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CARTA N° 003-2026-UNAMAD/IHC

Sefior (a):
Dra. Luz Marina Almanza Huamén
Vicerrectora de Investigacion-UNAMAD

Asunto. Entrega de informe anual 2025, docente
investigador.

Tengo el agrado de dirigirme a usted, para saludarla e informarle que mediante la presente
hago entrega del informe Anual de actividades de Docente Investigador, correspondiente al afio 2025.

Adjunto documento de 53 paginas donde se describen las actividades y documentos correspondientes al
mencionado afio.

Sin otro en particular, me despido de usted y aprovecho la oportunidad para hacerle llegar
mis altas consideraciones.

<V
Dr. Isau Huamantupa Chuguimaco

Docente Investigador UNAMAD/ Investigador CONCYTEC
Cadigo de Registro: P0016356/Nivel: Investigador Distinguido
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ANEXO 03 - INFORME ANUAL DE EJECUCION DE ACTIVIDADES DE INVESTIGACION DE LA UNAMAD

SENOR(A) VICERRECTOR(A) DE INVESTIGACION DE LA UNIVERSIDAD NACIONAL AMAZONICA DE MADRE
DE DIOS

S.V.
I. Datos informativos
Nombres y apellidos: ISAU HUAMANTUPA CHUQUIMACO
DNI Ne: 42341964
Departamento  académico, programa
académico o dependencia de la UNAMAD: | CIENCIAS BASICAS
Codigo AIRHSP N° 000419
Registro RENACYT N° P0016356/Nivel: Investigador Distinguido
Periodo de ejecucion Del 01 de marzo al 31 de diciembre de 2025

En aplicacion del Articulo 9° del REGLAMENTO DEL DOCENTE INVESTIGADOR DE LA UNIVERSIDAD
NACIONAL AMAZONICA DE MADRE DE DIOS (versién 4.0), remito INFORME ANUAL DE EJECUCION
DE ACTIVIDADES DE INVESTIGACION, cuyos productos describo a continuacion:

II. Cronograma de ejecucion

ACTIVIDAD VINCULADA + TITULO O CRONOGRAMA DE EJECUCION (MESES)

: ANO 2025
DEGNING SN M1 M2 M3 M4 M5 M6 M7

N*® OBJETIVO ESTRATEGICO

M8 M3 Mi10 M11 M12

1 Incrementar produccién cientifica per gﬁ;ﬁgﬁ'ﬁ;zﬁa:mws Pabicesteres; o X !

_ capita de calidad [ | -
i . — - - ! 1 .‘...;.. _'_|
| o |Incrementar produccién cientifica per gi;?;iﬁfgizgjaguews Pupicadnes;on | x | |
(capita de caidad | i ' :
3 Incrementar produccidn cientifica per iﬁ?;;::;izggagua“s publicaciones. on ' % ; I
cépita de calidad _ [ |
4 Incrementar produccion cientifica per |Generacion de otros productos  de | | X i '—
cépita de calidad ) investigacion i i_ il I ||
5 |Incrementar produccion cientifica per |Generacion de ofros productos de . ;' X ' '
cépita de calidad investigacion | i i

| Incrementar el nimero de proyectos |Contribuir a la formacion de recursos f { =]
| 6 |del+D ejecutados porgruposde  |humanos . | X :
investigacion | i}
7 Incrementar produccién cientifica per |Generacion de otros productos de X | i
capita de calidad investigacion o === S el R, BT
g |Incrementar produccién cientifica per gig?;Z?:;md:aguevas publicaciones en| | ; i ’ :
cépita de calidad | [ [ | E
_9 " Incrementar produccién cientifica per |Generacion de otros productos de | | ' S T
|~ |cépitadecaidad |invesigacion N S T N Y -

| re s : |
| 4g |Incrementar producion cientifica per f:ig?;asc}r:giz::a:uevas ilbioacorngs oi1 .[ Ix i
capita de calidad | é !
| 4 Incrementar produccion cientifica per ES;E':;": el s . ' X '
capita de calidad | ] - Lol |
= L I 1 B | S T |
| Incrementar el nimero de proyectos |Contribuir a la formacion de recursos I [ ] |
| 12 |de I+D ejecutados por grupos de humanos | : x|
| investigacion _ | ' —I
[ ' b ) o

lll. Medios de verificacién

12 GENERACION DE NUEVAS PUBLICACIONES EN REVISTAS INDIZADAS (Publicaciones en revista indizada en Scopus o
3 WOS (no se incluyen revistas ESCI), con afiliacion del profesor a la UNAMAD)

L UNAMAD: *Investigacion, Innovacion y Emprendimiento Global" ' |
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GENERACION DE NUEVAS TESIS ASESORADAS Y SUSTENTADAS (asesoramiento de tesis de pre o posgrado de la

