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RESUMO GERAL

As regido neotropical abriga uma das florestas megadiversas mais ameagadas do globo. Por
isso, urge desenvolver estudos que produzam dados confiaveis e argumentos a favor da
conservacdo. A dendrocronologia, ciécia dos anéis de crescimento das arvores, € uma
ferramenta que permite a reconstrucao do histdrico da vida das arvores e assim, uma melhor
compreensdo sobre seus crescimentos. Em vista da grande amplitude de ocorréncia nos
neotropicos e a presenca de anéis anuais bem distintos, o género Cedrela € o alvo do nosso
estudo. Reconstruimos as trajetdrias de crescimento de arvores de Cedrela spp. em duas regides
tropicais contrastantes: Cedrela odorata em floresta Umida da Amazénia e Cedrela fissilis em
floresta sazonalmente seca do ecétono Cerrado-Caatinga. Utilizamos sec¢des transversais e
amostras obtidas com trado de incremento. Preparamos as amostras seguindo o padrdo dos
procedimentos dendrocronoldgicos, incluindo a técnica do grafico-esqueleto para a datacdo das
séries de anéis de crescimento. Calculamos mudancas relativas de crescimento por individuo,
detectamos eventos de distdrbios anuais (liberacdes e supressdes) e testamos a correlacdo
climatica, utilizando o Indice de Severidade de Seca de Palmer (PDSI) nos dois sitios. Quando
sincronizamos as frequéncias de eventos de disturbios por ano do calendario, observamos que
a populacéo de Cedrela odorata da floresta tmida teve uma fregiiéncia menor em comparacgéo
a da populacdo de C. fissilis da floresta seca, onde os eventos de supressdo sdo mais
relacionados as influencias climaticas. Quando relacionamos a idade das arvores, a floresta
Umida apresentou baixa frequéncia de eventos de supressdo, enquanto a floresta seca apresentou
baixa frequéncia de eventos de supressdo e de liberacdo. O padrdo de crescimento radial da
floresta tropical seca correlacionou positivamente com o indice derivado do PDSI, ao passo que
ndo foi encontrada correlacdo com o da floresta tropical tmida, demonstrando que a variacao
do crescimento pode ser influenciada por uma dinamica florestal complexa, incluindo
competicdo por luz e outros fatores aclimaticos. Esses resultados fornecem informacdes sobre
0 crescimento de espécies nativas neotropicais que podem servir como base para futuras
pesquisas e monitoramentos visando a conservagao.

Palavras-chave: Dendroecologia. Mudanca de crescimento relativo. Distdrbios de
crescimento. Floresta Amazonica. Cerrado-Caatinga. Ecologia Florestal.



ABSTRACT

The Neotropical region harbours one among the world's most threatened megadiverse forests.
Therefore, the development of studies that produce reliable data and arguments to favour its
conservation is urgent. Dendrochronology, the science of tree-rings, is a tool that allows the
reconstruction of the tree's life history and thus, a better understanding of tree growth. In view
of its widespread distribution in the Neotropics and the formation of very distinct annual growth
rings, the genus Cedrela is the target for this study. We reconstructed the growth trajectories of
Cedrela spp. trees in two contrasting regions: Cedrela odorata from the Tropical Moist Forest
of the Amazon and Cedrela fissilis from the Tropical Dry Forest of the Cerrado-Caatinga
ecotone. We used cross sections and cores obtained by increment borer. We prepared the
samples following standard dendrochronological procedures, including the skeleton-plot
method for crossdating tree-ring time series. We calculated relative changes in growth per
individual, detected annual disturbance events (releases and suppressions) and tested the
climatic correlation using the Palmer Drought Severity Index (PDSI) at both sites. When we
synchronized the frequency of the disturbance events per calendar year, we observed that the
population of Cedrela odorata from the moist forest had a lower frequency compared to the C.
fissilis population from the dry forest, where suppression events are more related to climatic
influence. When related to tree age, the moist forest presented low frequency of suppression
events, while the dry forest presented low frequency of suppression and release events. The
radial growth pattern of Tropical Dry Forest correlated positively with the index derived from
PDSI, whereas no correlation was found for the moist forest, showing that tree growth variation
may be influenced by complex forest dynamics, including light competition and other non-
climatic factors. These results provide information on the growth of Neotropical native species
that can serve as a basis for future research and monitoring for conservation.

Keywords: Dendroecology. Relative growth change. Growth disturbances. Amazonian Forest.
Cerrado-Caatinga. Forest Ecology.
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CAPITULO 1

INTRODUCAO GERAL E ANTECEDENTES

13



1 INTRODUCAO GERAL *

Os ambientes florestais sdo convertidos em outros tipos de uso do solo ha séculos,
processo acelerado devido a grande expansdo da agricultura e da pecuaria, a superexploracao
madeireira, ao aumento da area urbana e dos residuos (Venter et al., 2016, Gibson et al., 2011).
A regido tropical é a que apresenta a maior cobertura e diversidade de espécies arboreas do
globo, que sdo importantes pelo seu papel no regime hidroldgico, na ciclagem de nutrientes e
inimeros processos ecossistémicos (Pan et al., 2013).

Devido as suas diferentes condigdes hidro-climaticas, topograficas e edaficas, as
florestas neotropicais abrigam milhares de espécies arboreas (Slik et al., 2015), sendo o Brasil
0 pais mais megadiverso do mundo (DaSilva et al., 2012), abrigando diversas formacdes
florestais. Os biomas Amazonia, Cerrado, Mata Atlantica, Caatinga, Pantanal e Pampa
apresentam complexos de vegetacdo bem distinto em relacdo a distribuicdo e composicdo de
espécies (Coutinho, 2006). Devido a exploracdo de matéria prima, economia baseada em
producdo agricola e pelo préprio crescimento populacional, o Brasil € um dos paises que mais
sofre pressdes florestais (Leblois et al., 2017). Por isso, ha urgéncia em concentrar esforgos no
desenvolvimento de estudos sobre suas florestas a fim de produzir argumentos favoraveis e que

sustentem politicas de conservacao.

A grande maioria dos estudos na area florestal que aborda questdes de composicao
floristica, distribuicdo de espécies, mortalidade, recrutamento e crescimento de individuos, sdo
feitos empregando dados de parcelas temporarias e permanentes. Porém, para obtermos
informacBes de longo prazo sobre florestas, dados amostrais provenientes de parcelas
permanentes apresentam grande importancia, mas sdo considerados insuficientes (Clark; Clark,
2001; Brienen et al., 2006; Schongart, 2008). De forma complementar, a dendrocronologia
permite, através da analise dos anéis de crescimento de uma arvore, a reconstrucédo do historico
de toda sua vida, como sua trajetdria de crescimento e os efeitos climaticos e ambientais na sua
formagéo. Possibilitanto obter informagdo da idade, taxa de crescimento, relacdo clima-

crescimento, manejo e conservacgéo de especies por area (Schongart et al. 2017).

Na zona temperada, os estudos com anéis anuais de arvores contribuiram com
informagdes climatolégicas (Sheppard, 2010), na detecgdo de eventos de distlrbios florestais
para uma melhor compreensédo do crescimento das arvores (Rubino; McCarthyz, 2004), com o

aumento de importantes dados arqueoldgicos (Cufar, 2007) e se mostraram promissores para
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prever o comportamento de florestas apds alteracfes climéticas (Sass-Klaassen et al., 2016).

