.199856

.264473

.021851

.044819

.441830

310737

.313421

.347056

.290711

.409967

.329673

-0.

.199238

.156355

.143813

.169825 -1

.001144 -6

.012687 6.

.166011 1.

.058361 8

.479967 1.

.287299 1.

.407972 1.

259127 2.

.369046 3.

.263189 2.

.021074 1.

.007903 2.

.210910 2.

.114210 1.

.225141 1.

.181915 1.

.479584 1.

.350058 3.

.114543 1.

.475803 5.

.003625 -8

.236e-02

.283e-02

920e-02

884e-01

.493e-02

230e-01

084e-01

293e-01

019e-02

993e-02

184e-02

383e-01

852e-01

529e-01

589e-01

.599e-02

937e-01

897e-01

510e-01

196e-02

546e-03

.871e-01

.287e-01

796e-02

.144e-02

.3215840

.1721758

.2300912

.1006717

.2954548

.0095748

.2154676

.1942573

.2893902

.3834043

.3642813

.1443087

.1731822

.3979543

.4446637

.1034910

.1658896

.0581855

.0910504

.0494065

.0114063

.2427486

.2464242

.5133568

.2255582

-0.

.1376463

.3308382

.0114792

.2637695

.0348875

.1516805

.0491990

.0951527

.1736247

.1242485

.2208707

.2055776

.0661943

.0789296

.1364447

.2308431

.0815346

.4693016

1213577

.0723954

.0325578

.1938506

.1154259

.3947230

.0364061

-0.

Q.

Q.

122

.15

.16

.19

.17

.03

.01

.27

.15

.21

.11

.16

.06

.41

.39

.20

.21

.28

.28

.02

11

.09

.08

.20

12

06



09931
## rowl@5
07850
## rowle6
82890
## rowle?7
63267
## rowle8
56827
## rowle9
76270
## rowllo
59550
## rowlll
89270
## rowll2
18640
## rowll3
29822
## rowllsd
54223
## rowll5
46794
## rowllé
93465
## rowll?
02537
## rowll8
11419
## rowllS
20492
## rowl20
65692
## rowl2l
71633
## rowl22
77577
## rowl23
18158
## rowl24
65411
## rowl25
48126
## rowl26
23376
## rowl2?7
42340
## rowl28
52364

-0.

-0.

.105434

.286214

.233232

.467914

.370961

.070287

.016679

.006272

.285876

.277344

.316018

.104601 -0

.017425 0.

.004583 0.

.045733 0.

.155161 o.

.022909 0.

512038

.350595 0.

.106676 0.

.142803 0.

373779

.214531 ©

.148585 0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

191703 2.

553012

235283 1

054636 1.

090745 1.

176063 5.

139576 2.

273908 7.

509177 4.

228842 2.

232160

071782

202899 7.

584918

192797 1.

.059961 2.

.074543 2.

.262611 1.

.313202 2.

.590069 6.

377353 1.

.265986 3.

.448937 -2.

768291 -3.

.135e-03

.011e-01

664e-01 -0

.734e-02 0.

.494e-01 0.

992e-01 0.

975e-01 0.

826e-02

018e-01 0.

656e-02 0.

483e-02

118e-02 0.

692e-04

.188e-02 0.

661le-01 0.

606e-01 0.

882e-01 0.

896e-01

206e-01 0.

828e-02

173e-01 0.

280e-02

109e-01 0.

890e-01 0.

-0.

.0642278

2795930

1391938

0619746

1308851

.0749900

1060811

0723294

.0736938

1221380

.2685611

.3393897

2955510

3192560

2074493

0793364

0878590

.0886232

2145449

.0639759

0488738

.2960714

0387296

1852815

.1678152

.1008711

.1585812

.1353856

.0889723

.2160744

.5115118

.3329659

.0264496

.2471083

.1127829

.1266022

.4013961

.0071071

.0479742

.3079435

.3415024

.3211023

.2819618

.0062442

.4053325

.0425320

.0797806

.0308002

123

.10

.16

.27

.29

.30

.37

.18

.30

.03

.30

.02

.27

.08

.04

.14

.39

.33

.30

.16

.09

.28

.18

.11

.06



## rowl29
66291
## rowl30
88983
## rowl3l
73063
## rowl32
40576
## rowl33
66064
## rowl34
39337
## rowl35
45908
## rowl36
36037
## rowl37
66581
## rowl38
23503
## rowl39
59453
## rowl4o
75118
## rowldl
68448
## rowl4d?2
90022
## rowl4d3
01566
## rowld4d
84810
## rowl45s
85619
## rowldeé
87492
## rowld?7
58164
## rowl4ds8
59519
## rowl4o
02478
## rowl50
46976
## rowl51
31675
## rowl52
40524
## rowl53

.462407

.324633

.226165

.215777

.190632

.052324

.207240

.268323

.503737

.315000

.500580

.349836

.534460

.003507

.090143

.230513

.310962

.424688

.487042

.441662

.051581

.291253

.448975

.420440

.409404

.235273

.097154

.937139

.850384

.590580

.041155

.503808

.611677

.325125 -4

.054996 3.

.147519 1.

.052879 2.

.014113 2.

.063934 2.

.108223 1.

.552431 2.

.484774 1.

.407530 1.

.506129 1.

.460513 1.

.415022 2.

.190914 3.

.356029 3.

.285746 3.

.335187 1.

.620e-02

991e-02

528e-01

890e-02

836e-01

517e-01

.994e-03

768e-01

119e-01

363e-01

889e-01

.650e-01

626e-01

.968e-01

.498e-01

.469e-01

.952e-01

.163e-02

830e-01

027e-01

.931e-01

967e-01

509e-01

107e-01

961e-01

-0

.2597042

.0376867

.2362169

.2304744

.3278893

.0725933

.3422338

.2508836

.1161068

.0782269

.2447668

.1799253

.0476115

.2009103

.3080192

.2503879

.0783739

.2787833

.4708423

.3230993

.0152889

.3149206

.3835602

.3632518

.1237080

-0.

Q.

Q.

-0.

Q.

Q.

2238748

1658841

3766136

1066203

1076721

2549865

.0946410

.0247417

.1201550

.0401237

.0897872

.0428844

.0680801

.0672407

.0744872

.0434273

.2290886

.4813830

.2386021

.3508648

.0675947

.0571322

.1926320

.0655772

.0196804

124

.02

.37

.06

.24

.13

.25

.00

.03

.01

.08

.08

.16

.04

.01

.01

.10

.07

.20

.43

.54

.04

.09

.12

.05

.14



01002
## rowl54
72907
## rowl55
77797
## rowl56
35822
## rowl57
12187
## rowl58
09518
## rowl59
36501
## rowl60
31155
## rowl6l
04947
## rowl62
47413
## rowl63
97056
## rowl6e4d
65282
## rowl65
46256
## rowl66
86532
## rowl6?7
19551
## rowl68
05808
## rowl69
43692
## rowl70
24128
## rowl71
86261
## rowl72
41217
## rowl73
00351
## rowl74
99412
## rowl75
40937
## rowl76
77564
## rowl77
14112

.381349

.212031

.541202

.400148

.230240

.272150

.344361

.283351

.415351

.411029

.505567

.385613

.476492

.535244

.006858 0.

.158884 0.

.179987 0.

.322269 0.

.111189 0.

.127697 0.

.213268 0.

.385400 -0

.535679 -0

.340580 -0

.422046

. 280007

.413003

.008532

544657

871024

691502

.117699

.151543

.164120

.215635

.399318

.429875

.273966

.426103

.508321

.276582

062057

655824

614658

299363

.378083

.449752

.211685

.842e-01

.757e-01

.069e-01

.789%e-01

.989%e-01

.402e-01

.747e-01

.510e-01

.734e-01

.556e-01

.526e-01

.818e-01

.193e-01

.394e-02

.897e-01

.096e-02

.482e-03

.941e-01

.573e-01

.837e-01

.815e-01

.33%e-01

.018e-03

.537e-01

.0290298

.0040751

.1326844

.0838715

.2450727

.3313243

.2532785

.0924118

.3364537

.2737691

.1525799

.3059217

.2118367

.1652846

.0024086

.0836281

.0552587

.0155194

.0723228

.3387271

.1094090

.2144204

.3094155

.1561876

-0.

.0437505

.2686190

0835722

.0564316

.0295420

.0501595

.0782537

.0031924

.0297155

.0421197

.1164599

.0229037

.0463563

.2118961

.1710276

.2906982

.1592211

.3841555

.0499608

.0378603

.0453654

.4421179

.2124636

.2322781

125

.24

.34

.06

.06

.14

.11

.06

.24

.02

.09

.35

.16

.03

.25

.05

.28

.25

.26

.05

.01

.14

.28

.04

.52



## rowl78
27649
## rowl79
97969
## rowl80
43728
## rowl81
88691
## rowl82
60201
## rowl83
23519
## rowl84
75530
## rowl85
91010
## rowl86
99372
## rowl87
50236
## rowl88
33296
## rowl89
75054
## rowl90
87904
## rowlol
63494
## rowl92
65297
## rowl93
06761
## rowl9o4
80728
## rowl95
32807
## rowl96
64276
## rowl97
85390
## rowl98
31488
## rowl99
69861
## row200
97471
## row201
45269
## row202

.041174

.121205

.164486

.454015

.089263

.367953

.403513

.415432

.281202

.568657

.416101

.065356

.211486

.300912

.326875

.481501

.461302

.229408

.245706

.417625

.572179

.500983

.576891

.447921

.489490

.114951

.143978

.187646

.203524

.270668

.107112

.238042

.314537

.365935

.549659

.412078

.691432

.175726

.114823

.138068

.483632

.432121

.198972

.111732

.295236

.548605

.426687

.458124

.435285

.483277

.456e-01

.321e-01

.566e-01

.927e-01

.050e-01

.948e-01

.827e-01

.827e-01

.026e-01

.991e-02

.102e-03

.081e-01

.443e-02

.044e-01

.609e-01

.686e-02

.960e-01

.047e-01

.954e-01

.225e-01

.017e-01

.193e-01

.000e-01

.173e-01

.837e-01

.0833258

.0937375

. 2082967

.3528895

.0954796

.2070932

.2869072

.2476965

.0388977

.1376177

.2629571

.1942889

.1346167

.0863590

.0114876

.3285947

.3508711

.2120545

.3627929

.2774189

.2289939

.1392795

.2370083

.0753300

.0973551

.2219230

.1520730

.1775396

.1137267

.3203395

.0537075

.1713809

.0802542

.1252628

.3414578

.1126484

.0173165

.3043911

.0517742

.1671763

.1499981

.3142638

.1999857

.1549010

.1471488

.2714664

.2487295

.2746196

.1375309

.1390133

126

.18

21

.13

.10

.03

.07

.20

.14

.28

.32

.09

.02

.02

.17

.05

.00

.55

.29

.14

.20

.19

.10

.19

.03

.02



24541
## row203
00030
## row204
12441
## row205
46950
## row206
98133
## row207
01336
## row208
34741
## row209
50597
## row210
39289
## row2ll
65409
## row2l2
23696
## row2l3
91855
## row2l4d
73813
## row2l5
33976
## row2l6
18215
## row2l7
89148
## row2l8
93889
## row2l9
14833
## row220
41406
## row221
25193
## row222
35358
## row223
62006
## row224
53361
## row225
16541
## row226
33875

-0

-0

-0

Q.

.392554 -0

.267883 -0

.417166 -0

.111077 ©

.119536 0.

.266584 0.

.395466

.439670 0.

.262947

.212013 0.

.072849

.030366 ©

.204237

.256872

.242351

.314564

.138874 0.

.464493

.452788

.493479

.377334

.484305

.343983

087821 0.

.370533

.257588

.301867

768316

.487758

579013

347557

.274586

194024

.216837

167387

.001103

.429534

.085121

.084341

.279908

.215876

585180

.295341

.537966

.516629

.611371

.456231

.016126

.864e-01

.890e-01

.391e-01

.690e-02

.623e-02

.193e-02

.646e-02

.923e-02

.958e-03 -0

.221e-02 -0

.034e-02 -0

.255e-01 0.

.872e-01 0.

.055e-01 0.

.235e-01 0.

.159e-01 0.

.816e-01 0.

.135e-01 0.

.042e-02 0.

.007e-01 0.

.287e-01 0.

.993e-01 0.

.298e-01 0.

.513e-01 0.