UNAMAD, sustentada
GENERACION DE ¢

ROS PRODUCTOS DE INVESTIGACION (participacién como expositor en congresos cientificos,

presentacion de solicitud de patente o similar, publicacion de libro o capitulo de libro de investigacion en base cientifica

indizada, solicitud de patente aceptada y en tramite)

CONTRIBUIR A LA FORMACION DE RECURSOS HUMANOS (participacion como ponente, asesor de trabajos de

investigacion para bachillerato, asesor de proyectos de investigacion junior)

Medio de divulgacion

(revista / conferencia /
repositorio / otro)

| GENERACION

ACTIVIDAD
VINCULADA

| GENERACION DE
| NUEVAS

PUBLICACIONES EN
| REVISTAS INDIZADAS |
GENERACION DE
NUEVAS

| PUBLICACIONES ~ EN
REVISTAS INDIZADAS

GENERACION  DE
| NUEVAS
PUBLICACIONES  EN

REVISTAS INDIZADAS

| CONTRIBUR A LA

FORMACION DE
RECURSOS HUMANOS
| GENERACION  DE |

OTROS PRODUCTOS
DE INVESTIGACION

| CONTRIBUR A LA

FORMACION DE
RECURSOS HUMANOS
| GENERACION  DE

OTROS PRODUCTOS
DE INVESTIGACION

| GENERACION
NUEVAS
PUBLICACIONES  EN

| REVISTAS INDIZADAS
OTRAS ACTIVIDADES
VINCULADAS

NUEVAS
PUBLICACIONES EN
REVISTAS INDIZADAS

GENERACION

NUEVAS TESIS

ASESORADAS ¥
| SUSTENTADAS

| Amazon tree taxa

| tree flora and forests

| Madre de Dios.

DE |

==

DE |

| Reserva Tambopata - Madre de Dios |

Titulo (investigacion / producto /

Consistent patterns of common
species across tropical tree
communities

Articulo publicado en
revista NATURE
(Anexo 1).

Phylogenetic conservatism in the
relationship between functional and
demographic characteristics in

Articulo publicado en
revista Funtional
Ecology (Anexo 2)

revista Communications
biclogy
(Anexo 3).

Functional composition of the
Amazonian

Articulo publicado en
revista SCIENCE
(Anexo 4).

Tropical forests in the Americas are
changing too slowly to track climate
change § | .
Proyecto de investigacion

sleccionado para financiamiento:

Monitoreo y anélisis de la diversidad, Acta de resultados

biomasa y dinamica arborea en la finales
cordillera Amazonica Pantiacolla y (Anexo 5)
areas adyacentes en la reserva de

| BiosferadelMand |
Proyecto de Tesis asesorado,
saFecc;or‘]adq‘para ﬁnanmamenp_ Ko e liteias
Caracterizacion de la regeneracion gl
natural de Bertholletia excelsa (Anexo 6)

Bonpl., en dos tipos de bosque
Amazonico, distrito Las Piedras,

Poster de investigacion seleccionado
como primer puesto en V
CONFERICIS. «Flora y vegetacion de
las Pampas del Heath, Gnica Sabana
del Perin

Poster y Resolucion de
Vicerrectorado de
Investigacion

Leaf morphometry of six

Podocarpaceae species from Peru: Revista cientifica

A contribution to their taxonomic {Anexc 8)
|_identification SRR I
| - Libro de Resumenes
Participacion como ponente y | - Certificados de
organizador en el XIX CONABOT Participacion

(Anexo 9, Anexo 10)

[ Joumnal: The
Centuries of compounding human Prc}ceedings Bt
influence on Amazonian forests | Nahgnal Aoatiouny of

| Sciences (PNAS)

) | {Anexo 11)

Tesis  sustentada con  acta:
Regeneracion natural de Bertholletia
excelsa Bonpl. (Lecythidaceae), en un Acta de Sustentacion
bosque de tierra firme en la {(Anexo 12)

Zona de Amortiguamiento de la |

| Articulo publicado en |

DOI/URL / ofro

https:/fwww.nature.com/articles/s
41586-023-06820-2

https:/fbesjournals.onlinelibrary.w
ley.com/doi/fulli10.1111/1365-
2435.14700

https://www.nature.com/articles/s
42003-025-07768-8

https:/iwww.science.org/doi/10.1
126/science.adl5414

hitps:/fvri.unamad edu.pe/sigvri

https://vri.unamad.edu.pe/sigvri

Resolucion N°241-2025-
UNAMAD-VRI
(Anexo 7)

https:/irepositorio.inia.gob.pefite
msf21b94558-cfef-4d7e-96cd-
73305d4ebf07
https:/isites.google.com/unamad.
edu pe/xix-conabotilibro-de-
res%C3%BAmenes?authuser=0

https:/fsgqd.unamad.edu.pe/consu
 ltaslconstancias

https:/iwww.pnas.org/doi/10.107
3/pnas.2514040122

N# 712-2025-UNAMAD-DF|
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REGLAMENTO DEL DOCENTE INVESTIGADOR
DE LA UNIVERSIDAD NACIONAL AMAZONICA

