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OBJETIVO ESTRATEGICO

Incrementar produccion clentifica per
capita de calidad

Incrementar produccion cientifica per
capita de calidad

Incrementar produccion cientifica per
capita de calidad

Incrementar produccion cientifica per
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Incrementar produccion cientifica per
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revistas indizadas
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Generacion de nuevas publicaciones
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| GENERACION DE NUEVAS PUBLICACIONES EN REVISTASINDIZADAS (Publicaciones en revista indizada en Scopus o WOS
| (no se incluyen revistas ESCI), con afiliacion del profesor a la UNAMAD) oy et
| GENERACION DE NUEVAS TESIS ASESORADAS Y SUSTENTADAS (asesoramiento de tesis de pre o posgrado de la

| UNAMAD sustentada) .. 0 oL ot 0t : : ) :
|  GENERAGCION DE OTROS PRODUCTOS DE INVESTIGACION (participacion 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)

; I CONTRIBUIRALA FORMACION DE RECURSOS HUMANOS (
{ para bachillerato, asesor de proyectos de investi

.  ACTIVIDAD Titulo (investigacion / producto / < .
N i (revista / conferencia / DOI/ URL / otro
VINCULADA ponencia / otro) repositorio | otro)
- GENERACIO
N DE
NUEVAS Consistent patterns of common Articulo publicado en ) .
1 PUBLICACIO  species revista NATURE h“ps'”www'”ggg%gg%amc'es’“1586'
NES EN = across tropical tree communities (Anexo 1). B
REVISTAS
INDIZADAS , B
GENERACIO  Geography and ecology shape the
N DE  phylogenetic composition‘ Qf Attioulo publicado en
5 EBS\L/@;CIO Amazonlar liss communlies revista JOURNAL OF  https:/onlinelibrary.wiley.com/doiffull/10.111
NES EN BIOGEOGRAPHY (Anexo 1/jbi.14816
2).
REVISTAS
INDIZADAS
GENERACIO
N DE Articulo publicado en
WUBVAS One sixth of Amazonian tree diversity seniste Brazilin Joutia) of https://www.nature.com/articles/s41559-
3 | FUBLERG is dependent on river floodplains Botany 024-02364-1
NES  EN BEIESH P (Anexo 3).
REVISTAS
INDIZADAS
CONTRIBUIR
i A Desarrollo de curso de capacitacion Ponencias por tres dias
4 FORMACION q i P Resolucion de decanatura de la facultad de
ocente: Analisis de datos con R .
DE aplicados a las Giencias basicas 20,21y 22 de marzo Ingenieria 076-2024-UNAMAD-DF|
RECURSOS (Anexo 4).
HUMANOS
GENERACIO Advances in Legume Systematics
N DE 14, Classification of
NUEVAS Caesalpinioideae. Part 2: Higher- Articulo publicado en
5  PUBLICACIO level classification revista JOURNAL OF https://phytokeys.pensoft.net/issue/4809/
NES EN PHYTOKEYS (Anexo 5)
REVISTAS
INDIZADAS
GENERACIO
N DE A densely sampled molecular ; ;
NUEVAS . phylogeny of Tachigali Anlculo pgbhcado i i - . |
§ PUBLICACIO  (Leguminosae), an evolutionarlly revista Br%zman Journal of https.l/hnk.sprl?gi;.oom/arftcteM0.1007/340
NES EN  successful lineage of neotropical ( An?jgé) S5h2Amimed
REVISTAS ant-housing canopy trees :
INDIZADAS
GENERACIO
N DE
NUEVAS " : Articulo publicado en https://www.researchgate.net/publication/37
7  PUBLICACIO :ﬁ;:: ors f(f:::gg amendment revista Science 8593251_Peru's_zoning_amendment_enda
NES EN 9 (Anexo 7) ngers_forests
REVISTAS
INDIZADAS B
GENERACIO  Reconocimiento del Proyecto de
N DE OTROS ' investigacion: Diversidad vegetal y RESOLUCION DE
PRODUCTOS ' sus procesos ecologicos en las
% lbe sabanas Humedas del Pampas del VICE?& ES(I%RA Do Ni# 156-2024-UNAMAD-VRI
INVESTIGACI  Heath, Bahuaja Sonene, Madre de '

ON

Dios, Perd

Medio de divulgacion

participacion como ponente, asesor de trabajos de investigacion
acion junior
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UN AM AD REGLAMENTO DEL DOCENTE INVESTIGADOR | CODIGO - RDI - 205
-_— DE LA UNIVERSIDAD NACIONAL AMAZONICA VERSION : 4.0
T bewoneoeoios ' | DE MADRE DE DIOS (version 4.0 FECHA  : 04/2025
GENERACIO
N DE Revista cientifica:
iy The biogeography of the Amazonian = Communications Biology https://www.nature.com/articles/s42003-
ELE’SL'CAC?N tree flora 024-06937-5
REVISTAS (Anexo 8)
INDJZADAS‘
GENERACIO
N DE
NUEVAS e ) ; )
: Revista cientifica: https:/iwww.science.org/doi/10.1126/scienc
EggLICACE)N The pace of life for forest trees SCIENSE (Anexo 9) e.2dk9616
REVISTAS
INDIZADAS
GENERACIO
N DE
sggﬁgim 0 Assembling the Braziian flora: = Brazilian Journal of Botany https:/idoi.orgi10.1007/s40415-024-01034-7
NES EN overview of Leguminosae diversity (Anexo 10) PRI0LOGHY, ‘
REVISTAS
INDIZADAS S
' SENERACISE Reconocimiento como asesor del

NUEVAS Proyecto de Tesis

(ETNOBOTANICA CUANTITATIVA .
ASESoRADA  DELAFLORA ARBOREA DEL Res"'“‘;‘:f’l‘e"; ﬂ'jja"at“’a N# 624-2024-UNAMAD-DF |
s y BOSQUE AMAZONICO DEL

FUNDO EL BOSQUE - UNAMAD,
SUSTENTAD LAS PIEDRAS, TAMBOPATA).
ﬁENERAClé)E Reconocimiento como asesor del
NUEVAS Proyecto de Tesis (Regeneracion
TESIS natural del "Tomnillo" Cedrelinga Resolucion de decanatura
ASESORADA cateniformis (Ducke) Ducke, en el (Anexo 12) N# 610-2024-UNAMAD-DF|
s y bosque de tierra firme del fundo el

bosque - UNAMAD, Las Piedras -
2gSTENTAD Madre de Dios).

(grupo de invetigacién, semillero de investigacién, centro de investigacion, instituto

éoordinador“generé'l de prbyééto de

 Investigacion, designacion cargo de director de organo de linea del VRI)?

PARTICIPACION
. miembro de comité

ACTIVIDAD
VINCULADA
(denominaci
ondela
actividad)
GENERACIO

N
NUEVAS
TESIS
ASESORAD
AS

SUSTENTAD
AS

DE

Y

COMO EVALUADOR EN CONVOCATORIAS DE INVESTIGACION (miembro de comité evaluador,
cientifico de revistas institucionales, miembro de jurado de tesis)®
Denominacion (nombre /
titulo / cargo /
convocatoria / tesis /
otro) del medio de
verificacion’23

Documento sustentatorio
(Acta/ resolucién / contrato / otro)
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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 I+D+i+e
Incrementar produccion cientifica per capita de calidad

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

ACTIVIDADES VINCULADAS
Generacion de nuevas publicaciones en revistas indizadas
Generacion de nuevas tesis asesoradas y sustentadas

Generacion de otros productos de investigacion

Contribuir a la formacion de recursos humanos
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Anexo 1. Articulo publicado en revista NATURE.