.0623121

.1924770

.1677094

3357847

3065937

2528690

0317167

.1587695

.0966456

2807754

3064016

1671255

0656518

2078541

3057795

1329058

2846758

0821753

.2826699

.3791809

.3555447

.3027663

.3220520

.0484564

.0583791

.0483007

.0301824

.1527557

.0085620

.0117014

.0073626

.0873024

.1501080

.0176540

.0493375

.2693863

.2973356

.2097290

.2614404

.1908263

.0733827

.1058997

.0593396

.2964554

.1984113

.0184460

.2276743

.0222574

127

.04

.20

.02

.07

.04

.12

.17

11

.08

.25

.04

.13

.09

.11

.08

.37

.12

.17

.12

.31

.28

.11

.24

.01



## row227
71017
## row228
42521
## row229
15223
## row230
89023
## row231
30790
## row232
06659
## row233
79410
## row234
54670
## row235
09179
## row236
28647
## row237
54842
## row238
54722
## row239
22650
## row240
05603
## row241
43314
## row242
53486
## row243
97680
## row244
22148
## row245
34440
## row246
50581
## row247
68655
## row248
95254
## row249
15107
## row250
66310
## row251

.402360

.411699

.391075

.022838

.312647

.367803

.054548

.184858

.398952

.351838

.499188

.522165

.494156

.465313

.304377

.228493

.260708

.064397

.035751

.241613

.198373

.192189

.234663

.109037

.277355

.472843

.718301

.513438

.283917

.030329

.219932

.516660

.065396

.112022

.262967

.491317

.403640

.371451

.498737

.629836

.300561

.168536

.115249

.367380

.069591

.2477560

.034393

.201207

.262245

.081846

.878e-02

.983e-02

.202e-01

.321e-01

.133e-02

.602e-01

.606e-01

.257e-02

.180e-02

.946e-02

.987e-01

.364e-01

.322e-02

.195e-02

.775e-04

.105e-01

.661e-02

.562e-01

.030e-02

.955e-02

.229%e-02

.016e-01

.458e-01

.710e-01

.270e-01

.3409779

.3161562

.3211589

.0107140

.2351202

.2961631

.2306901

.2378998

.2404392

.1837105

.2363586

.1992052

. 2005968

.3472341

.1869604

.2542070

.1135934

.0789870

.2508112

.2917922

.2172121

.3711050

.1772564

.0371362

.2878169

.1110717

.0034929

.2134254

.3734401

.2947638

.3784944

.2554170

.2350914

.3649009

.3354718

.0609880

.0067282

.2782775

.0980300 0.

.0966533 0.

.0564160 0.

.0172983 0.

.0170242 0.

.3764637 0.

.0806626 0.

.003239%90 0.

.0346109 0.

.0281205 0.

.2279452 Q.

.2537308 -0.

128

04

03

.36

25

29

04

.11

.24

.45

.37

.31

.29

.21

.38

23

33

.26

.07

.08

.11

02

01

19

25

23



64299
## row252
40685
## row253
73185
## row254
90614
## row255
57162
## row256
84919
## row257
87072
## row258
56795
## row259
92371
## row260
89050
## row261
83196
## row262
23235
## row263
78403
## row264
06172
## row265
22606
## row266
95667
## row267
42831
## row268
78452
## row269
23526
## row270
21167
## row271
74301
## row272
73295
## row273
85640
## row274
58705
## row275
50746

-0

-0

Q.

.365481

.403651

250879

.380717

.477518

.431970

.472448

.345234

.019635

.286145

.157264

.167694

.018604

.172726

.146684

.184130

.464544

.334456

.300010

.463216

.289834

.236971

.122724

.312868

.272859

.375122

.685299

.559011

.671578

.480859

.475021

.542229

.109313

.001190

.050148

.179966

.262941

.179832

.220732

.051461

.430105

.122479

.288190

.693212

.047257

.185735

.035319

.355681

.416e-03

.827e-03

.394e-01

.614e-02

.268e-02

.586e-02

.577e-02

.545e-02

.325e-01

.661e-02

.619%e-02

.366e-01

.897e-01

.230e-01

.064e-01

.269e-02

.864e-02

.363e-01

.092e-01

.213e-02

.579e-02

.056e-01

.634e-01

.534e-02

.1476099

.2837189

.1910489

.2928243

.5048929

.3765949

.3108348

.2399073

.1885837

.2357878

.2421764

.4968690

.0588295

.3108215

.1657424

.0755240

.0635652

.0793891

.0371457

.4210582

.1197772

.0145286

.1894490

.0961660

.3028266

.1040994

.1022432

.1833784

.0721435

.3638965

.4000790

.0232505

.4461095

.1370599

.1657991

.0414879

.0441730

.2043793

.2118734

.2131303

.2059852

.3372462

.2306531

.1915996

.3920739

.3231762

.1571291

.0599228

129

.40

.01

.16

.14

.02

.27

.58

.27

.06

.10

.15

.12

.29

.22

.39

.15

.17

.08

.20

.29

.14

.00

.38

.00



## row276
06267
## row277
08906
## row278
65968
## row279
97830
## row280
46901
## row281
45655
## row282
46032
## row283
07426
## row284
39014
## row285
89173
## row286
68185
## row287
36790
## row288
79792
## row289
33113
## row290
70800
## row291
76376
## row292
18973
## row293
26689
## row294
99519
## row295
88391
## row296
78111
## row297
61795
## row298
74685
## row299
78689
## row300

.436896

.197257

.024520

.374963

.433962

.414937

.073620

.326036

.450400

.409059

.102003

.163381

.162067

.311698

.545370

.220826

.576362

.345155

.216412

.224760

.376350

.360515

.183154

.309684

.002221

.289347

.042564

.356235

.131414

.399143

.315307

.566401

.063406

.386187

.315027

.116135

.330386

.364922

.562463

.388260

.223355

.406101

.112074

.039749

.246796

.330365

.514658

.127063

.602251

.257359

.754e-02

.148e-01

.214e-01

.668e-02

.405e-01

.500e-04

.609e-01

.939%e-01

.232e-02

.102e-02

.118e-02

.35%9e-01

.421e-01

.012e-02

.040e-03

.144e-01

.603e-01

.050e-02

.235e-02

.329%e-01

.358e-02

.064e-01

.731e-02

.041e-02

.904e-01

.1891631

.2656532

.1629222

.1260044

.2421297

.2483441

.1413117

.1399987

.3014480

.1994188

.0428418

.0614933

.1005785

.2004878

.2487479

.1149012

.2451711

.2059198

.0831323

.0494894

.2116214

.3061212

.0060133

.2102351

.0254133

.2127665

.1499227

.1740621

.3412572

.0348974

.0908877

.0276394

.3227035

.2968907

.4728240

.4161379

.3183160

.0212307

.1862329

.1289742

.1106649

.4773575

.2308911

.3953253

.2812827

.4508355

.1356819

.1225089

.1873295

.3097264

130

.07

.27

.26

.33

.06

.05

.07

.04

.13

.41

.15

.14

.17

.23

.19

.31

.36

.27

.23

.10

.44

.29

.04

.18

.03



06645
## row301
83181
## row302
69170
## row303
79961
## row304
54053
## row305
00190
## row306
59118
## row307
29199
## row308
98026
## row309
80836
## row310
89654
## row31ll
92457
## row312
10563
## row313
90991
## row3l4d
73229
## row315
48816
## row31l6
28210
## row31l7
00537
## row318
87510
## row319
74161
## row320
67477
## row321
69638
## row322
86883
## row323
84200
## row324
03453

.229821

.346294

.429572

.432025

.243142

.2775560

.205874

.282665

.358063

.448402

.191807

.163694

.364887

.112487

.452081

.422043

.058210

.377451

.340318

.312205

.319856

.258343

.156818

.262805

.250276

.129798

.466923

.4127960

.487258

.303181

.033683

.487950

.457717

.669117

.109186

.216818

.282271

.196970

.430923

.399812

.167585

.745553

.066119

.145171

.219905

.354226

.264530

.257919

.079%e-01

.730e-02

.571e-02

.186e-01

.634e-01

.075e-01

.830e-02

.299%e-01

.384e-02

.358e-02

.608e-01

.561le-01

.774e-01

.787e-02

.297e-02

.147e-02

.377e-01

.886e-02

.674e-02

.954e-02

.351e-02

.952e-01

.782e-02

.277e-01

.1661707

.1858056

.0855608

.1837403

.0983013

.0986699

.1591823

.2025632

.2049044

.3101236

.1024394

.1646128

.2625826

.0036324

.0214539

.1903028

.0431031

.3354939

.1794617

.2268814

.0255926

.2129033

.1255414

.0954488

.0561373

.1573401

.3772195

.3623480

.1391350

.0740658

.0740195

.0310174

.0328953

.0482173

.0421049

.1172527

.0940482

.4498647

.2146492

.1094555

.1916476

.1984641

.3296267

.1130847

.2244267

.1456806

.0637406

.0184955

131

.14

.30

.40

.40

.15

.13

.19

.15

.07

.10

.07

.13

.11

.08

.20

.04

.13

.19

.25

.16

.19

.24

.27

.03



## row325
09115
## row326
69965
## row327
74171
## row328
73606
## row329
83570
## row330
57186
## row331
54565
## row332
73228
## row333
73167
## row334
23795
## row335
82353
## row336
48170
## row337
65972
## row338
85922
## row339
10411
## row340
97959
## row341
07951
## row342
27476
## row343
59181
## row344
62816
## row345
62739
## row346
42383
## row347
85453
## row348
32537
## row349

.285879

.373694

.076937

.172176

.402509

.444965

.390309

.201056

.235364

.194097

.370008

.176289

.282177

.104768

.177925

.168846

.015373

.037471

.129242

.063452

.115930

.041618

.152858

.091983

.185397

-0.

.238477

153330

.352252

.315725

.330492

.509698

.331256

.712783

.444576

.813934

.014004

.790849

.046581

.791124

.741828

.536358

.599489

.820522

.835863

.948944

.740918

.966523

.557601

.897069

.523614

.381e-02

.116e-01

.026e-01

.799%e-02

.875e-02

.420e-01

.031e-01

.912e-01

.198e-01

.089%e-01

.883e-02

.682e-01

.763e-02

.742e-01

.257e-01

.619%e-01

.913e-01

.295e-01

.312e-01

.626e-01

.379%e-01

.721e-01

.130e-01

.037e-01

.668e-01

.2467764

.1217310

.2063914

.0775184

.1642943

.0004458

.1740281

.2866334

.0927415

.3677030

.0155985

.0818981

.3147719 0.

.2607538 0.

.0162442 0.

.0098588 0.

.0122900 0.

.0330094 0.

.0575309 0.

.1577793 0.

.1769067 0.

.2168524 0.

.1442756 0.

.1040434 0.

.0696335 -0.

.4918892

.3051237

3224880

1563539

.2566489

.3372923

.1917616

.0480493

.1625558

0383273

.2186847

.1107771

.1401633

.0502391

0130005

.1344905

0222664

1417705

0350474

0659636

0682505

0663800

0152198

0844215

1037720

Q.

Q.

-0.

9.

9.

-0.

Q.

132

.27

.20

.14

.28

.16

.27

.08

.15

.19

.05

.24

.10

.13

.08

10

06

00

09

00

13

.02

.17

.07

.16



61616
## row350
09303
## row351
88710
## row352
86936
## row353
92649
## row354
41154
## row355
54344
## row356
72061
## row357
05744
## row358
76007
## row359
48041
## row360
24291
## row361
28584
## row362
37725
## row363
17563
## row364
97444
## row365
82148
## row366
60755
## row367
48594
## row368
48273
## row369
71182
## row370
46197
## row371
89918
## row372
02653
## row373
32088

-0

.040357

.051944

.012924

.074833

.022631

.089497

.062492

.030768

.013522

.089628

.045888

.159386

.264753

.395486

.431563

.123196

.088503

.035086

.039091

.038819

.029936

.147079

.086427

.008898

.636292

.941574

.028466

.663055

.918961

.695271

.745375

.986813

.590460

.546852

.655904

.778050

.374727

.484666

.436058

.751125

. 740558

.929211

.799125

.947418

.738078

.800870

.748476

.699376

.478e-01

.040e-01

.294e-01

.235e-01

.178e-01

.925e-01

.217e-01

.041e-01

.148e-01

.013e-01

.506e-01

.395e-01

.738e-01

.672e-02

.203e-01

.983e-01

.712e-01

.73%e-01

.394e-01

.519%e-01

.456e-01

.458e-01

.246e-01

.979%e-01

.0748502 0.

.1279295 0.

.1096577 0.

.2887699 0.

.0105986 0.

.0010086 0.

.0081904 0.

.2005010 0.

.1119280 -0.

.0771389 0.

.1309965 0.

.1276867 0.

.1264981 0.

.2722089 -0.

.3281453 -0.

.1466902 0.

.1427093 0.

.1628264 0.

.0593560 0.

.1731819 0.

.1212960 0.

.1646618 0.

.3019158 0.

.3054687 -0.

0443362

0967059

1067464

0590078

0853915

0744513

0710458

1067114

0554695

0491685

0870747

0870617

0100287

1556110

1533518

0919047

0313154

0158522

0195063

1189899

0835381

0512198

0665971

0165957

133

.01

.01

.01

.04

.08

.15

.13

.01

.04

.08

.04

.11

.08

.01

.05

.14

.06

.05

.01

.04

.05

.12

.04

.01



## row374
73284
## row375
49595
## row376
98246
## row377
22554
## row378
48197
## row379
17570
## row380
38997
## row381
57545
## row382
46638
## row383
83582
## row384
66450
## row385
54871
## row386
72322
## row387
29660
## row388
53373
## row389
87355
## row390
34503
## row391
71291
## row392
49927
## row393
48903
## row394
65008
## row395
29193
## row396
27031
## row397
17279
## row398

.161535 0.

.037191 o.

.051560 0.

.032301 0.

.089638 0.

.012713 0.

.065182 0.

.214354 0.

.015121 o.

.014026 0.

.047079 1.

.011227 0.

.044380 0.

.022989 0.

.017955 0.

.087933 0.

.123668 0.

.033400 0.

.079335 0.

.015114 ©

.010950 0.

.022337 0.

.126560 0.