DE MADRE DE DIOS (version 4.0)

CODIGO : RDI-205
VERSION : 4.0
FECHA : 04/2025

LIDERAR, DIRIGIR O ASESORAR (grupo de investigacion, semillero de investigacion, centro de investigacion,
de investigacion u ofra modalidad organizativa)’
ASUMIR CARGOS VINCULADOS EN LA GESTION DE LA INVESTIGACION (coordinador general de proyecto de

investigacion, designacion cargo de director de drgano de linea del VRI)?

instituto

PARTICIPACION COMO EVALUADOR EN CONVOCATORIAS DE INVESTIGACION (miembro de comité evaluador,
miembro de comité cientifico de revistas institucionales, miembro de jurado de tesis)?

ACTIVIDAD VINCULADA Denominacién (nombre / titulo /
N° (denominacion de la cargo / convocatoria / tesis / otro)
actividad) _del medio de verificacion’23

Documento sustentatorio
(Acta / resolucion / contrato / otro)

PSR

Firma (Remitente)

J;M HUMnMﬁ;/Wa, m/wgwn Magz

Nombres y apellidos (Remut&nte)

OBJETIVOS ESTRATEGICOS

Incrementar tasa de docentes RENACYT por cada 100 docentes de la UNAMAD
Incrementar tasa de docentes RENACYT por cada 100 investigadores en formacion de la UNAMAD que participan en actividades de |+D+i+e

Incrementar produccion cientifica per capita de calidad

Incrementar el nimero de proyectos de I+D sjecutados por grupos de investigacion

ACTIVIDADES VINCULADAS

Generacion de nuevas publicaciones en revistas indizadas

Generacion de nuevas tesis asesoradas y sustentadas

Generacion de ofros productos de investigacion

Contribuir a la formacion de recursos humanos

Puerto Maldonado, 15 de enero de 2026

UNAMAD: “Investigacion, Innovacion y Emprendimiento Global"
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Anexo 1. Articulo publicado en revista Scientific reports.

www.nature.com/scientificreports

scientific reports

OPEN

W Check for updates

Large range sizes link fast life
histories with high species richness
across wet tropical tree floras

Timothy R. Baker* , Stephen Adu-Bredu?, Kofi Affum-Baffoe?, Shin-ichiro Aiba*%,

Perpetra Akite®, Miguel Alexiades®, Everton Almeida’, Edmar Almeida de Oliveira®?, Esteban
Alvarez Davila®, Christian Amani®®!, Ana Andrade®?, Luiz Aragac®®**, Alejandro Araujo-
Murakami®®, Eric Arets'®, Luzmila Arroyo®®, Peter Ashton®,

Suspense A. Averti Ifo®, Gerardo A. C. Aymard!®, Michel Baisie2?, William Balee??,

Michael Balinga®?, Lindsay F. Banin?3, Olaf Banki2*2%, Christopher Baraloto?27,

Jorcely Barroso®, Jean-Francois Bastin®®, Hans Beeckman™, Serge Begne®?,

Natacha Nssi Bengone, Nicholas Berry®?, Wemo Betian®®, Vincent Bezard®, Lilian Blanc®,
Pascal Boeckx®, Damien Bonal®®, Frans Bongers®, Francis Q. Brearley®, Roel Brienen?,
Foster Brown™l, Musalmah Bt. Nasaradin®2, Benoit Burban®3,

David F. R. P. Burslem®**, Plinio Camargo*®, Jose Luis Camargo®?, Wendeson Castro*,

Carlos Ceron®’, Victor Chama Moscoso*®, Colin Chapman®®, Jerome Chave®, Eric Chezeaux™,
Murray Collins®%*3, James Comiskey®**5, David Coomes®, Fernando Cornejo Valverde®’,
Flavia R. C. Costa®®, Aida Cuni-Sanchez®%%, Lola da Costa®™, Douglas C. Daly®,

Martin Danak®, Armandu Daniels®?, Greta Dargie?, Stuart Davies®, Charles De Canniere®,
Thales de Haulleville®®, Jhon del Aguila Pasquel®®®, Geraldine Derroire®®,

Kyle G. Dexter*5%7°, Anthony Di Fiore’. 72, Marie-Moel K. Djuikoun™, Jean-Louis Doucet™,
Vincent Droissart’®, Gerald Eilu?8, Thaise Emillio™, Julien Engel™, Bocko Yannick Enock?®,
Fidele Evouna Ondo’®, Corneille Ewango™, Sophie Fauset®, Ted R. Feldpausch®?,
Muhammad Fitriadi®, Gerardo Flores Llampazo®, Ernest G, Foli?, Gabriella Fredriksson®
David R. Galbraith?, Martin Gilpin!, Emanuel Gloor?, Christelle Gonmadje®,