Na regido tropical, Dietrich Brandis foi o primeiro a usar dessa técnica para auxiliar no manejo
sustentavel com Tectona grandis no periodo entre 1850 e 1880 (Worbes, 2002; Schongart et.
al, 2017). Porém, por décadas acreditou-se que as espécies de florestas tropicais ndo formavam
anéis de crescimento anuais devido a falta de um rigoroso inverno, um mito que acarretou em
uma grande lacuna dos estudos de dendrocronologia nos tropicos com efeito até os dias atuais
(Worbes, 2002; Schongart et al., 2017).

Atualmente, hd 220 espécies de arvores, de 46 familias, com a presenca de anéis de
crescimento anuais comprovada na regido neotropical (Schongart et al., 2017). Villalba et al.
(1985), estudando a espécie Cedrela angustifolia Sessé & Moc. ex DC., publicaram sobre o
potencial dos anéis de crescimento do género Cedrela P. Browne no norte da Argentina.
Todavia, apenas a partir do final do século passado que o género foi largamente aplicado com
sucesso em diversos estudos dendrocronoldgicos (Villalba et al, 1992; Worbes, 1999; Diinisch
et al., 2003; Brienen e Zuidema 2005; Dunisch, 2005; Brdauning et al., 2009; Brienen et al.,
2010; Lobdo, 2011; Baker et al., 2015; Paredes-Villanueva et al., 2016).

Devido a grande amplitude de ocorréncia e a formagao de anéis anuais bem distintos, o
género Cedrela é considerado o mais promissor para estudos dendrocronolégicos nos
Neotropicos. A fim de aumentar o conhecimento sobre as trajetdrias de crescimento de espécies
neotropicais, analisamos os ritmos de crescimento de arvores de Cedrela fissilis Vellozo e
Cedrela odorata L., nas florestas tropicais Umidas da Amazonia e secas do ecétono Cerrado-

Caatinga, a partir dos seus aneis de crescimento.

2 ANTECEDENTES

2.1 Dendrocronologia

A dendrocronologia € a ciéncia que busca construir cronologias a partir dos anéis de
crescimento das arvores (Cook; Kairiukstis, 1990; Fritts, 1976) que registram informacdes
sobre o ambiente ao longo de suas vidas. Tais informacgdes podem ser decodificadas e
apresentadas em resolucdo anual, datadas conforme os anos do calendéario (Fritts, 1976;
Tomazello Filho; Botosso; Lisi, 2001). Esta ferramenta transformou as analises temporais e
espaciais do clima nas zonas temperadas, onde possibilitou a reconstrugéo de secas continentais
(Cook et al., 1999; Stahle et al., 2016; Stahle et al., 2011a; 2011b; Stahle et al., 2007; Stahle et
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al., 2000), de variagdes da temperatura (Briffa et al., 1992; Schippers et al., 2015; Y| et al.,

2012), de amplitudes dos pulsos de inundacao fluvial (Ballesteros-Canovas et al., 2015; Wertz;
George; Zeleznik, 2013), e ampliou o entendimento das dindmicas ecologicas regionais e locais
(Brienen; Zuidema; Martinez-Ramos, 2010; Brienen et al., 2009; Swetnam; Betancourt, 1998;
Zhang, 2015).

Os requisitos para a viabilidade de uma espécie arbdrea para a construcao de cronologias
de anéis de crescimento sdo: i) apresentar ritmo de crescimento radial anual, por meio da
dorméncia cambial induzida por um fator ambiental determinante; ii) formar anéis de
crescimento distintos e visiveis macroscopicamente, que permitam clara demarcacdo das zonas
de crescimento formadas a cada ano; iii) consisténcia da variavel medida dentro de uma mesma
arvore e entre arvores em determinado sitio. Este ultimo pode ser descrito como sincronismo,
gue € o que possibilita a construcdo de cronologias pela codatagédo, ou datacdo cruzada (Stahle
etal., 1999).

Nas Ultimas décadas, estudos com espécies tropicais comprovaram a existéncia de aneéis
anuais nessa regido e evoluiram quanto as suas aplicacbes na dendroecologia e na
dendroclimatologia (Rozendaal; Zuidema, 2011; Brienen Schongart; Zuidema, 2016). Até o
presente, dois mecanismos principais se mostraram capazes de induzir a formacao de anéis

anuais distintos e sincronizados em espécies tropicais:

1) Pulsos anuais de inundacdo em planicies alagaveis (Brienen; Schdngart; Zuidema, 2016;
Schongart et al., 2002; 2005; Worbes, 1989). As inundacdes geram condicdes
anaerobicas na zona radicular das arvores que acarretam em respostas fenoldgicas como
deciduidade das folhas, dorméncia cambial, e a formacdo de anéis anuais
anatomicamente distintos (Schongart et al., 2002; Worbes, 1997).

2) Sazonalidade bem definida da precipitacdo (Brienen; Schongart; Zuidema, 2016;
Dinisch et al., 2002; Stahle et al., 1999). No periodo de seca o estresse hidrico nas
arvores resultara na deciduidade das folhas, cessando a atividade cambial e uma camada

distinta de madeira é formada (Brienen; Schéngart; Zuidema, 2016; Fritts, 1976).

Os anéis de crescimento, ao serem analisados nos estudos dendrocronoldgicos,
fornecem informagdes sobre o ambiente possibilitadas pela reconstrugdo do crescimento de
cada arvore. Desta forma, geram dados sobre idade, taxa de crescimento anual e média,

trajetdria do crescimento, e possibilitam a estimativa de incrementos anuais em altura, volume
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e biomassa acima do solo. A diferenca nos padrfes de crescimento das arvores é essencial para

se compreender aspectos ecologicos na dindmica dos ecossistemas florestais (Brienen;
Zuidema; Martinez-Ramos, 2010; Nock; Metcalfe; Hietz, 2016).

As trajetdrias de crescimento das arvores ajudam a compreender os efeitos das
condigdes locais e perturbagdes na floresta (Nock; Metcalfe; Hietz, 2016). Variag0es nas taxas
de crescimento estdo relacionadas a diferentes demandas de luz pelas espécies (Baker;
Bunyavejchewin, 2006) e disponibilidade de recursos, como a agua (Brienen; Zuidema, 2006).
Quando o crescimento radial de um individuo arbdreo passa por um periodo de crescimento
relativo abaixo da média, devido a condi¢des desfavoraveis, por mais de 5 anos consecutivos,
consideramos um evento de supressdo. No caso de um periodo por mais de 5 anos seguidos, em
gue o crescimento radial relativo da arvore é acima da média, consideramos um evento de

liberacdo (Brienen et al., 2010).

Para o gerenciamento de um manejo sustentavel sdo necessarios dados confiaveis sobre
0 crescimento das espécies arbdreas. Entretanto, a maior parte desses dados é advinda de
parcelas permanentes e abrange periodos de tempo curtos em relacdo ao tempo de vida de uma
arvore tropical (Brienen et al., 2006; Schongart, 2008). Os anéis de crescimento ja foram
utilizados, de forma auxiliar, para construir e validar modelos de crescimento de arvores e
modelos populacionais em florestas tropicais, possibilitando a determinacdo da idade de
povoamentos arbéreos, idade de corte para arvores, tempo necessario para a recuperacao das
arvores e projecoes de crescimento (Rozendaal; Zuidema, 2011; Schongart et al., 2017).