.298818 -0

.285319 -0

784593

686452

802347

610872

766262

845047

787278

617566

771543

888141

006402

712569

741958

621264

877467

811643

584640

641726

504897

.446087

752914

746921

746447

.281275

.483768

.249%e-01

.691e-01

.315e-01

.754e-01

.568e-01

.801e-01

.904e-01 0.

.477e-01 0.

.245e-01 0.

.244e-01 0.

.55%9e-01 0.

.478e-01 0.

.077e-01 0.

.873e-01 0.

.322e-01 0.

.22%9e-01 0.

.950e-01 0.

.834e-01 0.

.916e-01 0.

.099%e-01 0.

.710e-01 0.

.636e-01 0.

.341e-01 0.

.014e-01 -0

.287e-01 -0

2745163 0.

.0939291 0.

0537940 0.

.2045047 0.

0075852 0.

2862012 0.

2547517 0.

1307106 0.

.1501093 0.

.0838538 0.

.0178815 0.

2537831 0.

1474601 0.

0549107 0.

3613070 0.

0835657 0.

0029947

.0021596 0.

1337777

1843101

1061733 0.

2011268 0.

2209991 0.

.2410308 0.

.2663653 -0.

0590707

0298112

0719116

0722768

0869008

0372968

0676635

2069684

0410792

0906406

1195547

1138727

1125082

0981670

0543069

1127128

.0609547

0761178

.0224931

.0007311

1262350

0783115

1803378

0487115

2805819

134

.08

.02

.14

.00

11

.08

.05

.06

.00

.05

.04

.07

.11

.10

.09

.10

.06

.13

.12

.13

.08

.02

.05

.17

.22



89558

## row399
70225

## row400
07608

## row4ol
06807

## row402
44217

## row403
77470

## rowdo04
66156

## rowde5
88141

## row406
68998

## row407
85907

## row408
71326

## row4e9
39959

## row4lo
11197

## row4ll
77163

## row4l2
18480

## row4l3
66651

## rowdld
13752

## rowdl5
30556

## rowdlé
61439

## row4dl7
15599

##

##

.030474

.015638

0.042098

.029791

0.035928

.016595

.028801

0.144160

0.536817

0.454020

0.429477

0.148809

0.168319

.045215

.010723

0.430633

0.319463

.388495

.411998

.770380

.720951

.513404

.649282

.742812

.698103

.738869

.651906

.442951

.397737

.305773

.656535

.374791

.115751

.602663

.005407

.084021

.383613

.379206

.058e-03

.084e-01

.551e-01

.313e-02

.278e-01

.812e-01

.615e-02

.710e-02

.902e-01 0.

.577e-01 0.

.499e-01 0.

.920e-01 0.

.644e-01 0.

.907e-01 0.

.750e-01 0.

.005e-01 0.

.825e-01 0.

.264e-01 0.

.058e-01 0.

## Site constraints (linear combinations of

##
##
PC4
## rowl
0650095
## row2
1837365

RDA1

RDA2

PC1

2278822

2457587

1774877

2759179

2202518

2313020

2737005

1403306

.3594957

.4816169 -

.2084262

2645575

.1083193 -

2743248

1354262

.1986050

.0578948

Q.

.2690893 -0.

.2074297 -0.

.0439496

.0841843

.0778414

.1093809

.0812285

.1355194

.2427913

.1007727

.3474323

.1083676

.0461216

.2428654

.0113380 0.

.0873335 0.

.0573447 0.

.2093527 0.

2827060

0401608 0.

1943617

135

.11

.11

04

.14

.08

.05

.09

03

.43

.01

.38

.02

14

13

.10

.33

.22

10

.12

constraining variables)

PC2

PC3

-0.0127920 1.224e-02 -1.994e-01 0.2459549 0.0724544 -0.

-0.4068613 -3.100e-01 -3.274e-01 0.0605065 0.0643049 -0.



## row3
3253089
## rowd
2268124
## row5
0724957
## rowé
3847960
## row/
1478747
## row8
3426189
## row9
2469267
## rowle
1868189
## rowll
1767280
## rowl2
2384410
## rowl3
1154163
## rowlsd
0130364
## rowl5
0380976
## rowlé
3299325
## rowl7
0626617
## rowl8
0164590
## rowl9
1726124
## row20
1905094
## row2l
0801363
## row22
0261440
## row23
1266164
## row24
3810124
## row25
2805755
## row26
2214824
## row27

.1229280

.2602638

.1999637

.3006499

.0113889

.2229594

.1337754

.2241371

.2258868

.2547203

.1721291

.1841137

.1866709

.1866709

.1271842

.1271842

.4530559

.4635987

.1271842

.1788811

.6199877

.2358012

.2063117

.2272634

.0062150

.457e-01

.633e-02

.675e-02

.491e-02

.316e-01

.326e-02

.022e-02

.102e-02

.617e-02

.564e-02

.410e-02

.187e-02

.969e-02

.969e-02

.519e-01

.519e-01

.523e-02

.324e-02

.519e-01

.249e-01

.274e-01

.532e-01

.710e-01

.915e-01

.593e-02 -1.

.119%e-02

.017e-01

.642e-02

.307e-02

.634e-01

.701e-01

.843e-02

.168e-02

.003e-01

.082e-02

.735e-01

.132e-01

.297e-02

.411e-01

.490e-01

.291e-01

.836e-02

.169e-01

.542e-01

.649e-01

.313e-02

.544e-03

.177e-02

.257e-03

243e-02

.1592684

.0756182

.0983490

.0720461

.2855188

.1211944

.2859688

.0074241

.0028427

.2576152

.1408304

.0985540

.0625584

.0757099

.0938493

.1150121

.0027313

.0002992

.1208635

.0494310

.3639258

.3032055

.1433286

.1964196

.0129411

.2725134

.0447998

.0548153

.2339226

.2113854

.3390356

.0545421

.1674740

.2423244

.0887715

.0235338

.0046735

.0327642

.3436267

.0894486

.0853169

.6993080

.7310116

.1071370

.0185084

.1389354

.1598692

.5661227

.3863852

.0088663

136



0647849
## row28
0209462
## row29
3096797
## row30
2615908
## row3l
0661320
## row32
2932898
## row33
0481413
## row34
2893102
## row35
2156664
## row36
1792159
## row37
0346441
## row38
2593341
## row39
0870104
## row4eo
0576707
## row4l
0524482
## row42
1758715
## rowd3
0754330
## rowd4d
1662097
## row45
1627630
## row46é
0186424
## rowd7
2532494
## row48
4643795
## row49
5114366
## row50
4375590
## row51
1321546

-0.

-0.

.1547090

.1547090

.2388211

.3635458

.5339711

.0098871

0098871

.2927464

.3576918

.2541708

.1491303

.3571774

.5558333

.1650987

.1356726

.0645243

0645243

.1791008

.0950763

.1694459

.4848239

.4557960

.0580200

.0341750

-1.

.714e-01

.714e-01

.159%e-01

.111e-01

.606e-02

.608e-02

.608e-02

.092e-01

.458e-01

.716e-01

.431e-01

925e-01

.227e-02

.190e-02

.405e-01

.326e-06

.326e-06

.388e-01

.504e-01

.984e-01

.501e-01

.574e-01

.090e-02

.941e-01

.973e-02

.147e-01

.875e-01

.43%e-02

.934e-01

.794e-01

.695e-01

.389%e-02

.581e-01

.643e-01

.978e-02

.248e-02

.751e-01

.191e-02

.081e-01

.414e-01

.053e-01

.371e-05

.333e-02

.000e-01

.853e-01

.910e-01

.798e-02

.850e-01

.0361072

.2072205

.0806116

.0329507

.1197812

.1583847

.0957656

.3148034

.0952531

.0311765

.1463492

.1229301

.0767793

.1571947

.1275855

.2553624

.2497383

.0548319

.0131810

.0478048

.2574740

.2664020

.4402519

.2238746

-0.

.0463888

.2180879

.2007819

.5103130

.3614195

.0823948

.2607766

.1034214

.0806731

.0092977

.5275183

.3966216

.6747238

.5228886

.2623933

1141328

.1018768

.0290353

.0749684

.0081376

.0040828

.0594818

.2398949

.1962521

137

-0.



## row52
0092999
## row53
2856908
## row54
1852478
## row55
2496078
## row56
5681046
## row57
4827923
## row58
6603390
## row59
4207097
## row6o
0761540
## row6l
3306185
## row6b2
0354592
## row63
0457271
## rowé4d
1065061
## row65
1328753
## row66
2850913
## rowé7
1520383
## row68
6677396
## row69
4464346
## row70
2439770
## row71
3031854
## row72
2933237
## row73
0373616
## row74
2685636
## row75
2622801
## row76

.0275299

.1128926

.3146722

.1370138

.4841320

.4557960

.4502186

.0526229

.0526229

.0139430

.0332967

.2278770

.3339032

.2018551

.1482151

.4431394

.4597668

.4363207

.4574207

.0389812

.2187624

.3078756

.4072004

.3719384

.1389153 -3.

.525e-01

.861e-02

.851e-01

.177e-01

.267e-01

.574e-01

.379%e-01

.730e-01

.730e-01

.060e-02

.389%e-01

.705e-01

.024e-01

.035e-01

.868e-01

.395e-03

.272e-01

.093e-01

.925e-02

.533e-01

.273e-01

.540e-01

.297e-02

.891e-01

534e-02 -4.

.777e-01

.496e-01

.213e-01

.295e-02

.984e-01

.446e-01

.662e-01

.097e-01

.661le-01

.63%e-01

.896e-01

.682e-01

.757e-01

.490e-02

.293e-02

.709e-02

.992e-01

.762e-01

.864e-02

.052e-01

.683e-02

.358e-01

.122e-02

.177e-02

174e-02

.0386092

.0898869

.1296680

.1227870

.2475628

.2805515

.1889800

.4188706

.2368215

.0211679

.0782281

. 2400309

.0645583

.2550007

.1918574

.0699437

.2400188

.2758654

.1551699

.0422674

.3757153

.0784098

.0628574

.2171241

.0393228

-0

.1722640

.3192269

.1588238

.4731731

.0823021

.1459925

.0820810

.0002829

.1411109

.1535612

.1797895

.0018544

.2157796

.4350815

.5071834

.5741294

.1537244

.2069380

.2216037

.2431409

.0695379

.0296264

.3101850

.0102360

.3311589

138



0656610
## row77 -0
0868964
## row78 -0
2652030
## row79 -0
4003081
## row80 0
1566219
## row8l 0
1615099
## row82 0
1950768
## row83 0
1735667
## row84 -0
0380200
## row85 -0
0154332
## row86 -0
2777874
## row87 -0
1510672
## row88 0
2172046
## row89 0
1164078
## row9e 0
1660391
## row9l 0
0691493
## row92 -0
4171313
## row93 -0
3983251
## row94 -0
2019583
## row9s 0
2150748
## row96 0
2881529
## row97 -0
2891481
## row98 -0.
0229867
## row99 -0.
1146818
## rowloo -0.

0970700

.0683222

.1004149

.0932675

.0178595

.1204927

.0169655

.0920350

.0920350

.2938791

.2938791

.2100184

.0393806

.0337239

.1643925

.0645885

.1216132

.1216132

.0615777

.0088667

.0803081

1666377

1666377

2395524

-1

-1

.5489052 -4

2

.680e-01

.245e-01

.801e-02

.481e-01

.302e-01

.397e-01

.992e-01

.202e-01

.202e-01

.046e-02

.046e-02

.667e-01

.528e-01

.087e-01

.636e-01

.383e-01

.155e-01

.155e-01

.025e-01

.620e-01

.328e-01

.902e-01

.902e-01

.943e-01

.685e-01

.873e-01

.296e-02

.236e-02

.283e-02

.920e-02

.884e-01

.493e-02

.230e-01

.084e-01

.293e-01

.019%e-02

.993e-02

.184e-02

.383e-01

.852e-01

.529e-01

.589%e-01

.599e-02

.937e-01

.897e-01

.510e-01

.196e-02

.546e-03

.3238089

.0636596

.3366152

.3215840

.1721758

.2300912

.1006717

.2954548

.0095748

.2154676

.1942573

.2893902

.3834043

.3642813

.1443087

.1731822

.3979543

.4446637

.1034910

.1658896

.0581855

.0910504

.0494065

.0114063

.1114694

.0398395

.2528081

.1376463

.3308382

.0114792

.2637695

.0348875

.1516805

.0491990

.0951527

.1736247

.1242485

.2208707

.2055776

.0661943

.0789296

.1364447

.2308431

.0815346

.4693016

.1213577

.0723954

.0325578

139

-0.

-0.



## rowlol
0867869
## rowle2
2058150
## rowle3
1287492
## rowle4d
0609931
## rowl@5
1007850
## rowle6
1682890
## rowle?7
2763267
## rowle8
2956827
## rowle9
3076270
## rowllo
3759550
## rowlll
1889270
## rowll2
3018640
## rowll3
0329822
## rowllsd
3054223
## rowll5
0246794
## rowllé
2793465
## rowll?
0802537
## rowllS8
0411419
## rowllS
1420492
## rowl20
3965692
## rowl2l
3371633
## rowl22
3077577
## rowl23
1618158
## rowl24
0965411
## rowl25

-0.

-0.