Rene Guillen Villaroel's, Jefferson Hall®®, Keith C. Hamer®®, Alan Hamilton®, Olivier Hardy®®,
Terese Hart®®*°, Radim HédIP**?, Rafael Herrera®, Niro Higuchi®, Claude Marcel Hladik®,
Euridice Honorio Coronado™, Isau Huamantupa-Chuquimace®, Walter Huaraca Huasco®®,
Wannes Hubau?%%%, Muhammad Idhamsyah®, Sascha A. Ismail*®, Kath Jefferyl®,

Eliana Jimenez!%?, Tommaso Jucker!®?, Elizabeth Kearsleyl®™, Lip Khoon Khol?,

Timothy Killeen'%, Kanehiro Kitayama®?”’, William Laurance!®®, Susan Laurance®®

Miguel Leal*®, Simon L. Lewis**?, Stanislav Lhota'*!, Jeremy Lindsell*12:213,

Gabriela Lopez-Gonzalez?, Jon Lovett’*, Richard Lowe?!, William E. Magnussan®®,
Jean-Remy Makana™, Yadvinder Malhi'!5, Beatriz Marimon®, Ben Hur Marimon Junior®,
Andrew Marshall®, Colin Maycock**5, Faustin Mbayu''’, Casimiro Mendozal®®,

Irina Mendoza Pola™?, Faizah Metali'?®, Vianet Mihindou®>"®,

Abel Monteagudo-Mendoza*®, Sam Moore'®, Patrick Mucunguzi®, Jacques Mukinzi21122,
Pantalec Munishi*®*, Laszlo Nagy*®*, Petrus Naisso®$, David Neil'%5,

Adriano Negueira Lima®®, Percy Nunez Vargas*®, Lucas 0jo'?®, Walter Palacios”, Nadir
Pallqui Camacho®®, Alexander Parada Gutierrez*®, Julie Peacock?,

Kelvin S.-H. Peh?®, Antonio Pena Cruz?#, Colin Pendry®®, Toby Penningtoni®9,

Maria Cristina Penuela-Mora®?®, Pascal Petronelli*3?, Oliver L. Phillips?, Georgia Pickavance!,
G. John Pipoly®%**3, Nigel Pitman'®, Axel Dalberg Poulsen®, Ghillean T. Prance?,

Adriana Prieto™, Richard B. Primack™®, Lan Qie, Simon A. Queenborough®*®,

Terry Sunderland®®, Carlos Quesada®®, Freddy Ramirez Arevalo®,

Hirma Ramirez-Angulo™?, Jan Reitsma®*l, Maxime Réjou-Mechain’®, Anand Roopsind!*Z,

2,8

Scientific Reports|  (2025) 25:4695 | https:/fdoi.org/10.1038/s41558-024-84367-3 nature portfolio
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www.nature.com/scientificreports/

Francesco Rovero'*****, Ervan Rutishauser™*, Kamariah Abu Salim'®®, Rafael Salomao®*®,
Ismayadi Samsoedin'*?, Muhd Shahruney Saparudin?®, Juliana Schietti®®, Ricardo

A. Segovia®*®, Julio Serranc'*?, Rafizah Serudia’??, Douglas Sheil’®, Natalino Silva’*?,
Javier Silva Espejo™®’, Marcos Silveira’*%1%2, Murielle Simo-Droissart’®?, James Singh®**,
Bonaventure Sonké'®3, Thaise Emilio Lopes De Sousa””, Juliana Stropp*?, Rahayu Sukei®®,
Terry Sunderland®, Martin Svatek*, Michael Swaine*, Hermann Taedoumg?7.15°,

Joey Talbot?, Sylvester Tan™*%1%", James Taplin*$%162, David Taylor'?, Hans ter Steege®*,
John Terborgh'®, Armando Torres-Lezama®, John Tshibamba Mukendi'',

Darlington Tuagben'®*, Peter van de Meer'%, Geertje van der Heijden®, Peter van

der Hout*®®, Mark van Nieuwstadt®, Bert van UIft1*%, Rodolfo Vasquez Martinez!29,
Ronald Vernimmen'??, Barbara Vinceti'’?, Simone Vieiral’2, Ima Celia Guimaries Vieiral*s,
Emilio Vilanova Torre’ %%, Jason Vieminckx"*7, Lee White%¥", Simon Willcock 8277,
Mathew Williams®?, JohnT. Woods'™, Tze Leong Yaa*?, Ishak Yassir®®, Roderick Zagt'™ &
Lise Zemagho'S?