2.2 O género Cedrela

O género Cedrela P. Browne, pertencente a familia Meliaceae, inclui 17 espécies
distribuidas da America Central a América do Sul (Pennington; Muellner, 2010). O género
inclui espécies madeireiras de importancia econdmica global (Cavers et al., 2013). Segundo
Lorenzi (1998, 2014), as espécies Cedrela odorata L. e Cedrela fissilis Vellozo, apresentam
ampla ocorréncia natural em quase todo o pais (Figura 1), sendo que a C. odorata ocorre
preferencialmente em florestas ombraéfilas (Muellner et al., 2010). Ambas sdo muito apreciadas
comercialmente pelas excelentes propriedades fisico-mecanicas de suas madeiras, utilizadas na
construcdo civil, naval e aeronautica; empregadas para a producdo de compensados, laminados,
moveis, molduras, esculturas, instrumentos musicais e na marcenaria em geral; além de

produzir oleo essencial usado em perfumaria (Davila et al., 2008; Lorenzi, 1998, 2014). Sao
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largamente empregadas no paisagismo e consideradas de grande importancia na composicao de

reflorestamentos heterogéneos para recuperacdo de areas degradadas (Lorenzi, 1998, 2014).
Devido a excessiva exploragéo e degradacdo de seus habitats, as especies C. odorata e C. fissilis

foram incluidas na Lista Vermelha da Unido Internacional (IUCN, 2018).

Figura 1 — DistribuicOes das espécies Cedrela fissilis e C. odorata.
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Legenda: Distribuicdes das espécies Cedrela fissilis e C. odorata baseadas em dados de
cole¢des de herbério. Retirado do site SpeciesLink (2017).
Fonte: Da autora (2018).

O género Cedrela apresenta ampla distribui¢do, ocorrendo em habitats tmidos e secos
da regido Neotropical (Lorenzi, 1998, 2014; Muellner et al., 2010). Suas espécies geralmente
sdo deciduas e moderadamente tolerantes a sombra. Elas crescem rapidamente em clareiras
florestais em solos e relevos varidveis, mas requerem boa drenagem (Justiniano et al., 2003).
Adaptac6es morfoldgicas indicaram a origem de Cedrela em floresta seca sob climas sazonais
(Muellner et al., 2010) e estudos filogenéticos sustentaram que a diversificacdo do género
ocorreu na América do Sul com posterior recoloniza¢do na América Central antes da formacao
do Istmo do Panama (Cavers et al., 2013). O género possui também, fenologia foliar decidual,

anéis de crescimento anatomicamente distintos e alta taxa de crescimento radial, atributos
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importantes para estudos dendrocronolégicos (Hietz; Wanek; Dunisch, 2005; Brienen et al.,

2012).

O reconhecimento da potencialidade de Cedrela spp. para analises dendrocronologicas
despertou o interesse de diversos pesquisadores na Ameérica do Sul. Um estudo realizado por
Volland e colaboradores (2016), demonstrou a possibilidade da reconstrucdo hidro-climatica
dos Andes no Equador, através dos anéis de crescimento de Cedrela montana Moritz ex Turcz,
onde apresentaram alta correlagdo com a precipitacdo, frequéncia de dias chuvosos e cobertura
de nuvens sobre a cordilheira. Outros estudos apontam alta sensibilidade do género Cedrela
com variaveis climaticas (Brienen; Zuidema, 2005; Brienen et al., 2012; Dunisch et al., 2002;
2003; Dinisch, 2005; Granato-Souza et al., 2018; Pereira et al., 2018; Tomazello et al., 2000)
e como registro para a variabilidade de Oscilacdo Sul de EI Nifio (Brienen et al., 2012; Volland;
Dunisch et al., 2005; Pucha; Brauning, 2016).

2.3 Este estudo

Com este estudo, pretendemos contribuir para melhorar nossa compreensdo do
crescimento de arvores neotropicais, usando dados de larguras de anéis datados de Cedrela
odorata L. e Cedrela fissilis Vellozo em duas diferentes regides do Brasil, Amazbnia e
Caatinga. As trajetorias de crescimento dos individuos foram reconstruidas e permitiram a
analise da dindmica de crescimento das populacfes de Cedrela spp. de cada regido, a deteccdo
dos eventos de liberacdo e supressao de crescimento e os possiveis fatores relacionados.
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OBJETIVO GERAL

Reconstruir as trajetdrias de crescimento de Cedrela spp. em florestas tropicais Umida e seca.

3.1 Objetivos especificos

Detectar a ocorréncia de eventos de liberacdo e supressdo de crescimento (distdrbios)
em populacBes de Cedrela spp. em florestas tropicais Umida e seca.

Analisar os distarbios identificados nas florestas tropicais Umida e seca em relagéo a

idade das arvores (trajetorias de crescimento).

Verificar a sensibilidade do crescimento anual de Cedrela spp. em florestas tropicais

Umida e seca em relacdo ao clima.

3.2 Hipoteses e predicoes

Os eventos de liberagcdo e supressdo do crescimento de Cerela spp. ocorrem de
forma aleat6ria (sem sincronismo entre arvores) na floresta tropical imida, enquanto
séo sincronizados na floresta tropical seca.

Premissa: A floresta tropical umida é caracterizada por uma maior estabilidade
climatica (Murphy; Lugo, 1986; Wright; Van Schaick, 1994) apresentando
estocasticidade dos eventos de supressdo e liberacdo do crescimento relacionados a
processos ecoldgicos da comunidade arbérea. A regido do semiarido apresenta
maior sincronismo dos eventos de liberacdo e supressao relacionados com a variacao
climatica interanual marcante (periodos imidos e secos, Oliveira-Filho et al. 1998;
Pereira et al. 2018).

A populacdo de Cedrela spp. de floresta tropical Uumida apresenta maiores
frequencias de eventos supressdo na fase inicial da vida e eventos de liberagdo em
idade mais avancgada; na floresta tropical seca, as populacGes de Cedrela spp.

apresentam eventos de supressao ao longo da vida.
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Premissa: Nas florestas tropicais Umidas ha grande competicédo por luz, ja na floresta

tropical seca existe uma maior dependéncia pela disponibilidade de dgua (Baker et
al., 2003; Brienen et al., 2010; Rozendaal; Zuidema, 2011).

A sensibilidade climatica dos anéis anuais de Cedrela spp. é mais baixa na floresta
tropical imida da Amazénia do que na floresta tropical seca do ecotono Cerrado-
Caatinga.

Premissa: A floresta tropical tmida é um ambiente limitado por luz (Baker et al.
2003, Brienen et al. 2010; Clark; Clark, 1999), gerando uma dindmica mais
complexa do que na floresta tropical seca, onde o crescimento é limitado pela
disponibilidade de 4gua que varia sazonalmente (Baker et al., 2003; Bullock, 1997;
Murphy; Lugo, 1986). Considerando o principio do fator ambiental mais limitante
(Fritts, 1976; Tomazello Filho; Botosso; Lisi, 2001) para a taxa de crescimento

radial.