.0193690

.0174988

.0053870

.0845538

.1794889

.1109025

.0903979

.1068130

.1036542

.0128492

.1596901

.3314460

.2040536

3083257

.1898732

.0001058

.1427707

.1421268

.1398326

.0446450

.0703757

.0364203

.1842640

2985289

.3832938

.665e-01

.835e-01

.851e-01

.926e-02

.346e-01

.944e-02

.504e-01

.855e-02

.955e-02

.807e-03

.335e-01

.581e-01

.347e-01

.707e-01

.980e-02

.754e-01

.338e-01

.189e-02

.118e-01

.133e-02

.110e-02

.450e-01

.973e-01

.354e-01

.122e-01

.871e-01

.287e-01

.796e-02

.144e-02

.664e-01

.734e-02

.494e-01

.992e-01

.975e-01

.826e-02

.018e-01

.656e-02

.483e-02

.118e-02

.135e-03

.011e-01

.692e-04

.188e-02

.661le-01

.606e-01

.882e-01

.896e-01

.206e-01

.828e-02

.173e-01

-0.

.2427486

.2464242

.5133568

.2255582

.0642278

.2795930

.1391938

.0619746

.1308851

.0749900

.1060811

.0723294

.0736938

.1221380

.2685611

.3393897

2955510

.3192560

.2074493

.0793364

.0878590

.0886232

.2145449

.0639759

.0488738

.1938506

.1154259

.3947230

.0364061

.1678152

.1008711

.1585812

.1353856

.0889723

.2160744

.5115118

.3329659

.0264496

.2471083

.1127829

.1266022

.4013961

.0071071

.0479742

.3079435

.3415024

.3211023

.2819618

.0062442

.4053325

140



2848126
## rowl26
1823376
## rowl2?7
1142340
## rowl28
0652364
## rowl29
0266291
## rowl30
3788983
## rowl3l
0673063
## rowl32
2440576
## rowl33
1366064
## rowl34
2539337
## rowl35
0045908
## rowl36
0336037
## rowl37
0166581
## rowl38
0823503
## rowl39
0859453
## rowl4o
1675118
## rowldl
0468448
## rowl4d?2
0190022
## rowl4d3
0101566
## rowld4d
1084810
## rowl45
0785619
## rowldeé
2087492
## rowld?7
4358164
## rowl4ds8
5459519
## rowl4o
0402478

-0

-0

.4766281 -5.

.1216303

.0876036

.2456054

.3269933

.0354844

.0515734

.0961475

.1074446

.0430603

.0690178

.1964843

.1911398

.1994406

.2694781

.4240070

.0603974

.1735871

.2708833

.1534961

.1892882

.1333295

.2260897

.0270408

1

4

737e-02

.119e-01

.060e-02

.236e-02

.947e-02

.245e-01

.825e-01

.739%e-02

.362e-02

.600e-01

.319e-01

.475e-01

.587e-01

.957e-01

.906e-01

.588e-01

.351e-01

.790e-02

.340e-01

.328e-02

.099e-01

.299e-01

.337e-02

.919%e-01

.280e-02

.109%e-01

.890e-01

.620e-02

.991e-02

.528e-01

.890e-02

.836e-01

.517e-01

.994e-03

.768e-01

.119%e-01

.363e-01

.889%e-01

.650e-01

.626e-01

.968e-01

.498e-01

.469e-01

.952e-01

.163e-02

.830e-01

.027e-01

.931e-01

.2960714

.0387296

.1852815

.2597042

.0376867

.2362169

.2304744

.3278893

.0725933

.3422338

.2508836

.1161068

.0782269

.2447668

.1799253

.0476115

.2009103

.3080192

.2503879

.0783739

.2787833

.4708423

.3230993

.0152889

.0425320

.0797806

.0308002

.2238748

.1658841

.3766136

.1066203

.1076721

.2549865

.0946410

.0247417

.1201550

.0401237

.0897872

.0428844

.0680801

.0672407

.0744872

.0434273

.2290886

.4813830

.2386021

.3508648

.0675947

141



## rowl50
0946976
## rowl51
1231675
## rowl52
0540524
## rowl53
1401002
## rowl54
2472907
## rowl55
3477797
## rowl56
0635822
## rowl57
0612187
## rowl58
1409518
## rowlb59
1136501
## rowl60
0631155
## rowl6l
2404947
## rowl62
0247413
## rowl63
0997056
## rowlée4d
3565282
## rowl65
1646256
## rowl66
0386532
## rowl6?7
2519551
## rowl68
0505808
## rowl69
2843692
## rowl70
2524128
## rowl71
2686261
## rowl72
0541217
## rowl73
0100351
## rowl74

.0050176

.0578401

.0329802

.1710344

.2150844

.2150844

.2861410

.2255863

.1251539

.2929960

.2321150

.0684145

.0084382

.0376139

.0077485

.0439417

.2362726

.2325257

.0905585

.2627517

.5564589

.2553241

.0245035

.2811262

.2058251

-5.

-1.

-2.

-2.

-3.

-1.

.902e-01

.069e-02

223e-02

558e-01

248e-01

248e-01

787e-01

686e-01

.002e-01

.260e-02

.819%e-02

.702e-02

.201e-02

.572e-02

.787e-02

.382e-02

.028e-01

.392e-01

.440e-02

.041e-01

.380e-02

.410e-01

.533e-01

.629e-02

.195e-01

.967e-01

.509e-01

.107e-01

.961e-01

.842e-01

.757e-01

.069e-01

.78%e-01

.989%e-01

.402e-01

.747e-01

.510e-01

.734e-01

.556e-01

.526e-01

.818e-01

.193e-01

.394e-02

.897e-01

.096e-02

.482e-03

.941e-01

.573e-01

.837e-01

.815e-01

.3149206

.3835602

.3632518

.1237080

.0290298

.0040751

.1326844

.0838715

.2450727

.3313243

.2532785

.0924118

.3364537

.2737691

.1525799

.3059217

.2118367

.1652846

.0024086

.0836281

.0552587

.0155194

.0723228

.3387271

.1094090

-0.

-0.

.0571322

.1926320

.0655772

.0196804

.0437505

.2686190

0835722

.0564316

.0295420

.0501595

.0782537

.0031924

.0297155

.0421197

.1164599

.0229037

.0463563

.2118961

.1710276

.2906982

.1592211

3841555

.0499608

.0378603

.0453654

142



1499412
## rowl75
2840937
## rowl76
0477564
## rowl77
5214112
## rowl78
1827649
## rowl79
2197969
## rowl80
1343728
## rowl81
1088691
## rowl82
0360201
## rowl83
0723519
## rowl84
2075530
## rowl85
1491010
## rowl86
2899372
## rowl87
3250236
## rowl88
0933296
## rowl89
0275054
## rowl90
0287904
## rowlol
1763494
## rowl92
0565297
## rowl93
0006761
## rowl94
5580728
## rowl95
2932807
## rowl9o6
1464276
## rowl97
2085390
## rowl98
1931488

-0.

Q.

Q.

Q.

-0

-0

.1659934 -1.

.2809977 -3.

.2841331

.0304306

.0062296

.0511259

.0449794

.1331172

.0796051

0257224

.0848816

.1183389

.2801599

.5694009

.0662274

.2602532

.2400239

.1493935

. 2824003

2442489

0619920

0891841

.1254374

.1119708

1

-2

-8.

-3

=7 c

812e-01 -1.

167e-02

.592e-01

.731e-02

.858e-01

.505e-02

.645e-02

.569e-01

.918e-02

540e-02

.250e-01

.584e-01

.929%e-01

.464e-02

.481e-03

.432e-02

.402e-02

.456e-01

.513e-01

.456e-02

.073e-02

.166e-01

041e-03

.100e-02

1

.050e-01

.102e-03

.044e-01

.686e-02

.960e-01

339e-01 -0.

.018e-03 -0.

.537e-01 -0.

.456e-01 0.

.321e-01 ©.

.566e-01 0.

.927e-01 0.

.948e-01 0.

.827e-01 0.

.827e-01 0.

.026e-01 0.

.991e-02 0.

.081e-01 0.

.443e-02 0.

.609e-01 0.

.047e-01 0.

.954e-01 0.

.225e-01 0.

.017e-01 0.

.2629571

.0863590

.3285947

2144204 -0

3094155 -0

1561876 ©.

0833258 0.

0937375 0.

2082967 0.

3528895

.0954796 0.

2070932

2869072

2476965 0.

0388977 0.

1376177

1942889

1346167 ©.

0114876 ©.

.3508711 0.

2120545 0.

3627929 0.

2774189

2289939

-0.

-0.

.4421179

.2124636

2322781

2219230

1520730

1775396

.1137267

3203395

.0537075

.1713809

0802542

1252628

.3414578

.1126484

.0173165

3043911

0517742

1671763

1499981

3142638

1999857

1549010

.1471488

.2714664

143



## rowl99
1069861
## row200
1997471
## row201
0345269
## row202
0224541
## row203
0400030
## row204
2012441
## row205
0246950
## row206
0798133
## row207
0401336
## row208
1234741
## row209
1750597
## row210
1139289
## row2ll
0865409
## row2l2
2523696
## row2l3
0491855
## row2l4d
1373813
## row2l5
0933976
## row2l6
1118215
## row2l7
0889148
## row2l8
3793889
## row2l9
1214833
## row220
1741406
## row221
1225193
## row222
3135358
## row223

-0.

.1000223

.1075602

.2243733

.2243733

.3047971

3573369

.5588096

.1706309

.2489711

.2280392

.1308463

.1692430

.2235659

.1182898

.0101324

.0483743

.0893044

.0773508

.0990042

.0046054

.0046054

.0350841

.1033782

.1317893

.1317893

-1

-3.

-3.

.482e-02

.138e-01

.345e-01

.345e-01

.888e-01

.253e-01

.523e-02

.171e-01

.976e-01

.052e-01

.661e-01

.523e-01

.802e-01

.805e-01

.921e-01

.076e-01

.880e-01

.841e-02

.560e-01

374e-02

374e-02

.533e-01

.061e-01

.562e-01

.562e-01

.193e-01

.000e-01

.173e-01

.837e-01

.958e-03

.221e-02

.034e-02

.255e-01

.872e-01

.055e-01

.235e-01

.864e-01

.890e-01

.159e-01

.816e-01

.135e-01

.042e-02

.007e-01

.287e-01

.993e-01

.298e-01

.513e-01

.391e-01

.690e-02

.623e-02

.1392795

.2370083

.0753300

.0973551

.0623121

.1924770

.1677094

.3357847

.3065937

.2528690

.0317167

.1587695

.0966456

.2807754

.3064016

.1671255

.0656518

.2078541

.3057795

.1329058

.2846758

.0821753

.2826699

.3791809

.3555447

.2487295

.2746196

.1375309

.1390133

.0583791

.0483007

.0301824

.1527557

.0085620

.0117014

.0073626

.0873024

.1501080

.0176540

.0493375

.2693863

.2973356

.2097290

.2614404

.1908263

.0733827

.1058997

.0593396

.2964554

.1984113

144

-0.



2862006
## row224
1153361
## row225
2416541
## row226
0133875
## row227
0471017
## row228
0342521
## row229
3615223
## row230
2589023
## row231
2930790
## row232
0406659
## row233
1179410
## row234
2454670
## row235
4509179
## row236
3728647
## row237
3154842
## row238
2954722
## row239
2122650
## row240
3805603
## row241
2343314
## row242
3353486
## row243
2697680
## row244
0722148
## row245
0834440
## row246
1150581
## row247
0268655

Q.

Q.

Q.

-0.

0893556

1316877

2784631

.0961011

.1692163

.3016550

.3016550

.1160846

.0292902

.0646583

.0423517

.0517226

.1251055

.0918536

.2326216

.5417262

.0618410

.2149272

.1149337

.1552593

0121202

.1687487

.0254753

.0462778

.924e-01

.482e-01

.754e-02

.318e-01

.087e-01

.518e-01

.518e-01

.510e-02

.451e-01

.015e-01

.403e-01

.335e-01

.077e-02

.011e-01

.067e-01

.208e-02

.824e-01

.742e-01

.724e-02

.755e-01

.746e-01

.511e-03

.087e-01

.269e-01

.193e-02

.646e-02

.923e-02

.878e-02

.983e-02

.202e-01

.321e-01

.133e-02

.602e-01

.606e-01

.257e-02

.180e-02

.946e-02

.987e-01

.364e-01

.322e-02

.195e-02

.775e-04

.105e-01

.661e-02

.562e-01

.030e-02

.955e-02

.229%e-02

-0.

.3027663

.3409779

.3161562

.0107140

.2961631

.2378998

.2404392

.1837105

.2363586

.1992052

. 2005968

.2542070

.3220520 0.

.0484564 0.

.3211589 0.

.2351202 0.

.2306901 0.

.3472341 0.

1869604

.1135934 0.

.0789870 0.

.2508112 0.

.2917922 0.

.2172121 -0

-0.

.0184460

2276743

0222574

.0980300

.0966533

1110717

.0564160

0172983

.0170242

0034929

.2134254

.3734401

.2947638

.3784944

.2554170

.2350914

3649009

3764637

.0806626

3354718

0609880

0067282

2782775

.0032390

145

-0.

-0.

-0.