Understanding how the traits of lineages are related to diversification is key for elucidating the origin
of variation in specles richness. Here, we test whether traits are related to species richness among
lineages of trees from all major biegeographical settings of the lowland wet tropics. We explore
whether variation in mortality rate, breeding system and i di er are related to species
richness, either directly or via associations with range size, among 463 genera that contain wet
tropical forest trees. For Amazonian genera, we also explore whether traits are related to species
richness via variation among genera in mean species-lavel range size. Lineages with higher mortality
rates—faster life-history strategies—have larger ranges in all blogeographic settings and have higher
mean species-level range sizes in Amazonia. These lineages also have ller maximum diameters
and, in the Americas, contain dioecious species. In tum, lineages with greater averall range size have
higher species richness. Qur resuits show that fast life-history strategies influence species richness in
all biogeographic settings because lineages with these ecological strategies have greater range sizes.
These links suggest that dispersal has been a key process in the evolution of the tropical forest fiora.

Keywords Tropical forest, Diversification, Blodiversity, Trees, Evolution, Biogeography

15chool of Geography, University of Leeds, Woodhouse Lane, Leeds LS2 9JT, UK. 2Forestry Research Instituts of
Ghana (FORIG), Kumasl, Ghana. *Mensuration Unit, Forestry Commission of Ghana, Kumasi, Ghana, “Faculty of
Environmental Earth Science, Hokkaido University, Sapporo 060-0810, Japan. *College of Matural Sciences,
Makerere University, Kampala, Uganda. ®New York Botanical Garden, Bronx, NY 10458, USA. 7instituto de
Biodiversidade e Florestas, Universidade Federal do Oeste do Pard, Belem, Brazil. Universidade do Estado de Mata
Grosso, Nova Xavantina, Brazil. *Fundacion Con Vida, Medellin, Colombia. *%Center for International Forestry
Researdé Goma, Democratic Republic of Congo. MUniversité Officielle de Bukavy, Bukavy, Democratic Republic of
Congo. “Projeto Dinamica Blologica de Fragmentos Florestals, Instituto Nacional de Pesquisas da Amazonia,
Manaus, Brazil. “Geography, Llniwsh'{ of Exeter, Exeter EX4 &RJ, UK. “*National institute for Space Research
(INPE), Sao Jose dos Campos, SF, Brazil. *Museo de Historia Natural Noel Kempff Mercado, Universidad Autdnoma
Gabriel Rene Moreno, Santa Cruz, Belivia. "SWageningen Environmental Research, Wageningen University and
Research, Wageningen, The Metherlands. "Department of Organismic and Evolutionary Blology, Harvard
University, Cambridge, MA 02138, USA. *Université Marien N’ Gouabi, Brazzaville, Republic of Congo. PUNELLEZ-
Guanare, Programa de Giencias del Agro y EI Mar, Herbario Universitario (PORT), Guanare, Venazuela. 201RAD,
Foréts et Sociétés, 34358 Montpellier, France. ZTulane University, New Orleans, USA. ZTetra Tech ARD, Accra,
Ghana, 2UK Centre of Ecology and Hydrology, Edinburgh, UK. cht University, Utrecht, The Netherlands.
“Naturalis Biodiversity Center, Leiden, The Netherfands. Sinternational Center for Tropical Botany (1CT2), The
Kampong of the National Tropical Botanical Garden, Miami, FL 33133, USA. “Department of Biological Sclences,
Florida Intemational University, Miami, FL 33199, USA. ZUniversidade Faderal do Acre, Centro Multidiciplinar,
Cruzeiro do 5ul, Brazil. ®TERRA Teaching and Research Centre, Gembloux Agro Bio-Tech, Université de Lidge,
Ligge, Belgium. *%Laboratory for Wood Biology and Xylarium, Royal Museum for Central Africa, Brussels, Belgium.
*IFlant Systematic and Ecology Laboratory, Department of Biclogy, Higher Teachers Training College, University of
Yaounde |, 503, Cameroon. *Ministry of Forests, Seas, Environment and Climate, Libreville, Gabon. 2The
Landscapes and Livelihoods Group, Edinburgh, UK. #CNRS, Foréts et Sociétds, 34398 Montpelller, France. SONF,
Fordtset Sociétds, 34398 Montpallier; France. ¥CIRAD, Foréts etSociétds, 34398 Montpellier, France, ¥ Department
of Green Chemistry and Technology, Isotope Bioscience Laboratory-ISOFYS, Ghent University, Ghent, Baigium.
INRAE, UMR SILVA, Champenoux, France. “Forest Ecology and Forest Management Group, Wageningen
University, Wageningen, The Netherlands. ““Department of Natural Sciences, Manchester Metropolitan University,
Manchester ML 560, UK, "'Woods Hole Research Center, Falmouth, USA. “Forest Research Institute of Malaysia,
Kuala Lumpur, Malaysia. “INRAE, UMR Ecofog, Kourou, French Guiana. * School of Biological Sclences, Univarsity
of Aberdeen, Aberdeen AB24 37X, UK. **Centro de Energia Nuclear Na Agricultura, Universidade de 530 Paulo, 530
Paulo, Brazil. “Botany and Plant Ecology Laboratory, Federal University of Acre, Rio Branco, Brazil “’Herbario
Alfredo Paredes (QAP), Universidad Central del Ecuador, Quito, Ecuador. *®Universidad Nacional de San Antonio
Abad del Qusco, Cusco, Peru. “*Biology Department, Vancouver Island University, Nanaimo, BC VIR 555, Canada.