Article

Consistent patterns of common species
across tropical tree communities
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Fig. I Location o the |, 368 plots, tropleslforestregions, and sropical
I‘ercsd!lomcruenleudinﬂus:udv Eht shiow the e ef theplots
snabvind colourad by conunentairecion | o chowes the Arasoni

chgrze

structunaly intact old growthtropical torests. For Amazonia, detined
as the Jowland Amazon Basin snd Guiana Shietd we use the Amazan
free Diversity Network and RAINFOR datasets in - 1007 platsy, For
Africa, encompassing West, central and bast Africa, we use the African
‘rapical RaintorestObservitony Netwirk (Al RONY Ce :
PloiNetwork, and two smalier networks S ip - 168 plots:

. denned ssexteadin l.lrwm'\‘\a'vm mthe West ]

s IWest .,!N
East wouses m& dtversity* sndacarhon mo RUGTIRD patwork o~ 103
plotsy. We limit our analysis e trees with trunk diameter of 3t fpast
Wermat breasthetghs 3.3 m aleag the stem or sbove any butteessesor

detormities), the widely dmmlmu'n stze tar inventonying trogical
trews. the combinesd dataset Includes 10D SO3 trees of which 933
are tdentiied o species (g 1and Extended Data Tablels

Consistent patterns of commonness
fhe Africs, Amazents and Southesst Asla datasats sditter inthe rumber
and stze of plogs sampled and the number ol treas s ampled xtended
Dt 1able 12 We theretore excluded smati plots (helow 0.9 ha s cended
DawFex Tand Methodstandvsed rareraction - that Isrepeated random
suyhsampiing of ;*«J(«zﬂnnenmmbienumha rsoltrees tostandardize
samphiag across the three datasets (i 2
Rarelying to acommaon sample size of 77 stems, the slze of the

Asla Satawtioquivalentta 150, L6 and 2 plotsin Atrica, Amazanizand
Southeast Asii respectivelyl, ‘nel!'h!ihal 77 species {954 contidence
Intervab ol S2m Atrica comprise of fndly ldwa trees, vs;h"'ﬂ{v‘d

Hh T4 species (95% confidence Inte
172 speclesi 9% canfldemse inter able 3
anmd i I However the substy rcrr‘h pgr.,nr"m.n'
spesies in Alrics compared with Amaze w‘d& .md Southeast Asty sealas
withthe substanttally lowser number o oA ot spectes. We tindjust 1,132
speclesinoar standardized 77587 tree sample in Alries, oo o with
2.363 and 2,383 species n Amazonta and Southeast A<l re spuﬂur\.
torthe same samiple stze. C onsequently. percentage hyperdominance
Is statisticaliv mdm.m.uzshabb among the continents 3t 6,795 95
confidence mterval: 5394, PR 6,307 (98 contidencs mxuui
EME-S36%and 6,658 1‘«‘H mmademe interval 4.59%
Arrica Amazonts and Scaheast Asta, respectvely Ulabie 1)
encyisnot artecied by Uee aggregated spatla! distribution o
each regtondl xtended Data Fig. 2 and hotds trye for ana ¥

2§ Nelute | www.nsture o

Aste 1o Light groes thoms

which we exteapiiste sz

sofety on 1-ha plots iMetheds ). Thas, once samplingis standardtzed,
theresmarked pan tropical conststensy Inthe praportion of thetotal
aumber ofiree species accounted for by the most common Spacles.
ihe comsistency of commonaess s not Imited toderining commioa
species as those that secaunt Zor SO of 3l Individual trees in 3 dataset.
The proportions of the tetal number o1 spedies required to account
orttweshedds between W and 904 of tndividualtrees are siso highly
consistent across the rarefied dista for the three Comtinents(rez. 3 and
Ixterded Data iable 21 Thus, the data from the three congs nents ag
wresultirom the same underlying statistical disteibution,

Dur raretaction analysis shows that the number of hyperdominanss,
the total number of spectes and the pe teermazs byperdominance are
dependent on sample size, This s because as plots - and theretore
trees - are added to the sample. increasing aumbers of rare species
starctoappear. Meanwhile. mostcommon species have, hydetinition
aslready appeared, but thetr shundances incramse. {hus, withincreas
ng sample size the number of hyperdominants Increases, but at an

wr-decreasing rate thattends towards saturation of 2. 2and £xtended
Dataria. 3, nm\»(x! numtxwt spectesincreases at adecreasing rate
mxh iy apparent saturattion Ther 34
“:». perceniaze hyperdominance de "f@:mwmd
uzm butdoes notappear to saturate iFxe. 2 and Extended Data Fig 31
1his sample stze dependence &= Hhely toexplain the published ditter-
ences inpercentage hwptrdamimme n Amazronian ,orects which
fodlow expectations given the sampie size tn each study™

Amazenis and Scutheast Asta shaw o markably simiar patterns of
commonness and diversity. The rarefaction curves of the number of
SPOCIES aCCountng for 50% of ol trees 41 12, 2. total number of e
ciesibag, I percentage hyperdom sandishersa- the
parameter of the fog series ¢ best describe tropical
ree speies abundmué distributions’ tFig 2di - are almost dent
cal batween the two datasets, furthermaore, the aumbers of specles
required Lo account fof any theeshiodd between 105, and @)%, oftreestn
the fespective rarefled sampies of 77 587 trees 37e statis
susnzble gt Lind fxtended Data Tabies 2 and 3, Thisequivalence
i overail trapical forest diversity patterns botween these simitary
species-rich regrons is particularly strikiag given their very different
biogeagraphic chimatic and srthrepogenic histeries. and the fact that
Amazentails one large contigucus reglon, wheress Southeast Aslais a
series ol istands and Istand Hke roglons.

foar
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Fig.2 Rarefaction curves shewing the effect ol Increasing szmplesizeon

the pumber of by perdominants, totalspecics, hyperdominant percentage
and Nitted values of Fisher's aln tropical tree communitiss. a 4. { heeflest
of Increasing sampde shre on the number of hperdormnantsiay s8 alapoctes b
byperdominant perontsgeic sndfiedvalussof i tshersadiintra
Mz s irageraat Amareeta svan, Scatheast Astablues Harcfied dataimasn

In contrast to the stimilarity between Amazonia and Southeast
Asta_ our results provide sample size-corrected validation of the
‘ocdd-one-out observation™ ™ of much lower tree species fAchness in
Atrica compared with Amazonta and Southeast Asta Herewe adda
simitfar odd one-cut chservattonof a muchiower numbes of common
species in Atrica than tn Amazonia and Southeast Asia Howover In
combination thase two resulis lead to an afmest dentical pertent
age hyperdominance In the African, Amazontan and Southeast Asfan
raretiod Az, This consisten]sy exteads (o the Proportion of species
required to account fof atl thresholds betweon 1% and Y0 of treesin
the raretted datadrig. 3 and Extended Data Tabde 31 thispan tropical
tvarianee recasts the tropical torests of Arica trom ‘odd interms s

Table 1} Tree species hyperdominance results for African,
Amazonian and Southeast Asian tropical forests, resampled
to the common sample size of 77,587 trees

Number of

Totalspocios Hyperdomznont Fisherza

fypordominants

valiss soroes ermion

clarzy shadedarersreps
acroes Berations of subs
pednts, N thag resansgd

Curves 3e replaaLes a % ants of pamber of stemn,

o5 richness to statisticadly indistingulshady e InAmazo-
nraand Southeast Asla interms of proportions) patterns of abundance.
Overall. using standardization by raretaction, we find consistent pat
torns of species abundanoe F0r0ss Africa, Amazonia and Southeas Asly

Scaling tothe study region

Next, we estimate COnYnoaness paterns i each of sur three study
regions: Atrica, Amazonia and Southeast Asta, We entrapolate log
sertes Hits (o the empirical Atrica, Amazonta end Southeast Asia dats
sets (Extended Data Fig. 45, inciuding acorrection to account for the
clumped spatist occurrence of spectes. 1o the total pumbes ot trees
with trunk drametarof atleast 10 emin sachstudy region. We estimate
¢ st 204 species (95% contidence intecval 101 107 account lor
« of the 113 bitlion Urees in Africa’s cinsed canopy tropical torests
{Table 21 We also estimate that just 299 species (95% contidene inter
vak 243 347 account fof 3% of the 344 bilon trees n Amazonta’s
closed canopy tropical forest and 27895k confidence iImepaal 268
2893 account ter 30 of the 120bitHon trees inSowtheast Asla s closed
canopy tropical forests {{abie 23 Our results froem Amazonta match
thune derived ustng a different extrapolaticn approach ™.