22
REFERENCIAS

BAKER, J. C. A. et al. Oxygen isotopes in tree rings show good coherence between species
and sites in Bolivia. Global and Planetary Change, Virginia, v. 133, p. 298-308, 2015.

BAKER, P. J.; BUNYAVEJCHEWIN, S. Suppression, release and canopy recruitment in five
tree species from a seasonal tropical forest in western Thailand. Journal of Tropical Ecology,
Winchelsea, v. 22, n. 5, p. 521-529, 2006.

BALLESTEROS-CANOVAS, J. A. et al. A review of flood records from tree rings. Progress
in Physical Geography, Loughborough, v. 39, n. 6, p. 794-816, 2015.

BRAUNING, A. et al. Climatic control of radial growth of Cedrela montana in a humid
mountain rainforest in southern Ecuador. Erdkunde, Bonn, v. 39, n. 6, p. 337-345, 2009.

BRIENEN, R. J. W.; ZUIDEMA, P. A. Relating tree growth to rainfall in Bolivian rain forests:
a test for six species using tree ring analysis. Oecologia, Marburg, v. 146, n. 1, p. 1, 2005.

BRIENEN, R. J. W. and ZUIDEMA, P. A. Lifetime growth patterns and ages of Bolivian rain
forest trees obtained by tree ring analysis. Journal of Ecology, London, v. 94, n. 2, p. 481-493,
2006.

BRIENEN, R, J. W. et al. The potential of tree rings for the study of forest succession in
southern Mexico. Biotropica, Gainesville, v. 41, n. 2, p. 186-195, 20009.

BRIENEN, R. J. W.; ZUIDEMA, P. A.; MARTINEZ-RAMOS, M. Attaining the canopy in dry
and moist tropical forests: strong differences in tree growth trajectories reflect variation in
growing conditions. Oecologia, Marburg, v. 163, n. 2, p. 485-496, 2010.

BRIENEN, R. J. W. et al. Oxygen isotopes in tree rings are a good proxy for Amazon
precipitation and El Nifio-Southern Oscillation variability. Proceedings of the National
Academy of Sciences, Washington, v. 109, n. 42, p. 16957-16962, 2012.

BRIENEN, R. J. W.; SCHONGART, J.; ZUIDEMA, P. A. Tree rings in the tropics: insights
into the ecology and climate sensitivity of tropical trees. In: GOLDSTEIN, G.; SANTIAGO,
L.S. (Eds.) Tropical tree physiology. Cham: Ed. Springer, 2016, p. 439-461.

BRIFFA, K.R. et al. Fennoscandian summers from AD 500: temperature changes on short and
long timescales. Climate Dynamics, Bologna, v. 7, n. 3, p. 111-119, 1992.

BULLOCK, S. H. Effects of seasonal rainfall on radial growth in two tropical tree species.
International Journal of Biometeorology, Sheridan, v. 41, n. 1, p. 13-16, 1997.

CARVALHO, P. E. R. Espécies arbdreas brasileiras, Colombo: Embrapa Florestas, 2003.
CAVERS, S. et al. Cryptic species and phylogeographical structure in the tree Cedrela odorata

L. throughout the Neotropics. Journal of Biogeography, Hoboken, v. 40, n. 4, p. 732-746,
2013.



23
CLARK, D. A.; CLARK, D. B. Assessing the growth of tropical rain forest trees: issues for
forest modeling and management. Ecological Applications, v. 9, n. 3, p. 981-997, 1999.

CLARK, D. A,; CLARK, D. B. Getting to the canopy: tree height growth in a neotropical rain
forest. Ecology, Davis, v. 82, n. 5, p. 1460-1472, 2001.

COOK, E.R.; KAIRIUKSTIS, L.A. Methods of Dendrochrology — Applications in the
Environmental Sciences. Dordrecht: Kluwer Academic Publishers, 1989, 394p.

COOK, E.R. et al. Drought reconstructions for the continental United States. Journal of
Climate, Berkeley, v. 12, p. 1145-1162, 1999.

COUTINHO, L. M. O conceito de bioma. Acta botanica brasilica, Belo Horizonte, v. 20, n.
1, p. 13-23, 2006.

CUFAR, K. Dendrochronology and past human activity—A review of advances since
2000. Tree-Ring Research, Washington, v. 63, n. 1, p. 47-60, 2007.

DA SILVA, D. C. G. et al. Genetic structure and diversity of Brazilian tree species from forest
fragments and riparian woods. In: CALISKAN, M. (Eds.), Genetic Diversity in Plants,
Shangai: InTech, 2012, p. -391-412.

DUNISCH, O.; BAUCH, J.; GASPAROTTO, L. Formation of increment zones and intraannual
growth dynamics in the xylem of Swietenia macrophylla, Carapa guianensis, and Cedrela
odorata (Meliaceae). lawa Journal, Leiden, v. 23, n. 2, p. 101-119, 2002.

DUNISCH, O.; MONTOIA, V. R.; BAUCH, J.. Dendroecological investigations on Swietenia
macrophylla King and Cedrela odorata L.(Meliaceae) in the central Amazon. Trees, Darmstadt,
v. 17, n. 3, p. 244-250, 2003.

DUNISCH, O. Influence of the El-nifio southern oscillation on cambial growth of Cedrela
fissilis Vell. in tropical and subtropical Brazil. Journal of Applied Botany and Food Quality,
Quedlinburg, v. 79, p. 05-11, 2005.

FAQ. Food and Agriculture Organization. Report of the Fifth Meeting of the FAO Panel of
Experts on Forest Gene Resources. Rome, 1984.

FRITTS, H. C. Tree rings and climate. London: Academic Press, 1976.
GIBSON, L. et al. Primary forests are irreplaceable for sustaining tropical biodiversity. Nature,
London, v. 478, n. 7369, p. 378, 2011.

GRANATO-SOUZA, D. et al. Tree rings and rainfall in the equatorial Amazon. Climate
Dynamics, Bologna p. 1-13, 2018.

IUCN. The IUCN Red List of Threatened Species: Version 2018-1. Cambridge, 2018.
Disponivel em: <http://www.iucnredlist.org/details/biblio/33928/0 >. Acesso em 20 de jul.
2018.



24
JUSTINIANO, M. J. et al. Guia dendroldgica de especies forestales de Bolivia. Santa Cruz
de la Sierra: El Pais, 2003.

LEBLOIS, A.; DAMETTE, O. ; WOLFERSBERGER, Julien. What has driven deforestation
in developing countries since the 2000s? Evidence from new remote-sensing data. World
Development, Ann Arbor, v. 92, p. 82-102, 2017.

LOBAO, M. S. Dendrocronologia, fenologia, atividade cambial e qualidade do lenho de
arvores de Cedrela odorata L., Cedrela fissilis Vell. e Schizolobium parahyba var.
amazonicum Hub. ex Ducke, no estado do Acre, Brasil. Tese (Doutorado em Recursos
Florestais )-Universidade de Sdo Paulo, Piracicaba, 2011.

MUELLNER, A. N. et al. Biogeography of Cedrela (Meliaceae, Sapindales) in central and
South america. American Journal of Botany, Storrs, v. 97, n. 3, p. 511-518, 2010.