## row248
0195254
## row249
1915107
## row250
2566310
## row251
2364299
## row252
4040685
## row253
0173185
## row254
1690614
## row255
1457162
## row256
0284919
## row257
2787072
## row258
5856795
## row259
2792371
## row260
0689050
## row261
1083196
## row262
1523235
## row263
1278403
## row264
2906172
## row265
2222606
## row266
3995667
## row267
1542831
## row268
1778452
## row269
0823526
## row270
2021167
## row271
2974301
## row272

.2721769

.1397284

.0442032

.0442032

.1885269

.5629034

.2433578

.0927618

.0026881

.0546040

.2149272

.1571774

.1516497

.0181559

.0532692

.4045109

.2562481

.2137431

.2137431

.0964343

.2670943

.0166782

.2433578

.0280291

.1230311

2

1.

-1.

-3.

.409%e-01

822e-01

.306e-02

.306e-02

.909%e-01

043e-02

.851e-02

.464e-01

.102e-01

.065e-01

.742e-01

217e-01

.236e-01

.738e-01

.742e-01

.896e-01

.104e-01

.940e-02

.940e-02

.015e-01

.154e-01

.218e-01

.851e-02

.996e-01

.688e-01

.827e-03

.614e-02

.268e-02

.586e-02

.577e-02

.545e-02

.661e-02

.619e-02

.897e-01

.363e-01

.016e-01 0.

.458e-01 0.

.710e-01 ©.

.270e-01 0.

.416e-03 0.

.394e-01 0.

.325e-01 0.

.366e-01 ©O

.230e-01 0.

.064e-01 0.

.269e-02 0.

.864e-02 0.

.092e-01 0.

.213e-02 -0

.579%e-02 -0.

3711050

1772564

0371362

2878169

1476099

.2837189

1910489

.2928243

.5048929

.3765949

.3108348

.2399073

1885837

.2357878

.2421764

.4968690

.0588295

3108215

1657424

0755240

0635652

.0793891

0371457

.4210582

1197772

-0.

.0346109

0281205

.2279452

.2537308

.3028266

.1040994

.1022432

.1833784

.0721435

.3638965

.4000790

.0232505

.4461095

.1370599

.1657991

.0414879

.0441730

.2043793

.2118734

.2131303

.2059852

.3372462

.2306531

.1915996

.3920739

146

-0.

-0.

Q.

Q.



1473295
## row273
0085640
## row274
3858705
## row275
0050746
## row276
0706267
## row277
2708906
## row278
2665968
## row279
3397830
## row280
0646901
## row281
0545655
## row282
0746032
## row283
0407426
## row284
1339014
## row285
4189173
## row286
1568185
## row287
1436790
## row288
1779792
## row289
2333113
## row290
1970800
## row291
3176376
## row292
3618973
## row293
2726689
## row294
2399519
## row295
1088391
## row296
4478111

Q.

Q.

Q.

-0.

1230311

1718645

3655623

.2952661

.0006716

.0178170

.1242669

.1814727

.5435987

.0994641

.0186165

.1597582

.1597582

.0715496

.2092914

.2019198

.2535424

.2847452

.0550738

.0197155

.0932453

0052129

.0420275

.1090460

-1

.559e-02

.164e-01

.973e-01

.135e-01

.866e-02

.317e-01

.855e-01

.954e-01

.688e-01 -2

.888e-01 3.

.962e-02 9.

.717e-02 6.

.355e-03 2.

.188e-02 2.

.909%e-02 3.

.242e-01 2

.881e-02 9.

.973e-01 3.

.479e-01 7.

.401e-01 4.

.027e-01 3.

.552e-01 2.

.770e-02 3.

.317e-01 3.

.056e-01

634e-01

534e-02

754e-02

148e-01

214e-01

668e-02

.405e-01

500e-04

.609e-01

.939%e-01

.232e-02

102e-02

118e-02

.35%e-01

.421e-01

012e-02

.040e-03

144e-01

603e-01

050e-02

.235e-02

.329%e-01

358e-02

-0.

.0145286

.1894490

.0961660

.1891631

.2656532

.1629222

.1260044

.2421297

2483441

.1413117

.1399987

.3014480

.1994188

.0428418

.0614933

.1005785

.2004878

.2487479

.1149012

.2451711

.2059198

.0831323

.0494894

.2116214

.3231762

.1571291

.0599228

.2127665

.1499227

.1740621

.3412572

.0348974

.0908877

.0276394

.3227035

.2968907

.4728240

.4161379

.3183160

.0212307

.1862329

.1289742

.1106649

.4773575

.2308911

.3953253

.2812827

.4508355

147

Q.

-0.

-0.

-0.

Q.



## row297
2961795
## row298
0474685
## row299
1878689
## row300
0306645
## row301
1483181
## row302
3069170
## row303
4079961
## row304
4054053
## row305
1500190
## row306
1359118
## row307
1929199
## row308
1598026
## row309
0780836
## row310
1089654
## row31ll
0792457
## row312
1310563
## row313
1190991
## row3l4d
0873229
## row315
2048816
## row3l6
0428210
## row3l7
1300537
## row318
1987510
## row319
2574161
## row320
1667477
## row321

.0555939

.1213878

.1627547

.0728104

.3050552

.2350637

.2394658

.1487677

.2092914

.0954783

.0763165

.0041495

.0836929

.1371155

.1868383

.1663168

.0696305

.2907607

.2907607

.4811928

.0257537

.1497847

.1615986

.1298226

.2061893

.538e-01

.687e-01

.034e-01

.450e-02

.690e-01

.636e-01

.634e-01

.768e-02

.135e-01

.185e-01

.665e-02

.633e-01

.994e-01

.958e-01

.232e-01

.467e-02

.503e-01

.720e-01

.720e-01

.402e-01

.372e-01

.300e-01

.966e-02

.960e-01

.551e-02

.064e-01

.731e-02

.041e-02

.904e-01

.079%e-01

.730e-02

.571e-02

.186e-01

.634e-01

.075e-01

.830e-02

.299%e-01

.384e-02

.358e-02

.608e-01

.561le-01

.774e-01

.787e-02

.297e-02

.147e-02

.377e-01

.886e-02

.674e-02

.954e-02

.351e-02

.3061212

.0060133

.2102351

.0254133

.1661707

.1858056

.0855608

.1837403

.0983013

.0986699

.1591823

.2025632

.2049044

.3101236

.1024394

.1646128

.2625826

.0036324

.0214539

.1903028

.0431031

.3354939

.1794617

.2268814

.0255926

.1356819

.1225089

.1873295

.3097264

.0561373

.1573401

.3772195

.3623480

.1391350

.0740658

.0740195

.0310174

.0328953

.0482173

.0421049

.1172527

.0940482

.4498647

.2146492

.1094555

.1916476

.1984641

.3296267

.1130847

.2244267

148



1969638
## row322
2486883
## row323
2784200
## row324
0303453
## row325
2709115
## row326
2069965
## row327
1474171
## row328
2873606
## row329
1683570
## row330
2757186
## row331
0854565
## row332
1573228
## row333
1973167
## row334
0523795
## row335
2482353
## row336
1048170
## row337
1365972
## row338
0885922
## row339
1010411
## row340
0697959
## row341
0507951
## row342
0027476
## row343
0959181
## row344
0062816
## row345
1362739

-0

Q.

Q.

Q.

-0.

-0.

.0493579

0397069

0690591

1247549

.1957106

.3778478

.4725637

.4041890

.1837819

.3601083

.0122027

.0361510

0406412

.1195621

.0817127

.0424174

.0721192

.0036732

.0670300

.0357419

.2335173

.0272044

0136254

.1216303

.051e-01

.592e-01

.648e-01

.756e-02

.230e-02

.936e-01

.193e-01

.756e-01

.318e-02

.217e-01

.063e-01

.022e-01

.527e-01

.228e-01

.428e-01

.916e-01

.062e-01

.179e-01

.706e-01

.653e-01

.557e-01

.830e-01

.630e-01

.119e-01

.952e-01

.782e-02

.277e-01

.381e-02

.116e-01

.026e-01

.799e-02

.875e-02

.420e-01

.031e-01

.912e-01

.198e-01

.089%e-01

.883e-02

.682e-01

.763e-02

.742e-01

.257e-01

.619e-01

.913e-01

.295e-01

.312e-01

.626e-01

.37%e-01

.2129033

.1255414

.0954488

.2467764

.1217310

.3147719

.2607538

.2063914

.0775184

.1642943

.0004458

.1740281

.0162442

.2866334

.0927415

.3677030

.0155985

.0098588

.0818981

.0122900

.0330094

.0575309

.1577793

.1769067

-0.

9.

Q.

-0

-0.

Q.

Q.

-0.

-0.

-0.

1456806

0637406

0184955

.4918892

3051237

3224880

1563539

2566489

3372923

.1917616

.0480493

.1625558

.0383273

2186847

.1107771

.1401633

.0502391

.0130005

.1344905

.0222664

.1417705

.0350474

.0659636

.0682505

149

-0.



## row346
0242383
## row347
1785453
## row348
0732537
## row349
1661616
## row350
0109303
## row351
0188710
## row352
0186936
## row353
0492649
## row354
0841154
## row355
1554344
## row356
1372061
## row357
0105744
## row358
0476007
## row359
0848041
## row360
0424291
## row361
1128584
## row362
0837725
## row363
0117563
## row364
0597444
## row365
1482148
## row366
0660755
## row367
0548594
## row368
0148273
## row369
0471182
## row370

.0565421

.1457687

.0136254

.0876036

.1879606

.3168261

.1098702

.1415020

.2413650

.2160471

.1875179

.0036831

.0252013

.0561467

.0296910

.0462332

. 2089906

.0767910

.0767910

.4292477

.3067247

.0125557

.0125557

.0296910

.0887360

.673e-02

.748e-01

.630e-01

.060e-02

.506e-01

.981e-01

.346e-01

.063e-02

.501e-01

.885e-01

.015e-01

.793e-01

.578e-01

.477e-01

.310e-01

.642e-02

.082e-02

.066e-01

.066e-01

.983e-01

.654e-01

.799%e-01

.799e-01

.310e-01

.540e-02

.721e-01

.130e-01

.037e-01

.668e-01

.478e-01

.040e-01

.294e-01

.235e-01

.178e-01

.925e-01

.217e-01

.041e-01

.148e-01

.013e-01

.506e-01

.395e-01

.738e-01

.672e-02

.203e-01

.983e-01

.712e-01

.739%e-01

.394e-01

.519%e-01

.456e-01

.2168524

.1442756

.1040434

.0696335

.0748502

.1279295

.1096577

.2887699

.0105986

.0010086

.0081904

.2005010

.1119280

.0771389

.1309965

.1276867

.1264981

.2722089

.3281453

.1466902

.1427093

.1628264

.0593560

.1731819

.1212960

.0663800

.0152198

.0844215

.1037720

.0443362

.0967059

.1067464

.0590078

.0853915

.0744513

.0710458

.1067114

.0554695

.0491685

.0870747

.0870617

.0100287

.1556110

.1533518

.0919047

.0313154

.0158522

.0195063

.1189899

.0835381
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0546197
## row371
1289918
## row372
0402653
## row373
0132088
## row374
0873284
## row375
0249595
## row376
1498246
## row377
0022554
## row378
1148197
## row379
0817570
## row380
0538997
## row381
0657545
## row382
0046638
## row383
0583582
## row384
0466450
## row385
0754871
## row386
1172322
## row387
1029660
## row388
0953373
## row389
1087355
## row390
0634503
## row391
1371291
## row392
1249927
## row393
1348903
## row394
0865008

.1251539

.1861697

.1668867

.2929960

.2974021

.1256340

.2750421

.2622270

.1340190

.1340190

.1528812

.2974021

.2750421

.2622270

.1340190

.0837327

.1690155

.1954943

.1538960

.0500354

.1668734

.0026480

.0662274

.1189219

.002e-01

.360e-02

.668e-02

.260e-02

.496e-01

.426e-01

.720e-01

.651e-01

.635e-02

.635e-02

.541e-01

.496e-01

.720e-01

.651e-01

.635e-02

.565e-01

.522e-02

.824e-02

.209%e-01

.499e-01

.958e-01

.587e-02

.481e-03

.364e-03

.458e-01

.246e-01

.979%e-01

.904e-01

.249e-01

.477e-01

.691e-01

.245e-01

.244e-01

.559e-01

.478e-01

.315e-01

.754e-01

.568e-01

.077e-01

.873e-01

.322e-01

.229%e-01

.950e-01

.834e-01

.801e-01

.916e-01

.099%e-01

.710e-01

.1646618

.3019158

.3054687

.2745163

.0939291

.0537940

.2045047

.0075852

.2862012

.2547517

.1307106

.1501093

.0838538

.0178815

.2537831

.1474601

.0549107

.3613070

.0835657

.0029947

.0021596

.1337777

.1843101

.1061733

.0512198

.0665971

.0165957

.0590707

.0298112

.0719116

.0722768

.0869008

.0372968

.0676635

.2069684

.0410792

.0906406

.1195547

.1138727

.1125082

.0981670

.0543069

.1127128

.0609547

.0761178

.0224931

.0007311

.1262350
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## row395
0229193
## row396
0527031
## row397
1717279
## row398
2289558
## row399
1170225
## row400
1107608
## row40l
0406807
## row402
1444217
## row403
0877470
## row4oe4
0566156
## rowde5
0988141
## row406
0368998
## row407
4385907
## row408
0171326
## row409
3839959
## row4lo
0211197
## row4ll
1477163
## row4l2
1318480
## row4l3
1066651
## row4lsd
3313752
## rowdl5
2230556
## row4lé
1061439
## row4dl7
1215599
##

##

## Biplot

0.0185785

0.0350841

0.0767910

0.0767910

0.0738839

0.0352179

0.0577775

0.1055856

0.0360584

0.1055856

.0007242

.0054329

0.1387167

0.1195621

0.2044175

0.2044175

0.0994641

0.0994641

.0054329

0.0555528

0.0555528

.4766281

.4041890

scores for constraining variables

.854e-02

.533e-01

.066e-01

.066e-01

.843e-02

.667e-02

.882e-02

.472e-02

.034e-02

.472e-02

.361e-01

.016e-02

.917e-01

.228e-01

.741e-02

.741e-02

.559e-02

.559e-02

.016e-02

.033e-01

.033e-01

.737e-02

.756e-01

.636e-01

.341e-01

.014e-01

.287e-01

.902e-01

.577e-01

.499%e-01

.920e-01

.644e-01

.907e-01

.750e-01

.005e-01

.058e-03

.084e-01

.551e-01

.825e-01

.313e-02

.264e-01

.058e-01

.278e-01

.812e-01

.615e-02

.710e-02

.2663653

.4816169

.1083193

.2011268 0.