Cerexirs sons aZain outime consistem percamiage hy perdomi-
sance: Just 2.2% of Atrican, 170 Amazontan and 2.3% of Southeast
Astan species sccount tor SU% of ali trees with truak diameters o1 i€
izast 10 emineach region (lable 25 The dominant proportions of
pecies required to account for 105 o % of tres are also vory
steslar across continents (ntg. Jand Extended Data table 51 fhe lower
percentage dominance values trom the extragolated data compared




UNAMAD

REGLAMENTO DEL DOCENTE INVESTIGADOR CODIGQ . RDI-205
T AR DE LA UNIVERSIDAD NACIONAL AMAZONICA | VERSION : 4.0
e DE MADRE DE DIOS (version 4.0) FECHA : 04/2025

> Sraiomis st
B S rars

st

® Seudthana A rurefed

Hlmen wrraponsesd
* Soubees Aga eximpolded ?

S

e
4
ey

s gied fon

Fig. ¥ Che minimem perocatage odtotst iﬁ{k& segudred e actount for
ghvepd sthresholds of thﬂ wrak ¥ o sumwbemhluams
trom BLop $O%. e S
Aebadaases imenn

s froms U raretbed data are o
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Anexo 3. Articulo publicado en revista Nature ecology & evolution.

nature ecology & evolution

Onesixth of Amazonian tree diversity is
dependentonriver floodplains

Recelved: 23 March 2023 A list of authors and their affitiations sppears at the end of the paper

Accepted: 9 February 2023

Amazonta’s floodplain system is the largest and most blodiverse on farth,
Although forests are crucial to the ecological Integrity of flood plains, our
# Check for updates understanding of thelr spectes compaosition and how this may ditfer from
surrounding foresttvpesis sl far too imited. particularly as changing
inundation regtmes begin to reshape foodplain tree communities and the
criticalecosystem functions they underpin. Here we address this gap by
taking a spatlatly explicit fook at Amazonta-wide patterns of treg-species
turnover and ecological specialization of the reglon’s floodplainforests.
We show that the majority of Amazonian tree species can inhabit
flioadplatns, and about asixthof Amazomlan tree diverstty is ecalogically
specialized on floodplatns. the degree of spectatization in floodplain
communitiesis driven by reglonal floed patterns, with the most
compositionally ditferentiated floodpiain forests located centrally within
the fluvial network and contingent on the most extracrdinary flood
magnitudes regionally. Qur resuits provide a spatally expiicit view of
ecologleat specialization of Boodplatn forest communities and expose the
need for whole-basin hydrological integrity to protect the Amazon's tree
diversitv and its function.
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Anexp 4. Resolucion de decanatura para Curso de capacitacion: Analisis de datos con
R aplicados a las ciencias basicas.

UNIVERSIDAD NACIONAL AMAZONICA DE MADRE DE DIOS
Decanatura de la Facuitad de Ingenieria

Ady dul Bloanienano. de la Consohaaon de Nuesits Indepersionci y de i Soosmemaranmn ds fas
Haroicws Batalins da junin v Ayacucho’
‘Hadie de Thos capitsl 96 18 hindnaersulas e Peny

RESOLUCION DE DECANATURA DE LA FACULTAD DE INGENIERIA N° 076-
2024-UNAMAD-DF|

Pusrto Maldorado. 19 da marzo do 2024

VISTO: T

Ef Expadiente N° 652, de focha 18 de marzo do 2024, (oo N° DBB-2024-UNAMAD-R-VEA-DF 7 i
DAVOE de fechia 18 ge marso de 2004, Carta N 001 2004 UNAMAD HCIDACY, 88 ferna 14 de ]
marzo de 2034 Ley Universitaria N7 30220 Estaioto de i3 Universidad MNacional Amazonica de

hadre de Dios v

CONSIDERANDO.
‘ ) , ) ) WE— 4
Que, ta Universidad Nagionat Amazanica de Mades de Dins fue creada mediants Ley N° 27267, FrTe |

de fecha 08 de julio del afo 2000 y mediante Resolucion N' 626-200%-CONAFU. se oforga
Autorizacisn definitiva para su funconamients,

Gue, mediante Resoluodn de Consejs Duectivo N* 132-201%SUNEDLICD de fecha 10 ge
octubre de 2019, 3 Universidad Naconal Amazonica de RMadee da Diss, obtiens su Licencamiente
nsttucnal por un perodo de 08 atios

Tue. el Articudo 5% numeral 5.15 de la Ley N 30220 - Ley Universitadia sefiaia coms uns de iog
prvciens de 26 gniversdades, Ma pertinencia de 9 ensefianza e nvestigacion con ia reatidad
socE’ Asimsmo, ef Adiculn § numeral 66 de la misma Ley sefala que son fines te las
universidades el de gifundi &1 conocimionto uawesal en beneficio de i3 humanidad

Gue, ef Articulo 79° de la Ley N* 30220 - Ley Universtana, ingica son funciones de 1os docentes
unverstanos: o investgacion. 8l mejorantento contnuo ¥ permanenie de la ensefanza. la
DroyecEon 50087 y 8 gestion universitana en los ambitos que @ correspondn”

Gue. el Articulo 20° del Estatito de fa UNAMAD indica que, ‘Las Facullades de fa UNAMAD son
jas whdades oe forme » academica, profesional v de gestion. Propician la investgacion s
proyeccan sotial, Extenson Cultural v Unversitaria, Estd integrads por docentos v astudiantes
Gozan de autonomia acsdémica y adminisirativa on 103 asuntos do su competencia dentre da 1a
Ley y del Estatulo

Que. medianie Kesaluzion de Consefu Univssitang 1 002-2023-UNAMAD CU . do fecha 08 de
mivere de 2023 se APRUEBA @ Directiva de Elaboracion, Seguimiento y Evaluacion de
Planes de Trabajo de is Unwversidad Nacional Amazinica de Madre de Dios version 1.0

e eediante Carta N® OD1-Z024-UNAMAD IHCDA-CE, de fecha 14 de maryo de 2024 & (O
Isa Huamantuga Chuguimano Uocente Investgadoer adserita at Degantaments Académica de
Ciencias Basicas -UNAMAD remds al Direcior det Departamento Académee de Diencas Basoas,
desarrelio del curso Taller “ANALISIS DE DATOS CON R APLICADOS A LAS CIENCIAS
BASICAS" svento que serd autofinanuiadn y con ef apoye del depatamento de Cencias Risioas
¥ @l Herbann Ay Gentry (HADG)

¥

Que. medante Ofcio NY 086-2024 UNAMAD-RVRA-DELDACE de fecha 18 de mareo de 2024
ol Director del Depantaments Académice de Clencias Basicas. solicta a la Desanatura de 1o
Facultad de Ingemernia de la UNAMAD, (3 agrobacisn megiante acto resolutiva del Plan de trabajo
Curso Taller “ANALISIS DE DATOS CON R APLICADOS A LAS CIENCIAS BASICAS™, tus
tiene pot fnalidad fortalecer las capacaiades y aplitudes en el uso y manep del software
estadislico R, de jos dosentes v astudiantas del Departamento Académics de Clencias Basicas y
ba Faculiad du ingeriess UMNAMAD; diche ovento s llevara a cato ios dias 20, 21 y 22 de marzo
del 2024, oo Sala de Ducentes del Departamento de Ciencias Bascas - UNAMAD. of mismo gue
sers AUTOFINANCIADO por los docentes det drea de bologla v estadistica del Departamento
Auadémco di Dwncias Basicas