MURPHY, P. G.; LUGO, A. E. Ecology of tropical dry forest. Annual review of ecology and
systematics, Palo Alto, v. 17, n. 1, p. 67-88, 1986.

NOCK, C. A.; METCALFE, D. J.; HIETZ, P.. Examining the influences of site conditions and
disturbance on rainforest structure through tree ring analyses in two Araucariaceae species.
Forest Ecology and Management, Eveleigh, v. 366, p. 65-72, 2016.

PAN, Y. et al. The structure, distribution, and biomass of the world's forests. Annual Review
of Ecology, Evolution, and Systematics, Palo Alto, v. 44, p. 593-622, 2013.

PAREDES-VILLANUEVA, K.; LOPEZ, L.; CERRILLO, R. M. F. Regional chronologies of
Cedrela fissilis and Cedrela angustifolia in three forest types and their relation to climate. Trees,
Darmstadt, v. 30, n. 5, p. 1581-1593, 2016.

PENNINGTON, T. D.; MUELLNER, A.N. A monograph of Cedrela (Meliaceae). Milborne
Port: Dh Books, 2010.

PEREIRA, G. A. etal. The Climate Response of Cedrela Fissilis Annual Ring Width in the Rio
Sdo Francisco Basin, Brazil. Tree-Ring Research, Washington, v. 74, n. 2, p. 162-171, 2018.

ROZENDAAL, D. M.A.; ZUIDEMA, P. A. Dendroecology in the tropics: a review. Trees,
Darmstadt, v. 25, n. 1, p. 3-16, 2011.

SASS-KLAASSEN, U. et al. A tree-centered approach to assess impacts of extreme climatic
events on forests. Frontiers in Plant Science, Lausanne, v. 7, p. 1069, 2016.

SCHIPPERS, P. et al. Tree growth variation in the tropical forest: understanding effects of
temperature, rainfall and CO2. Global Change Biology, Champaign-Urbana, v. 21, n. 7, p.
2749-2761, 2015.

SCHONGART, J. et al. Phenology and stem-growth periodicity of tree species in Amazonian
floodplain forests. Journal of Tropical Ecology, Winchelsea, v. 18, n. 4, p. 581-597, 2002.



25
SCHONGART, J. et al. Wood growth patterns of Macrolobium acaciifolium (Benth.)
Benth.(Fabaceae) in Amazonian black-water and white-water floodplain forests. Oecologia,
Marburg, v. 145, n. 3, p. 454-461, 2005.

SCHONGART, J. Growth-Oriented Logging (GOL): A new concept towards sustainable forest
management in Central Amazonian vérzea floodplains. Forest Ecology and Management,
Eveleigh, v. 256, n. 1, p. 46-58, 2008.

SCHONGART, J. et al. Dendroecological Studies in the Neotropics: History, Status and Future
Challenges. In: AMOROSO, M.M., et al. (Eds.), Dendroecology. Cham: Springer, 2017, p.
35-73.

SHEPPARD, P. R. Dendroclimatology: extracting climate from trees. Wiley Interdisciplinary
Reviews: Climate Change, Cambridge, v. 1, n. 3, p. 343-352, 2010.

SLIK, J. W. F. et al. An estimate of the number of tropical tree species. Proceedings of the
National Academy of Sciences, Washington, v. 112, n. 24, p. 7472-7477, 2015.

SPECIESLINK. Sistema distribuido de informacdo que integra dados priméarios de colecbes
cientificas. Sdo Paulo, 2017. Disponivel em: <http://splink.cria.org.br/>. Acesso em: 18 ago.
2017.

STAHLE, D. W. et al. Management implications of annual growth rings in Pterocarpus
angolensis from Zimbabwe. Forest Ecology and Management, Eveleigh, v. 124, p. 217-229,
1999.

STAHLE, D. W. et al. Tree-ring data document 16th century megadrought over North America.
Eos, Transactions of the American Geophysical Union, Washington, v. 81, n.12, p. 212-125,
2000.

STAHLE, D. W,; FYE, F.K.; COOK, E.R. Tree-ring reconstructed megadroughts over North
America since AD 1300. Climatic Change, Princeton, v. 83, p. 133-149, 2007.

STAHLE, D. W. et al. Atlantic and Pacific influences on Mesoamerican climate over the past
millennium. Climate Dynamics, Bologna, v. 39, n. 6, p. 1431-1446, 2011a.

STAHLE, D. W. et al. Major Mesoamerican droughts of the past millennium. Geophysical
Research Letters, Stanford, v. 38, n. 5, 2011b.

STAHLE, D.W. et al. The Mexican Drought Atlas: Tree-ring reconstructions of the soil
moisture balance during the late pre-Hispanic, colonial, and modern eras. Quaternary Science
Reviews, Wollongong, v. 149, p. 34-60, 2016.

SWETNAM, T. W.; BETANCOURT, J. L. Mesoscale disturbance and ecological response to
decadal climatic variability in the American Southwest. Journal of Climate, Berkeley, v. 11,
n. 12, p. 3128-3147, 1998.



26
TOMAZELLO FILHO, M.; BOTOSSO, P. C.; LISI, C. S. Potencialidade da familia Meliaceae
para dendrocronologia em regides tropicais e subtropicais. In: ROIG, F. A. Dendrocronologia
en Ameérica Latina. Mendoza: EDIUNC, 2000, p. 381-431.

TOMAZELLO FILHO, M.; BOTOSSO, P. C.; LISI, C. S. Anélise e aplicacbes dos anéis de
crescimento das arvores como indicadores ambientais: dendrocronologia e dendroclimatologia.
In: MAIA, N. B.; MARTOS, H. L.; BARELLA, W. (Org.). Indicadores ambientais: conceitos
e aplicagdes. S&o Paulo: Educ, 2001. p. 117-143.

VENTER, O. et al. Sixteen years of change in the global terrestrial human footprint and
implications for biodiversity conservation. Nature Communications, London, v. 7, p. 12558,
2016.

VILLALBA, R.; BONINSEGNA, J. A.; HOLMES, R. L. Cedrela angustifolia and Juglans
australis: two new tropical species useful in dendrochronology. Tree-ring bulletin, Loveland,
1985.

VILLALBA, R.; HOLMES, R. L.; BONINSEGNA, J. A. Spatial patterns of climate and tree
growth variations in subtropical northwestern Argentina. Journal of Biogeography, Hoboken,
v. 19, n. 6, p. 631-649, 1992.

WRIGHT, S. J.; VAN SCHAIK, C. P. Light and the phenology of tropical trees. The American
Naturalist, v. 143, n. 1, p. 192-199, 1994.

WORBES, M.; JUNK, W. J. Dating Tropical Trees by Means of *C From Bomb Tests.
Ecology, Davis, v. 70, n. 2, p. 503-507, 1989.

WORBES, M. The forest ecosystems of the Amazonian floodplains. In: Junk W.J. (Eds), The
Amazonian floodplains: Ecology of a pulsing system. Ecological Studies, 126. Berlin:
Springer, 1997, p. 223-265.

WORBES, M. Annual growth rings, rainfall-dependent growth and long-term growth patterns
of tropical trees from the Caparo Forest Reserve in Venezuela. Journal of Ecology, London,
v. 87, n. 3, p. 391-403, 1999.