Scientific Reports|  (2025) 25:4605 | https:fidoi.org/10.1038/s41598-024-84367-3 nature portiolio
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equation models {pSEM} to assess whether traits influence species richness directly, or indirectly via variation
in range size.

We performed an addlljnnal ana]ysds for genera from the Americas. which also t‘ncorpouled variation in
genus population size™, dispersal mode™ and mean species range size within genera™, based on published
datasets that are only available for this continent. We expected genus population size to be positively correlated
with species richness, glven sampling considerations, and dispersal by wind 1o be associated with lower species
richness, as higher dispersal distances may preclude effective reproductive isolation. Finally, we predicted that
smaller species-level range sizes would be associated with greater species richness within a genus, as small ranges
and high diversification rates are a feature of‘ ages In end hotspots associated with for example, mountain
bullding and island formation, tn the tropics™.

In all analyses, we accounted for the phylngem(lf relationships among genera In these analyses using
a pantropical, PNA-based. genus-level phylogeny, developed from a published genus-level phylogeny for
American trees™".

Results

Variation in mortality rates was positively correlated with lineage range size using GLS analysis and in every
biogeographic setting using pSEM (Figs. | and 2; Table $1). This relationship was also significant for a subset of
genera that solely comprise lowland, tropical wet forest trees (Fig. 51) and, among Amazonlan genera, mortality
rates were posttively correlated with mean species range size (Fig. 3). These relationships were driven by lineages
from across the phylogeny that share high mortality rates and larpe range sizes (Fig. 4: e.g. Americas, Imga.
mortality rate 2.8% a |, range size 15.5 million km’; Africa, Uapaca, 1.6% a ', range size 13.6 milllon km®; Asia,
Flaeocarpus, 2.5% a ', range size 7.2 million km*). The only major clades that do not contain genera with these
linked characteristics are the Dialioideae and Detarioideae subfamilies of legumes (Fig. 4). Overall, these results
indicate that fast demography Is assoclated with greater range sizes across the phylogeny and blogeographical
settings of the wet tropical tree flora (Fig. 2).

In turn, lineage range size was strongly assoclated with vartation in species richness: genera with large range
sizes have greater species richness (Figs. 1 and 2, Table §1). The link between large range size and high species
richness was found in all biogeographical settings and across the phylogeny (e.g. Americas, Inga (15.5 million
km?; 281 specles), Protium (18,8 million km?; 152 species); Africa, Uapaca (13.6 million km?; 25 species), Cola
(12,9 million km?, 134 species); Asia, Aglata (6.6 milllon km?; 119 species), Elacocarpus (7.2 million km’, 488
specles). In contrast to these linear relatlonships between genus range size and specles richness, mean species-
level range size within genera had a unimodal relationship with species richness in Amazonia: richness peaked
at intermediate values and declined In lineages with the greatest mean species-level range skze (Fig. 3A). This
quadratic relationship between mean species range size and species richness in Amazonia was independent of a
significant positive correlation between population size and species richness (Table 52. Fig. 38).

Variation In a range oIolher traits were linked to variation in mortality rates among genera (Fig. 1). There was

negative rel; p in all biogeographic settings between mortality rate and maximum size: across
I.h.t‘ phylogeny. genera with smaller maximum size have high mortality rates (Fig. 2 and Fig. 52). For Amazonian
trees, low seed mass was also assoclated with high mortality rates (Fig. 3). Finally, the presence of dioecy was also
assoclated with high mortality rates for genera that occur on multiple continents and those in Amazonian forests
(Figs. 53 and S4). Overall, these relationships indicate that there are linked suites of traits related to stature,
dispersal and breeding system that are all associated with fast life-history strategies, larger range sizes of lineages
and ultimately, greater species richness (Fig. 1.

In some biogeographical settings, there were direct relationships between traits and species richness that
were independent of variation in range size (Fig. 1). For example, species richness is higher in genera with low

| Pango size |

| Max: size | [ Dioscious? | | Max mze | Dioscious? | | Max. size |

Fig. 1. Structural equation models from pSEM analysis showing the relationships between traits, range stze
and species richness for 463 genera of tropical trees, that occur in the Americas, Africa, Asia or on multiple
continents. Standardised effect sizes shown for significant relationships; arrow width is proportional to the
standardised effect size, Non-significant relationships are shown with grey dotted lines.
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Fig. 4. Phylogenetic relationships among species richness, high mortality rates and large range size for 463
genera of tropical trees. Tip circle size Is proportional to the species richness of each genus. Coloured bars
indicate genera with high mortality rates and/or large range sizes, High mortality rates are classified as > 2%

a-h; large range size classified as > 10 M km? (America), >8 M km? (Africa),>5 M km® (Asia) and > 20 M

km? (multiple continents). Bar colour indicates the biogeographic selting of each genus. Named genera are
those that share both high mortality rates and large range sizes; their distributed pattern Hlustrates that the
association between large range size and high mortality rates is found across the phylogeny and is nol restr icted
to certain clades. The blue segment on the phylogeny highlights the legumes, including the Dialioideac and
Detarioideae subfamiles which are the only major clades on the phylogeny that do not demonstrate this
assoclation.