TLRARAALY Porgud b semiies 1ern Bt Suniendiy s
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gg %’} Decanatura de la Facultad de Ingenieria

“Ang del Beentenano. de la Coansoligaeon de N
Hergicas Baally

eatra indegendsnoa ¥ a3 Conmemoranion o9 135
3 0y Ayacucho’

, —————— 2 dre di i Smmdndaeie e T
RESOLUCION DE DECANATURA DE LA FACULTAD DE INGENIERIA N° 076-

2024-UNAMAD-DFI

Puerte Maidorado, 10 de masze de 2034

Gue. mediante Expediente N* 652 ge fecha 18 de marzo de 2024, el Decaro de ia Facultad do
ingeneria, AUTORIZA a! Secretario Académico proyectar la resclusian de decaraturs.
aprobando, ¢! Plan de trabajo Curso Taller “ANALISIS DE DATOS CONR APLICADOS ALAS
CIENCIAS BASICAS", cvento quo se desarolars los dias 20, 21 y 22 de marzo del 2024,
presemado por ¢ Director dei Depanamento Academico de Crenzias Bas:icas de la Universidad
Nacional Amazonica de Madre de Dios

Estando dentio de ias alnbuciones conferidas al Cezano. £of fa Ley Uriversdara NY 30220 e
Estatuto de ta Uriversidad Nacisnal Amazonica de Magre de Dios vy en uso de las atnbusiones
corferidas madiante Resoiucion de Somité Eiectoral Universtario N° 010-2023 UNANMAD-CEY
de lacha 20 ge diciembre del 2022

SE RESUELVE:

ARTICULO PRIMERO: APROBAR, ¢l Plan de trabajo Curso Taller “ANALISIS DE DATOS
CON R APLICADOS A LAS CIENCIAS BASICAS”, evento au'ofranciade aue se desarrollars o3
cias 20, 21 y 22 de marzo del 2024, organizado por ! Departamento Académco de Cencas
Basicas de la Universigad Nacionai Amazdénica de Madre de Dios.,

ARTICULO SEGUNDO: NOTIFICAR ‘@ presente resoiucion al Departamento Academico de

Ciencias Basicas de la Universidad Nacional Amazonica de Madre de Dics
ARTICULO TERCERO: ORDENESE, una ver culminaas ei BVente mencionads en el aticulo
pimero de ia presente rasolutian, remiy! el ntorme 4nal a2 Uecarsturg ge la Facultad de
ngeniena. en un plazo ne mayor a 1% ias habilas
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functionally herbaceous geoxyles hanas and shrubs. and which has a giobsl distri-
Dution, OCUITING ON every continent except Antarctics. Following the recent re-cie
cumscription of 15 Cassalpinicidese geners 33 presentad in Advances @ Legume
Systematics 14 Parr 1 and using as 2 basis a phylogenomic analysis of 397 puclear

s for 420 species and b but fve of the genera curremtly recognised in

fy. we present 3 new higherfevel classficstion for the subfamily. The new

i

w of Caexaslpinioideae comprises sleven tibss all of which are sither
sae Rohh
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netic membership from those previously resognised. Importamly. the approwimately
35640 apecies and 100 geners of the fsm*w subfamily Mirmosoideae are now plased
i the reinstated, but newly ciroumsanibed, ribe Mimosese. Becsuse of the large size
and szologica’ importanos of the tibe, we alan provide 3 clade-based olassification
system for Mimosese that ind < clades. Fourteer of the 100

roups, their o

des 17 named lowereve

Mimousae genera remain unplaced in these lower-level clades aight ars resolved in
two grades and six are Dhylogenetically isalated monogensdis lineages n addiion
to the new classficston we provide & key to genera. morphological descriptions
ard potes for g1 &3 geners. 3l nbes and all named clades The diversity of growth

forms, foliage. flowers and fruits are lustrated for 5l gerera and for sach genus
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nated, specialised bat, bird, butterfly and moth pellinated flowers are also com-
mon (Arroye 1981). in addition to having species with polien in the more typical
tricolporate monads. Caesalpinicideae is the only subfamily of lequmes with
taxa where polien is arranged in polyads {Scheme 6}, In Mimoseae the pollen
arrangement is extremely variable across and sometimes wthin genera, with
polien in monads, tetrads, bi-tetrads and polyads. Fruit morphalogy is partic-
ularly homeplasious, and in the Mimoseae has proved misleading for generic
celimitation (Borges & al. 2022; Ringelberg et al. 2022 Souza et ai. 2022h). This
civersity of frun morphciogy {Schemes 6, 7) reflects adaptations 1o differen:
seed dispersal syndromes, including passive, eiastic and explosive dehiscence,
as well as seed dispersal by water, wind, large herbivores, ants, and birds.

The subfamily is most diverse in lowland tropical and subtropical regions, only
rarely occurring above 2500 m elevation, but a minority of genera have species in
véarm temperate zones that are net prone 1o severe frosts across the Americas,
Ewrope, Asia, and Australia Maore than half of Cassalpinicideas genera naturally
occur in the Americas (104 of 163 genera), of which &4 are endemic. Africa (i
cluding Madagascar) has the second highest number of Cassalpinicideas genera,
with 59 genera, 29 of which are encemic, foliowed by As1a {40 geners, 7 endemic),
and Australia and the Pacific {27 gerera, 6 endemic; See details in Tables 1.2
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Figure 1. A Caesa'pinicidese genus richness across floristic reaims {according to Liu et al. 2023}, The numbers within
the circies represent the total number of gererain eachrea'm The numbers on the Lnes represant the number of ganers
shared between two realms (- 10 g=nerz} B Numbser of Casalpinicideas genecs ir the floristic subrealms (sensu Liv et al
2023). The numbers asscciated with the swo polygons indicate the rumber of 3=nera rasiricted 1o the two major biccks

of wropical and subtropical areas in the New Wor'd and the Old World (maps modified from Ly €t ai. 2023 CC BY 4.0)
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and Ringelberg o1 al {2022 2023). By developing & cladespeafic bai cet Sor
targeted ernichment of 964 nuclear genes, Kosnen et al. (2D20a) generated &
DNA sequence dataset an order of miagnitude iarger than those uzed pravious-
by, thereby providing the greatly enhanced shylogenetic resolution requited for
classifying wibe Mimoseass. Capnalising on these foundations using a slightly
miadified version of the gene se covering 937 nuclear genes, and impomantly
extending the taxon sampling 1o nclude 300 addisonal species covering not
only Mimosese but also most genera of non-mimosoid Cassaipinicideas, as
well 8z conducting transcontinental zamping of genera that orcwr across dif-
ferent continents. Ringelberg et al. {2022, 2023) established 2 robust phvlog
eramic hypothesie for subfamily Cassalpinicidesas as a whole. These studiag
reveated of confirmed the non-monophyly of 22 genera, and this was the basis
for the re-circumseription of 15 of these geners presented m Advances in Le
gume Systematics 14, Part 1 {(Hughes =1 &l 2022a}.

The phylogeromic analysis presented hers includes 420 Caesalpirdoide
8€ species representng all but five of the 163 genera. The five ISWNG GEnera
are: Youscapoua Aubl, which has three species and is likely a member of trine
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SYSTEMATICS & PHYLOGENY - ORIGINAL ARTICLE

A densely sampled molecular phylogeny of Tachigali (Leguminosae),
an evolutionarily successful lineage of neotropical ant-housing canopy
trees

fsau Huamantupa-Chuquimaco’? . Vitor Hugo Maia® - Haroldo Cavalcante de Lima%i .

Maristerra Rodrigues Lemes® " - Cristiane Snak® . Bernarda Gregorio® - Sérgio Ricardo $. Cardoso® -
Luciano Paganucci de Queiroz® - Charles E. Zartman® . Gwilym P. Lewis® - Euan K. James’

Kyle G. Dexter®® . R. Toby Pennington®'® - Marcelo F. Simon ' . Domingos Cardose?'?