WORBES, M. One hundred years of tree-ring research in the tropics—a brief history and an
outlook to future challenges. Dendrochronologia, Birmensdorf, v. 20, n. 1-2, p. 217-231,
2002.

ZHANG, Z. Tree-rings, a key ecological indicator of environment and climate change.
Ecological indicators, Freiberg v. 51, p. 107-116, 2015.



27

CAPITULO 2

ARTICLE: GROWTH TRAJECTORIES OF Cedrela spp. IN NEOTROPICAL MOIST
AND DRY FORESTS



© 0 N o u b~ W N R

[ Y
N O

28

Growth trajectories of Cedrela spp. in Neotropical Moist and Dry Forests
Elisa Mousinho!, Ana Carolina Barbosa*!, Gabriel Assis Pereirat?, Camila Lais Farrapo?,

Daniela Granato-Souzal

! Laboratorio de Dendrocronologia, Departamento de Ciéncias Florestais, Universidade Federal
de Lavras (UFLA), PO Box: 3037, Lavras, MG, Zip Code: 37200-000, Brasil.

2 Universidade Federal do Mato Grosso do Sul (UFMS), PO Box: 112, Chapad&o do Sul, MS,
Zip Code 79560-000, Brasil

*Corresponding author: anabarbosa@dcf.ufla.br

Nas normas da revista Dendrochronologia.



13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

29

ABSTRACT

The Neotropical region harbours one among the world's most threatened megadiverse forests.
Therefore, the development of studies that produce reliable data and arguments to favour its
conservation is urgent. Dendrochronology, the science of tree-rings, is a tool that allows the
reconstruction of the tree's life history and thus, a better understanding of tree growth. In view
of its widespread distribution in the Neotropics and the formation of very distinct annual growth
rings, the genus Cedrela is the target for this study. We reconstructed the growth trajectories of
Cedrela spp. trees in two contrasting regions: Cedrela odorata from the Tropical Moist Forest
of the Amazon and Cedrela fissilis from the Tropical Dry Forest of the Cerrado-Caatinga
ecotone. We used cross sections and cores obtained by increment borer. We prepared the
samples following standard dendrochronological procedures, including the skeleton-plot
method for crossdating tree-ring time series. We calculated relative changes in growth per
individual, detected annual disturbance events (releases and suppressions) and tested the
climatic correlation using the Palmer Drought Severity Index (PDSI) at both sites. When we
synchronized the frequency of the disturbance events per calendar year, we observed that the
population of Cedrela odorata from the moist forest had a lower frequency compared to the C.
fissilis population from the dry forest, where suppression events are more related to climatic
influence. When related to tree age, the moist forest presented low frequency of suppression
events, while the dry forest presented low frequency of suppression and release events. The
radial growth pattern of Tropical Dry Forest correlated positively with the index derived from
PDSI, whereas no correlation was found for the moist forest, showing that tree growth variation
may be influenced by complex forest dynamics, including light competition and other non-
climatic factors. These results provide information on the growth of Neotropical native species
that can serve as a basis for future research and monitoring for conservation.

Keywords: Dendroecology; Relative growth change; Growth disturbances; Amazonian Forest;
Cerrado-Caatinga; Forest Ecology.
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1 Introduction

Neotropical forests harbour thousands of tree species (Slik et al., 2015) important for its
role in the hydrological regime, in the cycling of nutrients and in numerous ecosystem processes
(Pan et al., 2013). Brazil, as the most megadiverse country in the world (DaSilva et al., 2012),
sheltering distinct vegetation complexes in relation to species distribution and composition in
the biomes: Amazon, Cerrado, Atlantic Forest, Caatinga, Pantanal and Pampa (Coutinho,
2006). Due the forest pressure caused by the raw material exploitation, the economy based on
agricultural production and the own population growth (Leblois et al., 2017) there is an urgent
need to concentrate efforts on the development of environmental studies in order to produce
favourable arguments and to support conservation policies.

The great majority of studies in the forest area that deals with questions of floristic
composition, species distribution, mortality, recruitment and growth of individuals usually use
data from temporary and permanent plots. In order to obtain forestry long-term information,
despite the permanent plots’ great importance, they are considered insufficient comparing with
the tropical tree lifespan (Brienen et al., 2006; Schongart, 2008). The dendrochronology,
complementarily, allows the reconstruction of the tree growth history during its entire life.
Through the tree-rings analysis it is possible to study the age, growth rate, climate-growth
relation, management and conservation of species by area (Schongart et al., 2017).

The genus Cedrela P. Browne, belonging to the Meliaceae family, includes 17 species
distributed from Central America to South America (Muellner et al., 2010), has timber species
of global economic importance (Cavers et al., 2013). Their species are usually deciduous and

moderately shade tolerant. They grow rapidly in forest clearings on varying soils and
topography, but require good drainage (Justiniano et al., 2003). In consequence of vulnerable
status and habitat preferences, C. odorata L. and C. fissilis Vellozo are listed in Red List of
endangered species (IUCN, 2018).

Due to that great amplitude of occurrence and the formation of very distinct annual
rings, the genus Cedrela is considered the most promising for dendrochronological studies in

the Neotropics. Studies that present data on the growth of native trees from long time series are
still scarce in Brazil. Information on age-based growth and ecological responses that span the
tree's entire life can help to understand which environmental factors influence the growth rates

of tree formation in plants, as well as provide information on population dynamics,
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development and ecosystem productivity (Schongart et al., 2017). In order to increase the
knowledge on the conservation of Neotropical species, we analysed Cedrela spp. populations
from two contrasting sites.

We aimed to reconstruct Cedrela fissilis and Cedrela odorata growth trajectories in the
Amazon rainforest and the Cerrado-Caatinga ecotone. In this way, we set out the following
hypotheses: (1) The release and suppression events of the Cedrela spp. growth occur randomly
(without synchrony among trees) in the rainforest while synchronized in the tropical dry forest;
(2) The Cedrela spp. population from tropical moist forest presents higher suppression events
frequencies in the initial phase of life and release events at more advanced ages; in the tropical
dry forest, the Cedrela spp. population has lifelong suppression events; (3) The climatic
sensitivity of the annual Cedrela spp. is lower in the Amazon rainforest than in the tropical dry
forest of the Cerrado-Caatinga ecotone.

Considering the principle of the most limiting environmental factor for the radial growth
rate (Fritts, 1976; Tomazello Filho et al., 2001), we know that tropical rainforest, more limited
by the light availability (Baker et al., 2003; Brienen et al., 2010; Clark and Clark, 1999) and
characterized by greater climatic stability comparing to tropical dry forest (Murphy and Lugo,
1986; Wright and Van Schaick, 1994). Therefore, tropical moist forest presents stochastics tree
growth disturbances events related to ecological processes as competition among light
demanding individuals. In other way, tropical dry forests are limited by the seasonal water
availability (Baker et al., 2003; Bullock, 1997; Murphy and Lugo, 1986), so their tree radial
growth presents synchronism with climatic variation (dry and wet periods, Oliveira-Filho et al.,
1998; Pereira et al., 2008).