evolutionary ‘dead-end ™", However, these findings are consistent with a broad array of recent work showing
that dioecy is common in tropical secondary forests™ and is linked with large geographical range sizes of
genera®, species richness is higher In dioecious clades once variation in branch length between non-dioecious
and dioecious clades s accounted for™ and genetic diversity s greater and adaptation rates are faster In dioecious
compared o cous I of plants®'. The lack of significant assoclations between dioecy, mortality
rates and range size in African and Asian forests may reflect the lower levels of sampling in these regions;
significant relationships among these variables are only found in the two groups with the greatest number of
genera (Fig. 1) Overall, our results suggest that dioecy in the tropical tree flora, at least for the Americas, may be
related to a sulte of tralts, such as short generation times and high dispersal ability that more than compensate
for the difficulty of achleving successful reproduction when sexes are on separate individuals. More generally,
our findings demonstrate the need for precise estimates of species’ demographic rates to understand the links
between breeding systems and species richness in comparative analyses.

There are uncertainties associated with the estimates of range size, taxonomy and traits that we used In this
study. First, range sizes have fluctuated over the evolutionary history of the extant diversity of tropical forests,
and time-integrated estimates of range size are required to estimate the land area that has been avatlable for
each genus more precisely over geological time®™. Second, the number of herbarium records that we used 1o
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1
P{mortality 1) = ——
L ™ e

where
ke = a — by (dbk, ) 42900

These functions were used to calculate the log-likelihood of the dataset of the status of each Irees as dead ar
alive at the end of the period of monttoring for each Individual, using Eq. (8) in™, For each genus, the parameter
estimales that minimised this function were identified using simulated annealing. Finally, the mortality rate for
a median diameter tree of each genus was used as the estimate of genus-level mortality rates.

a ' and had a similar distribution among biogeographical regions (Fig. S6),

We used data on the maximum diameter of trees within & lineage calculated from the forest plot data as a
measure of dispersal potential, as higher stature is associated with longer seed dispersal distances®. Maximum
size data were calculated as the 95th percentile of the tree di across all individuals of each genus™ ™,
Maximum diameter varied from 12 to 200 cm among genera, whh similar distributions among continents (Fig.
S6).

Species richness, range size, breeding systems, dispersal syndrome and seed mass
We used the list of accepted, species-level names in the World Checklist of Vascular Plants™ to calculate the
species richness of each genus. Species richness per genus varied from | to> 1000 specles (Fig. $6).

We defined range size as the extent of occurrence (EOO: km®) for each genus™, EOOs were calculated using
herbarium records for all species within a given genus downloaded from the Global Biodiversity Information
Facllity. In total, the calculations used 336,832 records: the mean number of records per genus was 727 (Fig, 55,
A greater number of genera from African farests had fewer than 100 records, compared to genera from Astan

the rangeBuilder package in R* and clipping these distributions to current land area (Fig, S10).

The regional distribution of each genus was classified from the plot data, and categorised as: the Americas
(including Amazonia, the Guiana Shield, Atlantic Forest and Central America: n=151), Africa (including the
forests of west Africa, the Congo basin and wet forests areas in eastern Africa; n=115), Asia (including the
Western Ghats In India, Malesia, NE Australia and Pacific islands; 1 - 78), or present on multiple continents
in=119),

We used Information on the presence of dioecy In a lineage to assess the role of breeding systems In
constraining specles richness, Lineages with a diceclous breeding system, where male and female flowers are
on ditferent trees, are classically considered 1o have lower opportunities for successful establishment of new
populations™* and therefore lower species richness as they require successful dispersal of both male and female
plants™. Breeding system was classified for each genus as ‘at least some dioecious species ar ‘no dioeclous specles,
based on™" and floras (Table $5). The proportion of genera with at least some dioecious species (approximately
27%) was similar across all biogeographical settings (Fig. 56).

Finally, for taxa from Amazonia we also compiled data on seed mass, dispersal mode, mean species-level
range size and population size. Seed mass was calculated for all species within each lineage, as this trait is
assoclated with seed dispersal distances™. Seed mass for Amazonian taxa (n=92) was calculated as average
values for species within genera™; there was Insufficient data available to analyse this trait for genera from Africa
(n=8) or Asa (n=17). The dispersal mode of lineages was classified as wind or non-wind dispersed”, Mean
species range size and total population size was calculated using estimates for all species within a lineage***.