Recesved: 2

nuary 2024 7 Bevised: 2 May 2024 / Ascepted: 3 May 2024
2 The Autho ;

under exclusive licence to Botanicat Seciety of Rao Paulo 2024

Abstract

Despite recent advances in rey caling the cvolutionary history of speciose tropieal plant clades, many species radiations are
still poorly understood phy logenctically. One of these is the spectes-tich neotsapical genus Tachicadi (- 90 SppL i caesal
pinioid fegume fincuge of mostly ant-housing canopy trees that has diversitied in the tropical rainforest bieme across the
Andean foothills, Amazon basin, and Atlantic Coastal Forest of Brazil, Itis also ceoogically dominant across the fire-prone
savanaa vegetation of the Braziian Cerrado. The wxonomic histor ¥ of Techieguli has Tong been confounded with the genns
Selercdobinm, with the iwo differing in floral symmetry. Here, we reconstruct the phylogeny of Todhigaii using densely siun-
pled Bayesuan and maxinnum bikelibood analyses of nuclear ribosomal (ITS/5.88 1 and plastid nark and rrad. inton DNA
sesquences for 67 species. Al phviogenetic analyses suppornt fachieali as manophyletic. We recagnize a broad Chrvamseription
o Tuehigali encompassing species extubiting both rudially wnd bilaterally symmetrical Bowers, and we sugest that the wradi-
tional generic concept af Seleriobiam should he abandoned. The poor resolution in the Tu Higali phylogeny is suggestive of
aapicd diversitication, which has been observed in other species-tich ramforestanhabiting plant olades across the Neotropios

Keywords Caesaipiniowdense - Phylogenctics - Scierolobimn Systematics
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1 Huamantupa-Chuguimaco et al

1 Introduction

The neotropieal genus Tackgali Aubl, (Leguminosae,
Caesalpinivideuc, sensy LPWG 20173 has 76 species
1Sitva and Lima 2007 Van der Werf! 2008 Huamantupa-
Chuquinuco et al, 2019 although owr ongoing taxonomis
revision suggests it may have more than 90 species tHua-
mantupa-Chuquiniaco et al. unpubl. dat). Tachigefi has
diversified us canopy trees m the rainforest hronie across
the Andean foothnils, Amazon hasin, snd the Atlantic For
est of Brazil, as well as m the fire-prone suavanna vegeta-
tion of the Cerrado (Dwyer 1987 Lewis 20050 Silvi and
Lima 2007 Van der Werll 2008 Penmington et al. 2009
Siiva et al. 20163 The penus s particelarly diverse
Amuazonian terra firme forests, where about 70% of 1t spe-
cies are found { Van der Werll 2008 Hummantupa-Chuequi-
maco ¢t al.. unpubl. datar, The ecological prominence of
Tavhizali is exemplified by T pantcidara, which features

among the hyper-dominant tree species of the Amuazon,
with an estimated population size of bithons of mdividuals
across Amaronia (ter Steege et ol 2013y The ecological
dominance and evolutionary saccess of Tackigals may be
roated in its close symbiotie mteractuons with niirogen-
fixing bacteria i the genus Bradvehizobiun: (Spreat ef ol
2017 3 andior close assoctation with aggressive ants which
provide snti-herbivore defense (Fomseca 1995 Ward 1949,
Rico-Gray and Oliveira 20071 The ant-Tachigal{ mutoal-
ism, for example. has been hypothesized 1o be a remark-
able example of co-radintion, involving waves of coloni-
zatton by the same ant clade fuciitated by the recurrent
evolution of varnious striegies of amt-housing domaria in
fachigadi (Chommcki ot ab. 2013). On the other hand. the
fogh species diversity and eeologcad abundance of Tachi-
verti could also be explated. w part, by ity Wiosyneratic
coology (Baker et ab, 2014, particularly #ts fast demogra-
phy (precovious attanment of reproductive age, tugh rates
of reproductive success, and overadl shorter bife cyclesy.
Some species are even monocarpic 1.e.. coborts of indi-
viduals die after firse Howeris
otherwise e in tropicald irees (Poorter et al, 20051 Baker

Foster 1977, which s

et b 12073 have shown a trend for higher diversifica-

tion rates 10 clades of several penera of canopy trees {«
laga. Legummnosae: Guaiteria, Annonaceae: Cecropna.
Urticaceac s, inchudmg Tucligali, winch share a suite of
fast lite history trails,

Despite the ecological importance of Tuchiguli. obtan-
iz a full pleture of s evolutionary history has been a
challenge, Previous phylogenetic anatyses bused on chloro-
plast DNA {Haston etal. 2005, 2005 Bruncau et af. 14
LPWG 20170 Zhang et al. 2020) and fow copy nuclear

geae sequences {Manzanitia and Bruneau 20125 have con-

sistenthy placed Tuchigadi in a clade close w the Atlantic

Springer

Forest endenic Araparieli RS, Cowan (2 spp. and the
Amazoman endemic Jocguesinberia Ducke (7 spp.), The
senus Diptyehandra Tul (2 sppa. which was closely asso-
ciated with Tachieali based on overall morphology (Polhill
and Vidal 19%1) was found to be phylogenencally closer
to Moldenhawera Schrad. (12 spp.). However, this Dip-
svchamdra 4+ Moldenhawera clude had long remained uare-
solved with respect to the Tachigali clade (Broneaun et al.
2008: Manzonilia and Brunean 20120 LPWG 2017: Zhang
et al. 20201, In a recent phylogenomic analysis of 997
nuclear genes. alf these genera were strongly suppurted as
closely refated in the same clade (Ringetberg etal, 2022),
despite that clade being subtended by a short branch with
notable gene tree contlict. This suclear phylogenomic tree
sampled more densedy across the 138 of the 163 genera
currently recognized in the subfamily and has been the
basis for an entirely revised tribe-level classiication of
the Caesalpinioidene, where Techigali together with Ara-
paticlla, Dipiychandra, Jacqueshaheria, and Moldenbun -
e, are placed in the newly circumscribed inbe Sclerolo-
hieae (Bruneau et sl 20241 Alogether, however, these
phylogenctically closely related genera that comprise the
S
architectare and leaf and fruit morphologies iLewis etal
2003: Uhibare 2005: Bruneaw ot al, 202405, which might
expluin why they remained classitied in different infor-

ferciobicae are individualiy distinet in terms of foral

mal groups of the Caesalpimoideae for so fomg (Polhithl
and Vidal (951 Poliulf 19941 For example, the refatively
small flowers of Tachigafi, which are borne on fargely
puniculate inflorescences, graatly contrast with the much
targer Howers of Arapatiella. facqueshuberia, and Mold-
enfnwera. Even the apparently morphologically homog-
enous Howers of Tachigali display considerable vaniation
i terms of florad symmetry when examined more closely

in their ontogenene development (Fig. 1 Casanova ot all

20200 The genera Jucguesimberia and Moldenhawera are
more florally elaborate. Jacgueshuberia has huniming-
pird-polbisated Qowers with exserted red stamens, while
Maoldenbawera has o Malpighisceae-like foral architee-
tare, where the flowers i admost all species have vellow,
margmally crimped. fong-clawed petals, and a cluster of
sl staminodes, resemblhing the oif elands or choophores
typical of Malpighiaceae Howers (Queiroz et al, 2024,
in addition 1o having emique panpinoate leaves where
the feaflets are mnversely synunetric and opposite (Lewis

et al. 2005 Ulibarn 2008y, Tuchiy

A species have wind-
dispersed. compressed cryplosamara frutts, unlike alf other
related genera of the Sclerolobieac, which have elastically
dehiscent pods.