2 Material and Methods

2.1 Study site and target species

We sampled at two different regions in Brazil: Amazon Rainforest (Tropical Moist
Forest - TMF) and Cerrado-Caatinga ecotone (Tropical Dry Forest - TDF) (Fig.1). The first
site (1.45° S, 54.12° W) is located in Almeirim city, in the state of Para, within the Paru State
Forest, where predominates Submontane Dense Ombrophilous Forest formations (IBGE,
2004). Despite an average annual precipitation of 1,970 mm, Almeirim presents seasonal
rainfall with precipitation lower than 150 mm in July, August and September (1961-2017;
INMET 2017). According to Képpen and Geiger the climate is classified as Am.
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The second site (14.50° S, 44.17° W) is situated in Juvenilia, Minas Gerais state.
Regional vegetation was classified by Pennington (2000) as Tropical Dry Forest. The annual
rainfall is 868 mm and during the dry season, from June to August, the average precipitation
is lower than 20mm (1961-2017; INMET 2017).

The genus Cedrela (Meliacea), considered a habitat generalist, is characterized by
relatively light-demanding canopy tree that can tolerate shade (Brienen and Zuidema, 2006).
Cedrela fissilis and Cedrela odorada are present in all Brazilian regions. We chose Cedrela
spp. (Cedrela fissilis and Cedrela odorata) for this research due to its wide distribution in
South America (Pennington; Muellner, 2010; Banda et al., 2016), deciduous foliar phenology
(Santos and Takaki, 2005), anatomically distinct tree-rings and high radial growth rate,
important attributes for dendroecological studies (Hietz et al., 2005; Brienen et al., 2012).
Additionally, they have a global economic importance (Cavers et al., 2013) and these species
are listed in the Red List of endangered species (IUCN, 2018).

2.2 Sample collection and Tree-ring Chronologies

We obtained cross sections of Cedrela odorata due to an agreement with the company
that presents concession for the forest management on the Tropical Moist Forest (TMF) of the
Amazon. In the Tropical Dry Forest (TDF) from Cerrado-Caatinga ecotone, we collected
increment cores extracted at breast height from Cedrela fissilis trees >5 cm DBH in two to four
directions to avoid false and missing tree-rings.

We selected cross sections from 86 trees from TMF and cores from 58 trees from the
TDF. All selected samples were from well-established trees which contained pith. We prepared
the samples following standard dendrochronological procedures. Samples were air-dried and
sanded until rings were well visible. We marked manually all tree-ring boundaries, defined by
marginal parenchyma bands. Ring-width series were crossdating within trees and then among
trees using the skeleton plot technique (Stokes and Smiley, 1968). We measured ring-width
series with a digital measuring device Lintab (Rinntech, 2017) to the nearest 0.001 mm and a
stereomicroscope and we used the program COFECHA (Holmes, 1983) to verify crossdating
and measurement accuracy. We considered the average tree-ring width series per sampled

individuals to avoid local variability of growth within the stem.
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2.3 Determination of Relative Growth Change

We calculated the relative growth changes based on a widely used (Altman et al., 2014;
Trotsiuk et al., 2018) method proposed by Nowacki and Abrams (1997). The parameters used
for these analyses were: the average growth rate of 10 years prior and 10 years subsequent to
the analysed year, to eliminate strong inter-annual influences caused by climate fluctuations
(Baker and Bunyavejchewin, 2006) and a length of 5 years of sustained growth change to be
considered as a release or suppression event (Brienen et al., 2010). Therefore, we calculated the
relative growth change (RGC) in yearly increments across individual tree-ring chronologies
using the formula: RGC = [(M2-M1)/M1]*100. Where RGC = percentage growth change
between prior and sequent 10 years means, M1 = prior 10 years mean, and M2 = sequent 10 years
mean. We defined, as suggested by some Neotropical dendroecological researches, a release
event as an increase of 100% or higher in the growth rate (Brienen et al., 2006; 2010; Schongart,
2015) while suppressed events were defined as a decrease of 50% (Schongart, 2015). This
detection based on strong and lasting growth differences it considered quite conservative
(Nowacki and Abrams, 1997; Brienen and Zuidema, 2006).

After the observation, of those events, we calculated the frequencies of suppressions and
releases that started in the same year (Brienen et al., 2010) in the calendar years and in the trees
lifespan in the Tropical Moist Forest (TMF) and the Tropical Dry Forest (TDF). We considered

a minimum sample number of 10 trees per year to verify the events frequencies.

2.4 Climatic factor

To check the climatic effects on tree-ring chronologies, based on Nowacki and Abrams
(1997), we used the Palmer drought severity index (PDSI) (Palmer, 1965). This index is one of
the most widely used and globally recognized indicators for drought quantification that
considers the weather conditions of the previous months are required to maintain the rainfall in
an area (Rossato et al., 2017). The PDSI is a measure for soil moisture availability, in which a
value of 0 indicates normal moisture conditions, while positive values indicate wet and negative
values indicate dry conditions.

The CRU 0.5° gridded self-calibrating PDSI version 3.25 data (Harris, 2014) were used
to examine the climatic signal in the trees chronologies. We used the growing season PDSI
(October—March average) for analysis. According to Nowacki and Abrams (1997), we

converted the PDSI data to adequately evaluate climatic trends relative to RGC data in a similar
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format: PDSlqgifr = P2-P1. Where PDSlqiss = difference between prior and sequent 10 years PDSI
means; P1 = prior 10 years PDSI mean; and P> = sequent 10 years PDSI mean. Like RGC
values, calculated PDSlqiff were placed at the last year of the preceding 10 years PDSI mean.

In order to verify the influence of climatic factors in growth patterns, first, we checked
the data normality with the Shapiro Wilk test and we found not normal data in both sites (TMF:
W =0.9606, p-value = 0.0060; TDF: W = 0.9536, p-value = 0.0019). Then, we chose to use the
Spearman correlation tests to correlate RGC with PDSlgifr (Nowacki and Abrams, 1997). All
analyses were carried on the R software (R Core Team, 2016).

3 Results

3.1 Tree-ring Chronologies statistics

The samples were crossdated and exhibited a common signal between trees from both
sites. Significant inter-series correlation was found for the Cedrela spp. species series from
TMF (from 1759 to 2016) with r = 0.489 and TDF (from 1842 to 2016) with r = 0.613, in both
sites the results were above the critical level (Fig.2). These high inter-series correlations
confirmed the annual nature of tree-rigs from Cedrela trees from study sites (Stahle, 1999). In

the old years there are fewer sets of increments.

3.2 Relative Growth Change by calendar year

We reconstructed the growth of individual tree in the tropical moist and dry forests and
detected events of annual disturbances by calendar years and tree’s lifespan. Considering a
minimum sample of 10 trees, we analysed the suppressions and release events frequency per
year.

We synchronized the frequencies of annual disturbances events by calendar year and
observed that in TMF the periods with the highest suppression frequencies occurred between
the years 1830 to 1832 (~9%) and 1860 to 1869 (~8%), and the period with the highest release
events was from 1877 to 1882 (~7%). Thereafter, alternating periods of low frequencies of
release and suppression events occurred, some years with both events. (Fig.3). In TDF the
greater release events frequency were detected between the years of 1958 to 1960 (~7%),
however the suppression events with the highest frequencies concentrated between the periods
of 1946 to 1953 (~7%) and 1980 to 1987 (~15,5%), reaching a maximum of 31% of the trees
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sampled in 1984 in TDF. Different from TMF, events frequencies occurred separately and

grouped in few periods (Fig.4).