.2209991 0.

.2410308 0.

.2278822 0.

.2457587 0.

.1774877 0.

.2759179 0.

.2202518 0.

.2313020 0.

.2737005 0.

.1403306 0.

.3594957 0.

.2084262 0.

.2645575 0.

.2743248 0.

.1354262 ©O.

.1986050 0.

.0578948 0.

.2690893 -0.

.2074297 -0.

0783115

1803378

0487115

.2805819

0439496

0841843

0113380

0778414

1093809

0812285

1355194

0873335

2427913

.1007727

3474323

1083676

.0573447

2093527

0461216

2428654

2827060

0401608

1943617
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#i#t
H## RDA1 RDA2 PC1 PC2 PC3 PC4
## jes 0.8503 0.5263 (%} (%} (%} (%}
## guaranis -0.5788 0.8155 0 0 0 0
plot(ord_sp)
o ]
= guaranis
0 jes
g :
L]
3
T T e
w3
pi g
[]
T T T | T T T
15 10 05 0.0 0.5 1.0 15
RDA1

vif.cca(ord_sp)

Hit jes guaranis
## 1.003977 1.003977

sp_scores<-scores(ord_sp,
write.csv(sp_scores, file

"sp_rda_scores

## Warning in write.csv(sp_scores, file

ll,ll, dec

## = "."): attempt to set 'sep' ignored
## Warning in write.csv(sp_scores, file =
Il,ll, dec

## = "."): attempt to set 'dec' ignored

#abbreviates species names

spnames<-make.cepnames (colnames(sp))
ptcols <- brewer.pal(3, "Dark2")

fisio <- co_occ$fitofisionomia
rda.tab <- summary(ord_sp)$cont$importance

choices=c(1,2), display="species")

.csv", sep=",",

dec=".

)

"sp_rda_scores.csv", sep

"sp_rda_scores.csv", sep
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spe.cols <- ifelse(abs(scores(ord_sp, display="species", choice=1))

abs(scores(ord_sp, display="species"”, choice=2)) > 0.1, "black",

b) Cultural variables and speci

> 0.1 |
grey")
a) Cultural variables and sites
10 ° FED 1.0
—=— FOD
—— FOM
e
00
~
<
0
o
-0.6— 0.6+
1.0 1.0

— {FED
— FOD
— FOM

T T T T 1 |
04 08

RDA1 (5.2%)
Environmental Niche
library(raster)
## Loading required package: sp

library(sp)
library(rgeos)

H##
H##
H##
H##

GEOS runtime version:
Linking to sp version: 1.3-1
Polygon checking: TRUE

library(rgdal)

0.4

rgeos version: 0.3-28, (SVN revision 572)
3.6.1-CAPI-1.10.1 ro

## rgdal: version: 1.3-4, (SVN revision 766)
## Geospatial Data Abstraction Library extensions to R successfully

loaded

## S3 -

## Loaded GDAL runtime: GDAL 2.2.3, released 2017/11/20
## Path to GDAL shared files: C:/Users/aline/Documents/R/win-librar

y/3.5/rgdal/gdal

## GDAL binary built with GEOS: TRUE
## Loaded PR0OJ.4 runtime: Rel. 4.9.3, 15 August 2016, [PJ_VERSION:

493]
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#t# Path to PR0J.4 shared files: C:/Users/aline/Documents/R/win-1libr

ary/3.5/rgdal/proj
## Linking to sp version: 1.3-1

library(fields)

## Loading required package: spam

## Loading required package: dotCalle4
## Loading required package: grid

## Spam version 2.2-0 (2018-06-19) is loaded.

## Type 'help( Spam)' or 'demo( spam)' for a short introduction
## and overview of this package.

## Help for individual functions is also obtained by adding the
## suffix '.spam' to the function name, e.g. 'help( chol.spam)’.

H#it
## Attaching package: 'spam'

## The following objects are masked from 'package:base':
H#it
## backsolve, forwardsolve

## Loading required package: maps

H#it
## Attaching package: 'maps’

## The following object is masked from 'package:plyr':
#H#
## ozone

## See www.image.ucar.edu/~nychka/Fields for
## a vignette and other supplements.

library(shapefiles)
## Loading required package: foreign

H#it
## Attaching package: 'shapefiles'

## The following objects are masked from 'package:foreign':
H##
#i# read.dbf, write.dbf

library(maptools)
## Checking rgeos availability: TRUE

library(maps)
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occup<-shapefile("S3 BOTH_OCC.shp")#high probability of Souther-Je o
r Garani occurrence area, create in Qgis using the ENM results raste
rs by "Poligonize Raster" function.

occup<-spTransform(occup, CRS('+init=EPSG:31982"))
occup2<-spTransform(occup, CRS("+proj=longlat +datum=WGS84"))
ext_occup<-extent(occup)

ext_occup2<-extent(occup2)

#Import and standardize the most importat vabiables in ecological ni
che models: elevation, sea distance, main rivers distance, third ord
er (intermediate) rivers distance

elevation<-raster("hlk_dem.asc")#download file in Ambdata
projection(elevation)<-"+proj=longlat +datum=WGS84"
elevation<-crop(elevation,ext occup2)

limit occup2.r<-rasterize(occup2, elevation)
elevation<-elevation * limit_occup2.r
range(elevation)#min @ max 1681

## Warning in range(new("RasterLayer", file = new(".RasterFile", nam
e = Illl, 0
## Nothing to summarize if you provide a single RasterLayer; see cel

1Stats

## class : RasterLayer

## dimensions : 1550, 1210, 1875500 (nrow, ncol, ncell)

## resolution : 0.009, 0.009 (x, y)

## extent : -58.59033, -47.70033, -34.29333, -20.34333 (xmin,
Xmax, ymin, ymax)

## coord. ref. : +proj=longlat +datum=WGS84 +ellps=WGS84 +towgs84=0,
9,0

## data source : in memory

## names : layer

## values : 0, 1681 (min, max)

sea<-raster("S3 SEA.tif")

crs(sea) <- CRS('+init=EPSG:31982")
sea<-crop(sea,ext_occup)
limit_occup.r<-rasterize(occup,sea)
sea<-sea *limit_occup.r
sea<-sea*1@#correct metric
range(sea)#min © max 470

## Warning in range(new("RasterLayer", file = new(".RasterFile", nam
e = Illl) 0
## Nothing to summarize if you provide a single RasterLayer; see cel

1Stats

## class : RasterLayer
## dimensions : 1567, 1060, 1661020 (nrow, ncol, ncell)
## resolution : 1000, 1000 (X, Yy)
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## extent : -226589.5, 833410.5, 6183484, 7750484 (xmin, xmax,
ymin, ymax)

## coord. ref. : +init=EPSG:31982 +proj=utm +zone=22 +south +ellps=G
RS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs

## data source : in memory

## names : layer

## values : 0, 4706 (min, max)

main<-raster("S3 _MAIN.tif")

crs(main) <- CRS('+init=EPSG:31982")
main<-crop(main,ext_occup)
main<-resample(main,sea, method="bilinear")
main<-main *limit_occup.r

main<-main*10

range(main)#0-29

## Warning in range(new("RasterLayer", file = new(".RasterFile", nam
e = llllJ A
## Nothing to summarize if you provide a single RasterLayer; see cel

1Stats

## class : RasterlLayer

## dimensions : 1567, 1060, 1661020 (nrow, ncol, ncell)

## resolution : 1000, 1000 (X, Yy)

## extent : -226589.5, 833410.5, 6183484, 7750484 (xmin, xmax,
ymin, ymax)

## coord. ref. : +init=EPSG:31982 +proj=utm +zone=22 +south +ellps=G
RS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs

## data source : in memory

## names : layer

## values : 0, 290 (min, max)

third<-raster("S3 THIRD.tif")

crs(third) <- CRS('+init=EPSG:31982")
third<-crop(third,ext_occup)
third<-resample(third,sea, method="bilinear")
third<-third * limit_occup.r

third<-third*10

range(third)# 0 - 19

## Warning in range(new("RasterLayer"”, file = new(".RasterFile", nam
e - llll, :
## Nothing to summarize if you provide a single RasterLayer; see cel

1Stats

## class : RasterLayer

## dimensions : 1567, 1060, 1661020 (nrow, ncol, ncell)

## resolution : 1000, 1000 (X, Yy)

## extent : -226589.5, 833410.5, 6183484, 7750484 (xmin, xmax,
ymin, ymax)

## coord. ref. : +init=EPSG:31982 +proj=utm +zone=22 +south +ellps=G
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RS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs
## data source : in memory

## names : layer

## values : 0, 190 (min, max)

#Create 1000 random points into each cultural group area of highest
probability of occupation;

#to elevation

je_occ2<-shapefile("S3 JE.shp")
je_occ2<-spTransform(je_occ2, CRS('+init=EPSG:31982"))
ptsJe2 <- spsample(je_occ2, 1000, type = 'random")

gua_occ2<-shapefile("S3 GUA.shp")
gua_occ2<-spTransform(gua_occ2, CRS('+init=EPSG:31982"))
ptsGua2 <- spsample(gua_occ2, 1000, type = 'random")

#to other variables

je_occ<-shapefile("S3 JE.shp")
projection(je_occ)<-"+proj=longlat +datum=WGS84"
ptsJe <- spsample(je_occ, 1000, type = ‘random")

gua_occ<-shapefile("S3 GUA.shp")
projection(gua_occ)<-"+proj=longlat +datum=WGS84"
ptsGua <- spsample(gua_occ, 1000, type = 'random")

#Extract topographic and hydrographic values to each cultural group
points
ele je<-as.data.frame(extract(elevation,ptsJe2))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

ele_gua<-as.data.frame(extract(elevation,ptsGua2))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

# remove NA's

ele_je <- na.omit(ele_je)

ele gua<-na.omit(ele gua)

elevationJe<-write.csv(ele_je, file="elevation_je.csv", row.names=T)
elevationGua<-write.csv(ele gua, file="elevation_ guaranis.csv", row.
names=T)

main_je<-as.data.frame(extract(main,ptsle))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster
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main_gua<-as.data.frame(extract(main,ptsGua))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

main_je <- na.omit(main_je)

main_gua<-na.omit(main_gua)

main_river_je<-write.csv(main_je, file="main_riversJe.csv", row.name
s=T)

main_river_gua<-write.csv(main_gua, file="main_rivers_guaranis.csv",
row.names=T)

third_je<-as.data.frame(extract(third,ptsJe))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

third_gua<-as.data.frame(extract(third,ptsGua))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

third_je <- na.omit(third_je)

third_gua<-na.omit(third_gua)

third_rivers_je<-write.csv(third_je, file="third rivers_Je.csv", row
.names=T)

third_rivers_gua<-write.csv(third_gua, file="third _rivers_Guarani.cs
v", row.names=T)

sea_je<-as.data.frame(extract(sea,ptsle))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

sea_gua<-as.data.frame(extract(sea,ptsGua))

## Warning in .local(x, y, ...): Transforming SpatialPoints to the C
RS of the
## Raster

sea_je <- na.omit(sea_je)

sea_gua<-na.omit(sea_gua)

sea_dist_je<-write.csv(sea_je, file="seale.csv", row.names=T)
sea_dist_guagua<-write.csv(sea gua, file="seaGuarani.csv", row.names
=T)

#Tables with the values of each variable for the two cultural groups
were set up in an electronic spreadsheet, with one table for each va
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riable.

#Create Graphs
library(ggplot2)
values<-read.csv("S3 values.csv", header=T, sep=",", dec=".")