While the higher-level phylogencne placement of Tachi-
wali has been settled within the newly circumseribed tribe
Selerolobicse (Ringetberg et al. 2022, Bruncau et ol 20245,
the genus has 4 long confounding taxonomic history with the
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genus Sclerofobim Vogel, Floral symmietry was previousiy
used to ditferentiate Tachicadi and Sclerofobium (Dwver

Fa34, 102

1o The radiadly symmetrical-Hlowered Selerofo-
binm was treated as separate from the brlaterally-symmet-
sical-flowered Tachigalt s.str. The bilaterally symmetrical
floral archusecture with curved hypanthiom that is observed
m the spevies of Taehigetf s.ar s indeed somewhat similar
morphofogically w the much larger flowers of the related
genera Arapaticlla and Jucguesiuberia, whereas the radud
flowers of the species Tormerly wreated under Sclerlobim
more closely resemble those of Diprochandra. However,
evidence from wood anatomy (Gasson et al. 2063 Mac.
edo et al. 201035, pollen morphology (Graham and Barker
FUR 1 Banks and Lewis 18, comparative Hower develop-

3¢

ment (Casanova et al. 20205, and overall florad. fratt, and

feal morphology (Zarucchs and Herendeen 1993 Pipoly
F995, Kirkbride et af. 2000, Lewrs ot al 2005 Ulibarrn
2008 Van der Werll 20383 has supported merging these
two genera (Lewrs et al, 2005 LPWG 204 7; Lima et al.

3

13 O 1
Akla

- Although all species of Seferslobium have already

been transterred nomenclaturaliy © Tach

sl within the past

20 vears (Ohvewrs-Filho 2006; Stlva and Lima 2007 Van

der Werdl 2008 and ave currently treated under the same

4 Linsa ot al

1, the monophyly of Sederolobim and Tuchisedi has not
325 Fes

genus-level taxononue concept (LPWG 20
\

been thoroughly mvestigated using phvlogenctc analyses of
DNA sequence dwa

Despite advances in morphological studies of the Tack-
tgali-Sclerolobin bowndary. the phyvlogenctic identity and
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3. 503854

The biogeography of the Amazonian

tree flora

% Check for updates

Aﬁstofaufhorsmdﬁmirafﬁﬁaﬁmsappearsatmeondofﬁwpaper

We describe the geagraphical variation in tree species compasition across Amazonian forests and
show how environmental conditions are associated with species turnover. Our analyses are based on
2023 forest inventory plots (1 haj that provide abundance data for a total of 5188 tree species. Within-
plot species composition reflected both local environmental conditions (especially soi! nutrients and
hydrology) and geographical regions. A broader-scale view of species tumover was obtained by
interpolating the relative tree species abundances over Amazonia into 47 441 0.1-degree grid cells.
Two main dimensions of spatial change in tree species composition were identitied, The first was a
gradient between western Amazonia at the Andean forelands (with young geology and relatively
nutrignt-rich soils) and central-eastern Amazonia associated with the Guiana and Brazilian Shields
{with more ancient geology and poor soiisy. The second gradient was between the wet forests of the
northwest and the drier forests in southern Amazonia. Isolines linking celis of similar composition
crossed major Amazonian rivers, suggesting that tree species distributions are not fimited by rivers,
Even though some areas of relatively sharp species tumover were identified, mostly the tree species
composition changed gradually over large extents, which does not support delimiting clear discrete

biogeographic regions within Amazonia.

Biogeography aims to deserihe, explan, and ultimately predict patterns of
distabution and diveraty at s variety of Lxonomic fevels . It has been a
centary-long Guest 10 achieve these aims for the complex dustributional
patterns of bodicersity in Amazonia | an area formed by the tropical rain
forests of the Amazon basiss and Crudana shaeld. These forests are of ghohal
arth' . The
total richiuss of the Amazomian tree flora b been estirmated at - 16,000
species”, with most species having geographically redtricted ranges and
stmall 1o very small population sizes. Furthermaore, even the most abundant
trees mi Amavonia, dospite beir

interest. as they anguably suppon the highest biodiversity o1

relatively more widespread, tend 1o
duminate under specitic environments”,

Existing biogeographical dassifications of Amazonia have often
debined centres of endemism coinciding with large mterfluvial areas
This follows early models on the distribution patieras of vertebrate species
that focused on the role of farge nvers in separating species and triggering
speciation - the riverine barrier hypothesis Although large rivers can act as
effective barriers for fand plants in somse context
have provided sarving results

-staches an plant species
- depending on the taxa under analysiy,
often resudting in weak ot no support for large rivers as etfective barriers for
Lind plants, Avother hypothesis proposed that the dimatic oscillations
during the Pleistocene hith tnggered speciation and affected spedies range
Ay in Autasonia

the Plastovene refuge hypothesis According to

this hypothesis, tropcal rain forest retraction expassion dvinanios was a ey
driver finiting species ranges during dry glacisl periods and determimng

g..

y owel regons {Le, refuges)

range expansions from the niost consister 3
o1, the high complexity of both the
swzonms forests themselves wnd the potential footpnint of Pleistocene

dunng svetter interglacial periods. Howe:
Ar

atie oscillations on habatat availabifity for the numerous speciex that
form the Amason forests muke 2 difficult 1o test the original refuge
. The
ecoreon approach, in turn, has ued 3 combination of biodogical, weolo

hypothess, though 2 has stimadated a vigorous research agenda

giead, and geographical proxies 10 derive & blogeographical classification .
£ RLOgTay S RET
Oither biogeographical cdlassifications have been proposed based on the

geographical distribution of soif classes | and undenstory fonstic gradients

Several recest studies have

mterpolated wing remote SCHNINg

acknewdedged the potential importinee of edaphic and cimatic factors, as
well as of evolutionary and ewological proce
spatial scales, o contemporary broad- s

s st different tempaoral and
de distributionsl and diversity
patterns of Amezonian trees and othey planis

t has alwo been
suggested that geographical barners and chimatic oscillations rave had fittle
effect on the distribigion of land plants across Amazonia, but that e
graphical distance among populations can Lmit gene How sufficiently
Ingger speciation in geographicadly restricted areas - (he dispersal assembiy
hypothests ™

el ruses e rsteRed it ang

sy | (2024)7:1240
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it remains 2 daunting tesk to draw bogeographical inferences from a
relatively poorly explored region such as Amazonia, which his enormious

shortialls in biological knowledge and collecting density, e, data
deficenvies and sampling bas L Despite the Lk of data, snuch pro-

wress has been nuade in working wath scarce spatial data by emploving now
analytical methods 1o crcutavent problems of data scarcity for environ-
mental charactenistics and species ocurrence {eg, soil base wition
concentration” and betw diversity ), and joining dsparate ciforts to
advance our understanding on the ditribition of tree species diversity,
compositon and sbundance across Amazonia L Espermfly i the last
decades of the 2h century, the number of forestinventories for Amazonian
tropical rain fotests has risen fast, allowing a more comprebunsive view on

tree diversity across Amazonia feg. rell 15, However, quaniitative tests of
the biogeographical pattern of Amazonian tree communities are scarce and
based on wwomplete presence/absence data 7 or on genus-deved identini-
Aution’ ; bt see Luze o al” . unvelling

aarse spatial re

wations and very
the role of dispersil and phvlogenctiv niche conservatism on pliviogenatic
campositional chasges over Antaznua,

Here, making use of a st of 2023 tree inventory plots with tree species
upplententary g 13

abundance data, distributed well across Amazonis
we lvestigate how tree species composiion vanes across spatial and
environmental gradients, with eves on both ecological and biogeographical
patterns, We start by ordering the tree species compositional dissioilarity
between forest mventory plots, wsing Principal Covedinate Analysis
(PL0AY to assess: (1) how the Jol vanation on composttional tamover

vefiates with the local variation in Amazonien forest types and amang geo
graphical regsons within Amazomiz, ad (1) how compositional tuenover
varies alang «patial and environmentad gradients representing edaphic and
climatic fewtures. We then wse the abserved abundances of tree species in
cach inventory plot to prisduce s broad-scale view of compositional tarnover
across Amzonia. After deriving grid Tavers, at the resolution of 1.1 -degree
grid cells (121 k'), for the distrbution of tree species

redative sbundances

“

Fig. 1 | Vanation in compesition and refative abundance uf 5188 tree species in
2023 forestinventory plots {1 haj acrass Amazonian forests, Ordindion hisd

tats cotoured |
wdthy

A foresia

sherwang thy s first posopal Compos

s with nventony
3 3

ies bused o Bodrodory and sed dharactesistios o

V. swa

i agape torests; P2 whate-sand fpoedand) forests: TRGS, teira firime wn the Guiina