3.3 Relative Growth Change by Tree Age

When analysing events during the tree’s lifespan, in order to observe the events since
its establishment, we observe no sustained release in the sample trees in the TMF and low
altering frequencies of suppression during almost the entire analysed period. The suppression
events frequency is greater in the beginning of trees life and after 130 year (Fig.5). The release
and suppression frequencies events were low in the TDF. The maximum suppression frequency
was around 10% between 36 and 42 years and we did not find well defined patterns during the

observed period (Fig.6).

3.4 Climatic factor

To verify the influence intensity that climatic factors have above the growth patterns in
both forests we correlated the average of Relative Growth Change (RGC) with the difference
Palmer Drought Severity Index (PDSlqiff) in each site. In the TDF we found a correlation
between RGC and PDSlqgifr (p-value < 0.0001; rho = 0.4604; S = 7955). However, we did not
find correlation between RGC and PDSlgifr (p-value = 0.2822; rho =-0.1113; S =1588) in TMF.

4 Discussion

In this research, we analysed temporal growth patterns of Cedrela spp. individual trees
to detect growth disturbances events using relative growth changes and tested a climatic
influence in tropical moist forest (TMF) and tropical dry forest (TDF). We observe that Cedrela
spp. population from TMF presented more periods with suppression events, but with a much
lower frequency of suppressed trees in relation to the TDF population. When we synchronized
the frequency of disturbance events with the trees lifespan, the frequencies seem to present a
pattern linked to the ecology of the individuals in the TMF and the TDF population did not
presented a well-defined pattern. As we expected, the relative growth change (RGC) from TMF
population showed no correlation with the index derived from PDSI (PDSlgifr) and growth
pattern variation from TDF population correlated positively.
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According to Brienen et al. (2010), tree growth trajectories of Cedrela spp. are probably
governed by temporal oscillations in light availability in TMF. They suppose that Cedrela
populations would show more and longer suppressions periods in TMF compared to TDF. In
fact, the population from TMF had more and longer periods of suppression events than the
population from TDF, but the trees frequency in those events were much lower. In the TMF,
the population did not show a clear pattern due to random behaviour and therefore are not
synchronized among trees. While in the TDF, a suppression events period was highlighted for
being aggregated with high frequency in consecutive years, indicating a severe drought that
influence a larger number of trees. The Cedrela fissilis population synchronism with climatic
variation shows that water availability is most likely the largest effect influencing tree radial
growth in TDF (Oliveira-Filho et al. 1998; Pereira et al., 2018).

When we analysed disturbance event frequencies synchronized by tree ages since its
establishment, the events had lower frequencies in both sites. We expected that Cedrela
population from TMF would have frequencies of suppression events in the early stages of life
and high release events frequency at more advanced ages because of a greater light
competitiveness in this type of forest (Baker et al., 2003; Brinen et al., 2010) and the population
from TDF presents periods of suppression throughout the life because they are more susceptible
to extreme climatic conditions (Baker et al., 2003; Bullock, 1997; Murphy and Lugo, 1986).
Our results, despite the low frequencies, showed that, in fact, the suppression events frequencies
were high in early ages and decreased until around 130 years when it starts to increase in the
TMF population and occurred throughout the analysed period in the TDF. These results suggest
that suppression events are more related to ecological process (tree age) in moist tropical and
disturbances events in TDF does not appear to be related to tree ages, by with the climate.
Contrasting with Brienen et al. (2010) results, our analysis using successful trees (all studied
trees have reached the canopy) detected no release events occurred in the TMF population. This
could be explained by the continuous tree growth caused by an abundance of resources and
climate stability (Murphy and Lugo, 1986; Wright and VVan Schaick, 1994) in this site, but we
need more sampling and research to conclude.

We observed a lower signal of the climatic effect in the Cedrela spp. series inter-
correlation of the TMF which, because it is lower, indicates that the radial growth of the TMF
population is less influenced by the climate than the population of the TDF. We correlated the

relative growth change (RGC) with PDSlgifs to verify if climatic factors influence in the growth
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patterns in the two Cedrela spp. populations. Corroborating with the others results cited above,
that climate index had no correlation with the radial growth of the population from TMF, which
may show the Cedrela spp. growth trajectories are mainly influenced by non-climatic factors
affecting the moist closed-canopy collection site (Granato-Souza et al., 2018). The significant
positive correlation among PDSlgirr and RGC in the TDF demonstrated, as we predicted, that
climate has a strong effect on radial growth patterns in this type of forest (Brienen et al., 2010;
Pereira et al., 2018; Worbes, 1999).

5. Final Remarks and Conclusions

The recognition periods of release and suppression events in the growth series may
improve the understanding of the growth strategies of this Neotropical tree. We saw that
Cedrela spp. populations from TMF seems to be maintained in a different way than TDF
populations, which give rise to variation in trajectories of the same genus in contrasting forest
types. Naturally, we suggest a thorough analysis of the Cedrela spp. trees life history with more
information in all life stages. We expect to contribute to the progress in understanding the
dynamics and history of tropical forests. The results of this research provide information on the
growth of native species that can serve as a basis for future research and monitoring for

conservation.
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Figures

Figure 1. (A) Brazilian map including sampled location in the tropical moist forest site (square)
and tropical dry forest (triangle), and Cedrela odorata (black dots) and C. fissilis (white dots)
distribution (Specieslink, 2018); Normal climatological from (B) tropical moist forest (TMF)
and (C) tropical dry forest (TDF) areas (1961-2017; INMET 2017).
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Figure 2. Interseries correlation among all trees from each site. The black curve represents the
mean and the grey shadow represents all the increment series from each site. The TMF shows
86 trees from 1786 to 2016 and the TDF shows 58 trees from 1842 to 2016. The results were

above the critical level, with 99 percent of confidence.
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Figure 3. Release (green bars) and suppression (red bars) events frequency per calendar year.

In the second axis, the Cedrela spp. population from tropical moist forest annual increment

average.
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480  Figure 4. Release (green bars) and suppression (red bars) events frequency per calendar year.
481 In the second axis, the Cedrela spp. population from tropical dry forest annual increment

482 average.
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484  Figure 5. Release (green bars) and suppression (red bars) events frequency per tree age of

485  Cedrela spp. population from tropical moist forest.
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487  Figure 6. Release (green bars) and suppression (red bars) events frequency per tree age of
488  Cedrela spp. population from tropical dry forest.
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CONCLUSAO FINAL

O reconhecimento de periodos com eventos de liberacao e supressdo na série de anéis
de crescimento das arvores de Cedrela spp. podem melhorar nosso entendimento sobre as
estratégias de crescimento das arvores neotropicais. Vimos que a populagéo de Cedrela spp. da
floresta Umida parece ser sustentada de forma diferente da populacédo da floresta seca, o que da
origem as variagdes nas trajetorias do mesmo género em tipos de floresta contrastantes.
Naturalmente, sugerimos uma analise aprofundada do histérico do crescimento das arvores de
Cedrela spp. com mais informac6es durante todas as fases de sua vida. Esperamos contribuir
para o progresso no entendimento da dindmica e histdria das florestas tropicais. Os resultados
desta pesquisa fornecem informac6es sobre o crescimento de espécies nativas que podem servir

de base para pesquisas futuras e monitoramento para conservagao.