#create elevation graph
H<-values[,-c(3:5)]
names(H)<-c("cult","h")
head(H)

Hit cult h
## 1 guarani 512
## 2 guarani 196
## 3 guarani 155
## 4 guarani 197
## 5 guarani 288
## 6 guarani 757

breaks = c(0,250,500,750,1000,1250,1500, 1750)
labels = as.character(breaks)
plot.h = ggplot(H, aes(x=h, y=..density..)) +
geom_density(aes(fill=cult,color= 'h'), alpha=.5)+
geom_vline(aes(xintercept=mean(h)),color="darkorange",linetype="
solid",size=1)+
geom_vline(aes(xintercept=quantile(h,0.975)),color="darkorange",line
type="dashed",size=1)+
geom_vline(aes(xintercept=quantile(h,0.025)),color="darkorange",1lin
etype="dashed",size=1)+
geom_density(aes(h, fill=cult,color="h"),alpha=.5) +
geom_vline(aes(xintercept=mean(h)),color="black",linetype="solid
",size=1)+
geom_vline(aes(xintercept=quantile(h,0.975)),color="black",linet
ype="dashed",size=1) +
geom_vline(aes(xintercept=quantile(h,0.025)),color="black",linet
ype="dashed",size=1)+
geom_vline(xintercept = c(@, 1750), colour="gray70", linetype="d
ashed") +
scale_x_continuous(limits
= labels)+
scale_color_manual(values
)

c(@, 1750), breaks = breaks, labels

c('h' = '"darkorange', 'h "= "'black")

plot.h = plot.h + theme(panel.grid.major = element_blank(),
panel.grid.minor = element_blank(),
legend.text = element_text(face=
"italic", size=10),
panel.background = element_blank(
), axis.line = element_line(colour = "black")) +



161

labs(x="Elevation (m)", y = "Density of Occurrence Probability
",size=10) +

labs(col = "") +

theme(axis.title.x = element_text(size = rel(1))) +

theme(axis.title.y = element_text(size = rel(1))) +

theme(axis.text.x = element_text(size = rel(1))) +

theme(axis.text.y = element_text(size = rel(1)))

ggsave("elevation.pdf",plot=plot.h,width=20,height=10)

print(plot.h)

0.003 4

— -

0.002 4

cult

. guarani

e

0.001 4

Density of Occurrence Probability

0.000 4 I

0 250 500 750 1000 1250 1500 1750
Elevation (m)

#create coastline distance graph
sea<-values[,-c(2:4)]
names(sea)<-c("cult","dist")
head(sea)

#it cult dist
## 1 guarani 0
## 2 guarani 0
## 3 guarani 90
## 4 guarani 410
## 5 guarani 180
## 6 guarani 380

head(sea)

#it cult dist
## 1 guarani 0
## 2 guarani 0
## 3 guarani 90
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## 4 guarani 410
## 5 guarani 180
## 6 guarani 380

breaks = c(0,150,300,450, 600)
labels = as.character(breaks)
plot.sea = ggplot(sea, aes(x=dist, y=..density..)) +
geom_density(aes(fill=cult,color= 'dist'), alpha=.5)+
geom_vline(aes(xintercept=mean(dist)),color="darkorange"”,linetyp
e="solid",size=1)+
geom_vline(aes(xintercept=quantile(dist,0.975)),color="darkorang
e",linetype="dashed",size=1)+
geom_vline(aes(xintercept=quantile(dist,0.025)),color="darkorang
e",linetype="dashed",size=1)+
geom_density(aes(dist, fill=cult,color="dist"'),alpha=.5) +
geom_vline(aes(xintercept=mean(dist)),color="black",linetype="so
lid",size=1)+
geom_vline(aes(xintercept=quantile(dist,0.975)),color="black",1i
netype="dashed",size=1) +
geom_vline(aes(xintercept=quantile(dist,0.025)),color="black",1i
netype="dashed",size=1)+
geom_vline(xintercept = c(@, 600), colour="gray70", linetype="da

shed") +

scale_x_continuous(limits = c(@, 600), breaks = breaks, labels =
labels)+

scale_color_manual(values = c('dist' = 'darkorange', 'h '= 'blac
k"))

plot.sea = plot.sea + theme(panel.grid.major = element_blank(), p
anel.grid.minor = element_blank(),
legend.text = element_text(face=

ita
lic", size=10),
panel.background = element_blank(), a

xis.line = element_line(colour = "black")) +
labs(x="Coastline Distance (Km)", y = "Density of Occurrence Pro
bability",size=10) +
labs(col = "") +
theme(axis.title.x = element_text(size = rel(1))) +
theme(axis.title.y = element_text(size = rel(1))) +

theme(axis.text.x = element_text(size = rel(1))) +
theme(axis.text.y = element_text(size = rel(1)))
# ggsave("sea.pdf",plot=plot.sea,width=20, height=10)
print(plot.sea)
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= 0.006
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#create main rivers distance graph
main<-values[,-c(2,4,5)]
names(main)<-c("cult","distance")

head(main)

#it cult distance
## 1 guarani 0
## 2 guarani 0
## 3 guarani 0
## 4 guarani 10
## 5 guarani 0
## 6 guarani 10

breaks = c(0,100,200,300)
labels = as.character(breaks)
plot.main = ggplot(main, aes(x=distance, y=..density..)) +
geom_density(aes(fill=cult,color= 'distance'), alpha=.5)+
geom_vline(aes(xintercept=mean(distance)),color="darkorange",lin
etype="solid",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.975)),color="darkorang
e",linetype="dashed",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.025)),color="darkoran
ge",linetype="dashed",size=1)+
geom_density(aes(distance, fill=cult,color="distance'),alpha=.5)
+
geom_vline(aes(xintercept=mean(distance)),color="black",linetype
="solid",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.975)),color="black
",linetype="dashed",size=1) +
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geom_vline(aes(xintercept=quantile(distance,0.025)),color="black
",linetype="dashed",size=1)+
geom_vline(xintercept = c(@, 300), colour="gray70", linetype="da

shed") +
scale_x_continuous(limits = c(@, 300), breaks = breaks, labels =

labels)+
scale_color_manual(values = c('distance' = 'darkorange', 'h '= '

black'))
plot.main = plot.main + theme(panel.grid.major = element_bl

ank(), panel.grid.minor = element_blank(),

legend.text = element_text(face=
"italic", size=10),

panel.background = element_blank(

), axis.line = element_line(colour = "black")) +

labs(x="Main Rivers Distance (Km)", y = "Density of Occurrence
Probability",size=10) +

labs(col = "") +

theme(axis.title.x = element_text(size = rel(1))) +
theme(axis.title.y = element_text(size = rel(1))) +
theme(axis.text.x = element_text(size = rel(1))) +
theme(axis.text.y = element_text(size = rel(1)))
ggsave("mainrivers.pdf",plot=plot.main,width=20,height=10)
print(plot.main)
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#create third rivers distance graph
third<-values[,-c(2,3,5)]
names (third)<-c("cult"”,"distance")
head(third)



165

#it cult distance
## 1 guarani ©0.000000
## 2 guarani 30.000000
## 3 guarani ©0.000000
## 4 guarani 10.000000
## 5 guarani ©0.000000
## 6 guarani 7.920211

breaks = c(90,50,100,200)
labels = as.character(breaks)
plot.third = ggplot(third, aes(x=distance, y=..density..)) +
geom_density(aes(fill=cult,color= 'distance'), alpha=.5)+
geom_vline(aes(xintercept=mean(distance)),color="darkorange",1lin
etype="solid",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.975)),color="darkorang
e",linetype="dashed",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.025)),color="darkoran
ge",linetype="dashed",size=1)+
geom_density(aes(distance, fill=cult,color="distance'),alpha=.5)
+
geom_vline(aes(xintercept=mean(distance)),color="black",linetype
="solid",size=1)+
geom_vline(aes(xintercept=quantile(distance,0.975)),color="black
",linetype="dashed",size=1) +
geom_vline(aes(xintercept=quantile(distance,0.025)),color="black
",linetype="dashed",size=1)+
geom_vline(xintercept = c(@, 300), colour="gray70", linetype="da
shed") +
scale_x_continuous(limits
labels)+
scale_color_manual(values
black'))
plot.third = plot.third + theme(panel.grid.major = element_
blank(), panel.grid.minor = element_blank(),
legend.text = element_text(face=

c(9, 300), breaks = breaks, labels =

c('distance' = 'darkorange', 'h '= '

"italic", size=190),
panel.background = element_blank(
), axis.line = element_line(colour = "black")) +
labs(x="third Rivers Distance (Km)", y "Density of Occurrenc
e Probability",size=10) +
labs(col = "") +
theme(axis.title.x
theme(axis.title.y

element_text(size
element_text(size = rel(1))
theme(axis.text.x = element_text(size = rel(1))) +
theme(axis.text.y = element_text(size = rel(1)))
ggsave("thirdrivers.pdf",plot=plot.third,width=20,height=10)
print(plot.third)

rel(1))) +
) +
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library(ENMeval)

## Loading required package: dismo

library(raster)

library(sp)

library(rgeos)

library(rgdal)

library(fields)

library(shapefiles)

library(maptools)

library(maps)

#import ENM results, named "S1A result.tif" and "S2A result.tif"

#import Souther-Je occurrence Limit shapefile and use to crop raster
s in the same size

je_occ<-shapefile("S1B.shp")
je_occ<-spTransform(je_occ, CRS("+proj=longlat +datum=WGS84"))

#import ENM results, named "S1A result.tif" and "S2A result.tif"
S1A<-raster("S1A _result.tif")#Guarani
projection(S1A)<-"+proj=longlat +datum=WGS84"
S1A<-crop(S1A,extent(je_occ))

S1B<-raster("S1B_result.tif")#Southern-Je
projection(S1B)<-"+proj=longlat +datum=WGS84"
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S1B<-crop(S1B,extent(je_occ))

#remove NAs
S1A[is.na(S1A)] <- 999
S1B[is.na(S1B)] <- 999

#stack

cult<-stack(S1A,S1B)
names(cult)<-c('Guarani', 'Je")
projection(cult)<-"+proj=longlat +datum=WGS84"

#calc overlap niche

overlap<-calc.niche.overlap(cult, stat = "I", maxent.args(RMvalues =
seq(@.5, 4, 0.5),

fc = c("L", "LQ", "H", "LQH", "LQHP", "LQHPT"),

labels = TRUE))

##

I

|
| 0%

I

| ==============z==z===z==z===z==z====z=====z==z===z=z====z====z=====z==z===z==
| 100%
summary (overlap)
i Guarani Je
## Min. :0.6924 Min. : NA
## 1st Qu.:0.6924 1st Qu.: NA
#i# Median :0.6924 Median : NA
## Mean :0.6924 Mean :NaN
## 3rd Qu.:0.6924 3rd Qu.: NA
## Max. 0.6924 Max. : NA

1

#t#t NA's NA's 12

4.2 S1-NICHE ECOLOGICAL MODELS (ENM)

**Final Results in raster format are available for download. See “S1A_result.tif” and
“S2A_result.tif”

library(raster)
library(sp)
library(rgeos)
library(rgdal)
library(fields)
library(shapefiles)
library(maptools)
library(maps)
library(rJava)
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#it## S1A - Guarani

# Import The Occurrence Limit#

#Download the file named **"S1A.shp"**, available in supplementary m
aterial. This shapefile corresponds to The "Area of Guarani Occurren
ce", and was preliminarily delimited in the Qgis Software.

gua_occ<-shapefile("S1A.shp")#Guarani Occurrence Limit
gua_occ<-spTransform(gua_occ, CRS("+proj=longlat +datum=WGS84"))#Ent
er the coordinate system

#Import and standardize topographic and hydrographic variables
#Download Elevation and Slope variables in Ambdata (http://www.dpi.1i
npe.br/Ambdata/)

#HAND variable is available in Ambdata, but was processed in the QGi
s Software to increase pixel size, using GRASS command "r.resamp.int

erp"”. This 10 km pixel raster 1is available for download in the suppl
ementary material, with the name **"SA HAND.tif"**,

#Coastline Distance and Water Courses distance are available 1in the
supplementary material, with the names: **"SA SEA.tif"**; **"SA 1 2.
Tif"**; **¥"SA 3 tif"**; **¥"SA 4 tif"**; *¥*"SA 5 8 tif"** Distance r
asters was generated using Qgis.