¢ Drazitian Sheld, TEPB terra-firme 00 the

Shiedd: TERS wrra fime o

Febax sedimeoian basun

b Gevgrag §regaons: CA Central Amazonia, EA

1 NWaA N

Lastern Amazonia SA Sauthern Assazonis, UGS Gulana §

over the Amazon, we ordered, wing Detrended Correspondence Analvsis
(DAL the grid cell communities (L, species relative abundanees over the
grid cellsh. The resulting DUA wores are mapped over Amazonia to depict
broad-scabe tree species compaositional tumaver across the region. The muaps
of tree SPeies u;m;m:.l!iun.ﬂ tarsover were awsed (o mierpret the LOYNE
sttional turnover associations with geograpiue and broad -scale edaphic and

Cimatic vasason acress the regior sod allowed the defntion of Soristic
transitional zotws ~ where changes of tree Speties rnover are sharper over
short geographic distances. Finally, we estimated the tree speans’ aiche
position {optimum) and breadth (tolerance? for chimatic, edaphue, and
compositional dimensions to show how the compaositional turnover pat-
terns wre deterinined by the ecological distribution of species over existing
gradients,

Results

Plot-level patterns in tree species composition

The Principal Coordinates Asadysis (PCoA) ordination shows that com

positional turnover at the plos leved is related to both broad evological forest
categories (hig. tu and Supplementary Fig 21 and geographival lncation
{Fig. b and Supplementary big. 3), Although there & substantial overdap
among the geographicad regions (Hg. b and Sepplamentary Fig 30, in
general terms the finst ordination ais (PCoA L} represents « gradient frin
southwestern Amazonia (with low seores) through central Asmazonia to the
weld Gerth high scores; see abso Supplementary Fiz, 31 At the same
fime (R o and Supplementary Fig. 23, the first ordination agds anre

sponds to a gradient in sodl fertility Swith poor soils having highey vahues
than rick soifsl and the secomd uxis separates seasonally tmundated {(VALLGH
and permanently waterogged {SW ) orestsswith high scores) tram the non.
mundated forests {EFGS, THBS, TEFPB. P2 with lower scores). Linear
segressions continmed these observ,
PCOALT stion
P 081, Suppleruentary Fig. 4a), and the second floristic gradient (PCoA2}

ations, with the main Horistic gradient

v related o sum of base cattons uy the sod (R, =027

VRERE S

Pl

ssbrsicied with

Anazant, SWA Routhwedlern Amazohia, Arrovws pudic ale vector

foe 34

w non foodimg ter
peratie. MOWE

sonmental predictors Blooded toodus

g zverage anaual e
thoAnrnad pet Anasad Ramtall, Podiol Winie
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maidty, pH ool pHL SR sesf sum of bases
i ¥




UNAMAD

UNIVERSIDAD NACIONAL AMAZONICA
DE MADRE DE DIOS

REGLAMENTO DEL DOCENTE INVESTIGADOR CODIGQ . RDI- 205
DE LA UNIVERSIDAD NACIONAL AMAZONICA | VERSION : 4.0
DE MADRE DE DIOS (version 4.0) FECHA  : 04/2025

Article

Table 1] The association of environmental conditions and the
variation in the tree species composition of Amazonian forests

Rank Environmental predictor R‘ A ey, F AIC

:'?(JA fode! 7. IRCoA ;ws ? i ‘M é?f)vl?ﬂ;"l’ii}}?.‘.if PEXHCIONS

1 Sl base cation 027 027 TELE 6438 3
concentration (S8)

2 Teroporatuse seasonaity Q.59 £.36 2802 -HEEG. 1

3 Podeot 204 04 1227 68165

4 Slavation (ALOS 3Dy o3 042 85 6398 9

8 Maximum camatologen o .44 474 69438
water defic (MOWD}

6 Seui pH 001 045 44.1

7 Procipitation seasonsty 281 5.45 262 ~PI0S7

& Total annuad rental 4] 046 132

4 Sean annual temperature . 0 G448 133 i VK |

13 Fisodnd DG 13.¢ -7043.3

L5 Topographes diversity i 847 8.1 1403
Topulven

12 Groundwater table G LEY az e Rl
deptls ANTDS

13 Aulti-seale wpogranhic G 047 5.8 0545

rfes AT

14 Tomperaiite range Forward selection procadus stopped

not selected)

SOA Moda! 2 [FPCoA avix 2 - 14 nvironmenty) pradictors

1 Fionoed ¢4z g4 14504 -BIEBS

2 Podgzol G0t 043 386 -F0285

3 Topographic desersity 8., (IS 44 o881
{Topelivern)

4 Presigatation seasonality 801 045 AS 71066

5 Dase Cabion o 048 214 7128

entraton (S8

3 Mean poual leonperatwe 001 Q45 269 71508
? Temporature rangs ¢ U7 2.4 71837
B Elavsthon (ALOS 304 o .47 2459 71873
g Mammiam chmatoiogeal ¢ 848 73 71929

weater deda (PACWD)

00 14 Muttiosciie 1opograshic Forward salection procaure stoppad

mafox TP, sait pH, (not selected)

temperatize seasonality

total annuat reinfal,

Qroundwater tabie

depth AT
ROA Maotel 37 [PCOA axis 1: PCGA axi$ 2] - 14 annsronimental prodiclisns
1 Foaded aa 021 #7049 4634 &
Z Sodl hase catk 518 038 5002 51485

3 Masimurn chmatoloagpeat [ER e 1326 52756
water deficd (MOWD)

< Podzot 403 048 284 ~5360. 4

& Qo pi 042 043 698 54268

B Procipitation saasonainty sS4t G.48 175 H442.2

Z Temperatury range 4.0t (43 179 5358 %

g Mean annual empergture 000 £.48 149 B471.1

9 Topograptse dversity it [t pItR1 53763
{Topoliver

10 Eigvation (ALOS 303 G58 134 S889G 7

1w 1d  Totat anmual ragmal, Foraard selvction procedure stopped
IEnperetiies Seasnaity. ot selacted)

RAl-aGal lopographic

Table 1 {continued) | The association of environmental
conditions and the variation in the tree species compasition of
Amazonian forests

Rank Enviconmental predictor &% AQR’W“ F Al
ndex MTEH, graundwster
tabie degat (WD)
DA Model 4 residuaiefRDA mosad: [PUoA axs TRPCoA anis 2] - 93 MEMs! . 14
BOVHONTENS [ Ctons
1 Fiooded 004 008 2694 H1712
e Soil base ¢ 2047 G118 1108 8277 4
conceatration (S8}
3 Podzad 0o B8 333 B34 4
3 Termpeora! RS G005 08 13.2 £325 8
3 Elavation (ALOS 3Dy 0302 0% k] B5326.7
] Mean anral tempersture. 0001 018 38 BI85

Tio13 Temparature seasormlity, Forward selotion procadurs stoppent
ol ancual ramial, {0t sedectod)
precpiaton Seasanakty.
AXNTUM CHMMBCS
water gofog (MOWD,
iopographic diversity
Topolved, mutlrseale
opcaraphes ndex RETPH
SO pH, groundveater tab
capth PATLY

i imoda

Ath rocetis 3

steongly related to whether the plot was inuadated or not (R, = 042,
P
milicantly related to PCoAT, and together these explained 47% of the var-