Statistical analysis
The phylogenetic relationships among genera were estimated using a DNA-based, genus-level phylogeny for the
tropics, developed from a published genus-level phylogeny for American trees™". Mortality rate, maximum size,
range size, species richness all showed significant phylogenetic signal {(mortality rate, Pagel’s X =0.56, p < 0.005;
range size. A=10.24, p <0.05; maximum size, = 0.57, p <0.005; species richness A =0.32, p<0.05), demonstrating
the importance of accounting for shared evolutionary branch lengths in our statistical analysis. Links between
the phylogeny and trait values were visualised using the gotree 5

We used species richness as the response variable in our analyses of diversification, rather than estimating
diversification rates for each clade as a function of time. This approach Is based on previous work for a subset of
the lineages analysed here where a ‘density-dependent’ trajectory of diversification provided a doser fit to the
d:serwddlslributkmufdadeagmandspedesrkhmdai&farﬂ lineages of A lan irees, compared to
a model where specles accumulate at a constant rate’®, This approach s also consistent with general findings
that estimates of diversification rates based on assuming a constant rate of species accumulation perform poarly
when predicting changes in species richness of lineages through the fossil record, and that variation in clade age
can lead to misleading interpretations of differences in diversification rates™. Our approach assumes that the
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spectes richness of each lineage has reached a steady-state, and explores which traits determine variation In these
steady-state values. We note that clade age 15 not related to species richness across our data: stem ages of each
lineage estimated from the phylogeny vary extremely widely with species richness for these genera (Fig. S11)
and therefore the influence of traits on species richness is not confounded by differences in clade age. Overall,
our approach s a simplification of the likely wide range of trajectories of d in the number of species within
each lineage over geological time. However, in the absence of a detailed fossil record or complete species-level

phylog; for each lineage, this approach rey ts the only means to galn a macroecological perspective on
the traits that Influence species richness. ‘
G lised least sq (GLS) models with phylogenetically correlated errors were used to Identfy how

biogeographical distributions and traits were related to variation in range size across lineages as:
log (R) = (log (p) = D)+ (S« D)+ (Bs D) +=

where R Is range size, it Is mortality rate, D Is the blogeographic setting of each genus, 5 is maximum size, B
is a categorical variable denoting either the presence or absence of dioectous species within a genus, and = is
distributed as o2 C where C Is the variance-covariance of the error term basad on the shared branch lengths of
the phylogeny.

Variation in species richness was analysed similarly as:
log (Species richness) = (log (R) « D) + (log (u} = D) 4+ (S« D} + (B = D} + =

GLS analysis can only test for direct, independent effects of each predictor variable on the response variables. We
therefore also used plece-wise structural equation medelling (pSEM) to explore the network of both direct and
indirect relationships among these variables™%,

We hypothesised that the specles richness of genera would be influenced by the range size of a lineage,
following studies that demonstrate thislink for animals and planis™-* and expectations from allopatric models of
speciation that assume thal range expansion precedes genetic divergence™, We allowed traits Lo either influence
range size andfor species richness directly, as traits may influence rates of range expansion and contraction
and/or other processes that underpin speciation, such as the transition time to genetic divergence following
the establishment of a lineage?’, Initial pSEM analysis indicated that there were also significant relationships
among maximum size and mortality rates within these data, ¢ with findings that demographic and
structural traits are linked among lineages of tropical trees™*®, We therefore also allowed variation in maximum
size and breeding system to be associated with variation in mortality rates in the final pSEM models. For each
biogeographical setting, structural equation models based on these networks including only the statistically
significant relationships showed a good fit to the data, indicating that significant relationships among the
variables were nol being excluded (Fig. 1; Amerkas, Fisher's C=6.5, ns; Africa; Fisher's C=4.9, ns; Asia, Fisher's
c-}-s,s, ns; Multiple continents, Fisher’s C=5.9, ns; core dataset, all biogeographical settings; pSEM, C=14.7,
nsk.

For the analyses focussing on Amazonia, we extended these analyses to include total population size, mean
species range size, seed mass and dispersal mode, using a similar statistical approach. For Amazonian taxa, we
used GLS to test how traits were related to variation in mean specles range size and how tralts, mean species
range size and lotal population size were associated with species richness. We included a quadratic term 1o
model the relationship between mean species range size and species richness, based on preliminary exploration
of the relationships within the data. Similarly, we also constructed pSEMs to understand the network of direct
and indirect relationships among these variables. We explored whether traits determined variation In mean
species range size, and how mean specles range size Is related to species richness. We included total population
size as an additional predictor of species richness; correlated errors were permitted between mean species range
size and population size. The structural equation model based on this network including only the statistically
significant relationships showed a good fit to the data (Fishers C=15.8, ns).

Data availability
All metadata used in the analyses Is available as supplementary information and as a Forestplots.net data package
from https://doLorg/10.5521 forestplots.net/2025_1
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