#Height Above the Nearest Drainage (HAND)
hand<-raster("S1_HAND.tif")
projection(hand)<-"+proj=longlat +datum=WGS84"
ext.gua_occ<-extent(gua_occ)

hand<-crop(hand, extent(gua_occ))
limit_gua.r<-rasterize(gua_occ, hand)

hand.gua<-hand * limit_gua.r
ext.limit_gua<-extent(gua_occ)
hand.gua<-crop(hand.gua, ext.limit_gua)

hand.mask<- hand.gua

hand.mask[hand.gua >= minValue(hand.gua)] <- 1
#ElLevation

elevation<-raster("hlk_dem.asc")#download file in Ambdata
projection(elevation)<-"+proj=longlat +datum=WGS84"
elevation<-crop(elevation,ext.limit_gua)
elevation<-resample(elevation,hand, method="bilinear™)
elevation<-elevation * limit_gua.r
elevation.mask<-elevation

elevation.mask[elevation >= minValue(elevation)] <- 1
#Slope

slope<-raster("hlk_slope.asc")
projection(slope)<-"+proj=longlat +datum=WGS84"
slope<-crop(slope,ext.limit_gua)
slope<-resample(slope,hand.gua, method="bilinear")
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slope<-slope * limit_gua.r

slope.mask<-slope

slope.mask[slope >= minValue(slope)] <- 1
#Coastline Distance

sea<-raster("S1 SEA.tif")
projection(sea)<-"+proj=longlat +datum=WGS84"
sea<-crop(sea,ext.limit gua)
sea<-resample(sea,hand.gua,method="bilinear")
sea<-sea * limit_gua.r

sea.mask<-sea

sea.mask[sea >= minValue(sea)] <- 1

#Water Courses

#1st and 2nd River Classes Distance (Main Rivers)
main<-raster("S1_1ST2ND.tif")
projection(main)<-"+proj=longlat +datum=WGS84"
main<-crop(main,ext.limit_gua)
main<-resample(main,hand.gua, method="bilinear")
main<-main * limit_gua.r

main.mask<-main

main.mask[main >= minValue(main)] <- 1

#3rd River Class Distance
third<-raster("S1_3RD.tif")
projection(third)<-"+proj=longlat +datum=WGS84"
third<-crop(third,ext.limit_gua)
third<-resample(third,hand.gua, method="bilinear")
third<-third * limit_gua.r

third.mask<-third

third.mask[third>= minValue(third)] <- 1

#4th River Class Distance

fourth<-raster("S1 4TH.tif")
projection(fourth)<-"+proj=longlat +datum=WGS84"
fourth<-crop(fourth,ext.limit_gua)
fourth<-resample(fourth,hand.gua, method="bilinear")
fourth<-fourth * 1limit_gua.r

fourth.mask<-fourth

fourth.mask[fourth>= minValue(fourth)] <- 1
#Minor Rivers

minor<-raster("S1 5 8TH.tif")
projection(minor)<-"+proj=longlat +datum=WGS84"
minor<-crop(minor,ext.limit_gua)
minor<-resample(minor,hand.gua, method="bilinear")
minor<-minor * limit_gua.r

minor.mask<-minor

minor.mask[minor>= minValue(minor)] <- 1

#Creat a variables collection

env<-stack(hand,elevation,slope,sea,main,third, fourth,minor)
env.mask<-hand.mask*elevation.mask*slope.mask*sea.mask*main.mask*thi
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rd.mask*fourth.mask*minor.mask

env<-env¥env.mask
names(env)<-c('hand', 'elevation', 'slope', 'sea', 'main', 'third', 'four
th', 'minor")

projection(env)<-"+proj=longlat +datum=WGS84"

plot(hand.gua, main="HAND")
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plot(elevation, main="Elevation")



=30 -26 -22

-34

=30 -26 -22

=34

Elevation

865 -60 85 -50 -45
plot(slope, main="Slope")
Slope
I I I I
65 -60 -55 -50 -45

plot(sea, main="Coastline Distance")

Pl P T 00— —
s Lo T T T L0 M 8
o L e T T

e ] e

800
600
400
200

171



=30 -26 -22

-34

Coastline Distance

-60 -a5 -20 -45

plot(main, main="Main Rivers")
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plot(third, main="Third Rivers (intermediate)")
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plot(fourth, main="Fourth Rivers (intermediate)")
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plot(minor, main = "Minor Rivers")

173



174

Minor Rivers

[
S
i e
S 25
» 20
i 0
> 5
| 0
-
3 -

-65 -60 -a5 -20 -45

#Import the occurrence points of Guarani Archaeological Sites Guaran
1 Arqueological Occurrence Points are available as *.kmz file, in Bo
nomo et al(2015) Supplementar Material (doi:0.1016/j.quaint.2014.160.
050). We use a Qgis Software to save occurrence points in *.csv form
at: "S1A POINTS.csv"

gua_pt<-read.csv("S1A POINTS.csv", sep=",",dec=".", header=T, row.na
mes=NULL)
gua_pt.spdf<-SpatialPointsDataFrame(gua_pt[,c(1,2)],gua_pt, projadstr
ing=CRS("+init=epsg:4326"))

gua_pt.spdf<-spTransform(gua_pt.spdf, CRS("+proj=longlat +datum=WGS8
4"))

plot(gua_occ)

plot(gua_pt.spdf, add=T, main="Guarani Occurrence Points")
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#ENM

library(ENMeval)

bck.na<-env[[1]]

bck.na[ ]J<-NA
r.gua<-rasterize(coordinates(gua_pt.spdf),bck.na,fun="count")
gua.pa<-rasterToPoints(r.gua,fun=function(x){x>0}, spatial=T)
set.seed(1234)

bg<-randomPoints(env[[1]],5000)

#ENMevaluate: In this step, several models are generated, which are
ordered to select the models with the highest AUC and the Llowest ove
rfitting. It is computationally expensive, so the commands are 1isola
ted by "#". Select model 1is below.

#mlgua<-ENMevaluate(env=env, occ=coordinates(gua.pa), bg.coords=bg,
RMvalues=seq(©.5,4,0.5), fc=c("L", "LQ", "LQP", "H", "
LQH"), method="randomkfold",kRfolds=4, parallel = T
)

#mlgua@results

#plot(migua@results)

#mlgua@predictions
#plot(mlgua@predictions)

#mlgua@models #: List of model objects

#mlgua@occ.pts #: data. frame of occurrence coordinates
#mlgua@occ.grp #: vector of bins for occurrence points
#mlgua@bg.pts #: data. frame of background coordinates
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#mlgua@bg.grp

#ord<-order(mlgua@resultsgavg.diff.AUC, decreasing=T)
#lista<-mlgua@results[ord,c(2,3,13,16,5,7)]
#lista

#Below is the selected model, which presented the best balance betwe
en auc and overfitting. # feature = H rm = 2.0 aic = 1910.935 parame
ters = 20 auc = 0.8037023 diff = 0.03442758

h2<-maxent(env, p=gua.pa, a=bg,
removeDuplicates=TRUE,
args=c("-P", ‘'outputformat=raw', 'noautofeature’,
'nothreshold', 'noproduct', 'nolinear', 'noquadrati
c', 'noaddsamplestobackground’,

'betamultiplier=2"))

## Warning in .local(x, p, ...): 3 (2.56%) of the presence points ha
ve NA
## predictor values

plog.h2<- predict(h2, env,args=c('outputformat=logistic"))
plog.h2.def<-calc(plog.h2, fun=mean)
plot(plog.h2 ,main="Guarani" ,colNA="gray30")
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#it## S1B Southern-Jé
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je_occ<-shapefile("S1B.shp") #Southern-Je occurrence area
je_occ<-spTransform(je _occ, CRS("+proj=longlat +datum=WGS84"))

#Environmental variables
hand_je<-raster("S1 HAND.tif")##download file in Ambdata
projection(hand_je)<-"+proj=longlat +datum=WGS84"
ext.je_occ<-extent(je_occ)
hand_je<-crop(hand_je,extent(je_occ))
limit je.r<-rasterize(je_occ, hand_je)
hand.je<-hand_je * limit_je.r
hand.je.mask<- hand.je
hand.je.mask[hand.je >= minValue(hand.je)] <- 1
#ElLevation
elevation_je<-raster("hlk _dem.asc")#download file in Ambdata
projection(elevation_je)<-"+proj=longlat +datum=WGS84"
elevation_je<-crop(elevation_je,ext.je_occ)
elevation_je<-resample(elevation_je,hand_je, method="bilinear")
elevation_je<-elevation_je * limit_je.r
elevation.je.mask<-elevation_je
elevation.je.mask[elevation_je >= minValue(elevation)] <- 1
#Slope
slope_je<-raster("hlk _slope.asc")
projection(slope_je)<-"+proj=longlat +datum=WGS84"
slope_je<-crop(slope_je,ext.je_occ)
slope_je<-resample(slope_je,hand.je, method="bilinear")
slope_je<-slope_je * limit_je.r
slope.je.mask<-slope je
slope.je.mask[slope_je >= minValue(slope_je)] <- 1
#Coastline Distance
sea_je<-raster("S1 SEA.tif")
projection(sea_je)<-"+proj=longlat +datum=WGS84"
sea_je<-crop(sea_je,ext.je_occ)
sea_je<-resample(sea_je,hand.je,method="bilinear")
sea_je<-sea_je * limit_je.r
sea.je.mask<-sea_je
sea.je.mask[sea_je >= minValue(sea_je)] <- 1
#Water Courses
#1st and 2nd River Classes Distance (Main Rivers)
main_je<-raster("S1 1ST2ND.tif")
projection(main_je)<-"+proj=longlat +datum=WGS84"
main_je<-crop(main_je,ext.je_occ)
main_je<-resample(main_je,hand.je, method="bilinear")
main_je<-main_je * limit_je.r
main.je.mask<-main_je
main.je.mask[main_je >= minValue(main_je)] <- 1
#3rd River Class Distance
third_je<-raster("S1 3RD.tif")
projection(third_je)<-"+proj=longlat +datum=WGS84"
third_je<-crop(third_je,ext.je_occ)
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third_je<-resample(third_je,hand.je, method="bilinear")
third_je<-third_je * limit_je.r
third.je.mask<-third_je

third.je.mask[third_je>= minValue(third_je)] <- 1

#4th River Class Distance

fourth_je<-raster("S1 _4TH.tif")
projection(fourth_je)<-"+proj=longlat +datum=WGS84"
fourth_je<-crop(fourth_je,ext.je_occ)
fourth_je<-resample(fourth_je,hand.je, method="bilinear")
fourth_je<-fourth_je * limit_je.r
fourth.je.mask<-fourth_je

fourth.je.mask[fourth_je>= minValue(fourth_je)] <- 1
#Minor Rivers

minor_je<-raster("S1 5 8TH.tif")
projection(minor_je)<-"+proj=longlat +datum=WGS84"
minor_je<-crop(minor_je,ext.je_occ)
minor_je<-resample(minor_je,hand.je, method="bilinear")
minor_je<-minor_je * limit_je.r
minor.je.mask<-minor_je

minor.je.mask[minor_je>= minValue(minor_je)] <- 1

plot(hand.je, main="HAND Je")
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plot(elevation_je, main="Elevation Je")
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plot(slope_je, main="Slope Je")
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plot(sea_je, main="Coastline Distance Je")
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Coastline Distance Je
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plot(main_je, main="Main Rivers Je")
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plot(third_je, main="Third Rivers (intermediate Je)")
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Third Rivers (intermediate Je)
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plot(fourth_je, main="Fourth Rivers (intermediate Je)")
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plot(minor_je, main = "Minor Rivers Je")
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#Creat a variables collection

env_je<-stack(hand.je,elevation_je,slope_je,sea_je,main_je,third_j
e,fourth_je,minor_je)
env.je.mask<-hand.je.mask*elevation.je.mask*slope.je.mask*sea.je.m
ask*main.je.mask*third.je.mask*fourth.je.mask*minor.je.mask
env_je<-env_je*env.je.mask
names(env_je)<-c('hand’', 'elevation', 'slope’, 'sea’', 'main', 'third','f
ourth', "'minor")
projection(env_je)<-"+proj=longlat +datum=WGS84"

#Import the occurrence points of Southern-Je Archaeological Sites.We
make available a part of the points that we use (those that are alre
ady published and that were not given by third parties) in the named
file "S1B_POINTS.csv"

je_pt<-read.csv("S1B_POINTS.csv", sep=",",dec=".", header=T, row.nam
es=NULL)

je_pt.spdf<-SpatialPointsDataFrame(je_pt[,c(1,2)],je_pt, projdstring
=CRS("+init=epsg:4326"))

je_pt.spdf<-spTransform(je_pt.spdf, CRS("+proj=longlat +datum=WGS84"
)

plot(je_occ)

plot(je_pt.spdf, add=T, main="Souther-Je Occurrence Points")
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#ENM

library(ENMeval)

bck.na_je<-env_je[[1]]

bck.na_je[]<-NA
r.je<-rasterize(coordinates(je_pt.spdf),bck.na_je,fun="count")
je.pa<-rasterToPoints(r.je,fun=function(x){x>0}, spatial=T)
set.seed(1234)

bg_je<-randomPoints(env_je[[1]],5000)

## Warning in randomPoints(env_je[[1]], 5000): generated random poin
ts =
## 0.8836 times requested number

#ENMevaluate: In this step, several models are generated, which are
ordered to select the models with the highest AUC and the Lowest ove
rfitting. It is computationally expensive, so the commands are isola
ted by "#". Select model 1is below.

# mje<- ENMevaluate(env=env_je, occ=coordinates(je.pa), bg.coords=bg
_Je, RMvalues=seq(0.5,4,0.5), fc=c("L","
LQ","LQP", "H", "LQH"), method="randomkfold", kfolds=4,
parallel = T)

#mje@results

#plot(mje@results)

#mje@predictions
#plot(mje@predictions)

#mje@models #: List of model objects
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#mje@occ.pts #: data. frame of occurrence coordinates
#mje@occ.grp #: vector of bins for occurrence points
#mje@bg.pts #: data. frame of background coordinates

#mje@bg.grp

#ord<-order(mje@results$avg.diff.AUC, decreasing=T)

#Below is the selected model, which presented the best balance betwe
en auc and overfitting. # feature = LQP rm = 4 auc = 0.7
lgp.4<-maxent(env_je, p=je.pa, a=bg_je,
removeDuplicates=TRUE,
args=c("-P", 'outputformat=raw', 'noautofeature’,
'nothreshold', 'nohinge', 'noaddsamplestobackgroun
d’,
"betamultiplier=4"))

## Warning in .local(x, p, ...): 2 (2.86%) of the presence points ha
ve NA

## predictor values

plog.lqp4<- predict(lqgp.4, env,args=c('outputformat=logistic"'))
plog.lqp4.def<-calc(plog.1lgp4, fun=mean)
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