1013 Forward selection dentified 13 snvironmental pradiciors sug-

1aton 1 tree species shundances along PCoAT (Eable £ I addition to the
mnportanee of soll swm of bases, femperature seasonality { 4 009,
2001 and white sund soils (1,5 2 004, P> 001} were sgnificans

dronsiental predictors for the st ord

er

sation axiy {Table 1) For the
second Honstic gradient (FCoA2), mine cavironmental predactons were
selevted, which together expl

abundances along PCoA2

dined 43% of the varation in tree species

ble 13 In this wase, flooding was clearly
the most important amd the other aight predictors added Iintle explamatory
power (Table 1),

Althuough there is a bt of overdap, the ordination st plot
level supports a general pattern of turnover i trev SPECics Composition

between frests in wological regimes (4 s traditionally revogised as
dhistinet forest types, such as ferra- Rrme, white-sand, and seasonally fooded
lorests, which can be geographically proximate over o landscape

Besides the sygmmficant infhoence of environmental gradionts to the
varlation n each PUoA s separatedy (Table £, and in both axes together
(RDA maoded {PCoA axis 1) PC

- 14 Environmentad predictors,

compusitonal turnover measured # plot-level (RDA modeh [PCoA anis 1
PCoA axis 21 - 93 MEMs, B, ~ .51, P = 0001}, After partitioning ot the
relative effect of environmental and spatial predicions on tree SpRCies

compasition, there is o sigmficant spatial steacture in e environmental
predictors, shown as the shared influence of emaronmental and spatial
;\rcdidurs on tree spevies composition {jomt Eoveeonmental ~ .\psiial
fraction of vanstion partition, K, = 033 P = 0,001}, Ruding cut this jont
eovirenmental < spatial cfect, the environmental predictors done add &
fitde Jess varition on tree species composition
traction of varistion partition, &'

unigue eavironmental
0.34; £ <0001 than the spatial pre-
dictory (MEMs1 dlone tunique spateal fracton of vanation partition,

BUCEhons B
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Fig. 2} Varation s interpolated composition and
refative abundance of 5,188 tree species in 47,431
grid cells (0.1-degree squares| across Amazonian
forests, Drdizanon biplots showing the twe tirst

1A axes with god cells codoused By gevgraphic

srgion: CA Centeal Atazonia, EA Bastern Amade

. 68 Casana Suedd, NWA Neshwotern Ama

sopie, SWA Southwesterin Amazona, YA Southers

Amazonia Black marks show the aversge postion

for 1he abundance distribution of the 20 tee speaes
with the highest interpotated total shundance. The
distributions of thew speces 10 gevgraplical and
asdination AT e showiy m ‘il""h}‘l)(n!ul b

bigs 524

o o

DCAY

R = B8P = G0001 L The firsl two environmental predictors, explaining
st of the variation in both PCoA axes (Flooded and Soil base cavon
concentration (8B} Yable 1, RDA Model 34 are the same predictors
responsible for rmost of the nos-spatiaily structured compositional variation
{re. the residuals of the spatial RDA model (PCoA {1:27 ~ 93 MEMsh
Table | RDA Model 43 Although, some of the environmental predictors,
explainarg most of FCoA ases vaniation {maxinum dinmm}i)gi(ai WA
detiat {MOWDS, Soil pH, Table | RDA Moded 33, actually explain o small
and non-significant amount of the nonspatially structured compositional
varation (R < 0, 2 > 005, Table 1 RDA Maodel 43

Pattems in grid-level tree species composition and turnover

When the effect of bxal covivonmental variation was sseraged out by
interpolatny relative speaes abundances st the resolation of 017 gnd cells
(Fig. 1), the main axis of variation in tree speaies composition {DUALY
cleardy showed s Jongitudmal gradiont from woestern Amaronian forests
(SWA and NWA) through contral and southern Amazonia (CA and SA)
towards Eastern Anusonn (RAY and the Guians shield {GS) Along the
second anis (DCAZL the strongest contrast was between the southern

regions (3A and SWA, with low scorest and northemn and central regions
(NWALCA, and parts of G, with high scorest, with EA bong mtermediate
and & humn: much fess varation than the other regions In fact, the buplotin
Fig, © deardy reflects the geographical outhiy of the Amazonian forest.

The general impression from the grid-level DXCA ordination s that
flonistic transitions across Amazonia are rather gradual anony the geo-
graphical regrons, as adiacent regions have relatively similar foristic com-

position. Fhis was confirmed when the DCA scores were plotted on the
actual map of Amazonia {hig T tree spedies componition changed gra

dually over farge geographucal distances, The gradual change incomposition
recovered by ICAT ran from the Andean forclands to the Guiana Shicld
£ Sa ) Over most of Amazota, solines of the DCAL scores were far apart.
indwating gradual species turnover across space, bt some zones showed
sharper turnover. These
geograpincal distances were conondint with the contfloence of tree speaes’
geographical and environmental range hmits, even for very common tree

esof intense u)mpu\wﬂm e turnover over short

spectes (e, Epena fudcata, b conacea and Trattnicka Bursersfola,
Supplementary F 24} These areas of sharper tree species turnover were
alse 1 agreement with abrupt changes m chmatologicd and eduphic
attributes {Fig, Zad In particalar, DOAL showed two zones of sharp furn
over. The fiest zone ran m the ecast westdirection largely comcident with the

headwaters of the nivers drawing from the Guiana highlands and Acans
mountans fee the soline of DCAL value 1 !:-;g, ), separaimg the
Guianas from the rest of Amazonia, The sevond zone of relatively sharp
TUINOVEr 0 GiTOss Amaroian 1\)\\1«”1'3» i (ﬂL wost iy 3 “ﬂfﬁ\-\n“”'

orientation comnciding with changes in averagie soil acidity §pH tand soif base

caion voncertration (8B, which are .‘u«'hu on the western than the castorn
side of the transition zone (Fig. 3a) The gradual changes m ree species
composition indicated by DCA2 ran from northewestern Amasonia to
sonsth-castern Amazon g, b in DOA2, the zone of sharpest urnover
ran in the cast-west dizection, being even more steep i the southern part of
the Amazon basin {Fg. b, soline of MOWD value <2755 A slightly more
gradud turnover zone can be seen Rerther north runung right across several

migjor tributaries of the Amarzon River feg. Tarua, Puras, Madeua) and also
cms’\m-g the Amazon River et The zones of sharp tumaover shown by
1
areas encompass the upper Negro Raver, the Japundd
Prtumnayo, and the Napo River basins, and the drver arcas the headsaters of
the Tapayos and Ningu Rivers (Fig. by

2 largely tollow a divide between wetter and drver climates. The welter

saquetd, the o

Species distributions along environmental and compositional
gradients

The most commai Amazonian tree speaies are widespread across Ama-
zonia but show divenming centres of distribution slong the compositional
gradient recovered by the grid-lovel DCA ordimation (Supplementary
Figs. 5 24}, suggesting they occupy different nche positons, fudeed, the
aiche positions of indovidual speaes are well distributed along both the

clissatic gradients {apnual saiofall, maximuem dimatologicd water defiat,

and the edaphic gradients (sol sunwofbases, piy {Fig. ia-d} and also aling
the uun;x'«mm‘d adients thased on DICA scores of the gnd oo
{Fig. e, {1 Purthermare, as suggested by the species niche breadths, mo
species tend 0 l‘\\ui’\ only 1 relatively smadf part of the observed gradient,
while a few species show broad niche breadths (Fig 1. Among the 26 most
common iree species in our plot dataset (bd.«ui ot the sum of ploteved
abundances), those with the strongest preforonce for veny wet cimates

{highest niche positions (WA} b annual rainfall, Fig &3 were Rinerca
s, Oenocorpus dacabe, and Renorea racensosy, Bifty-three speaies
exchusively ovcarred i plots with maximum dimatological water defiat
bl Eperin falvats, Qerocarpus batiua, and Mawritia

equaal to zero (F
fexnosy were the three speaes among the most common ones with niche
sowettest places i Fag, i) in contrast

position for MOWD dase to zera

{ {2024)7:1240
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a3 GCA a1

Fig. 3 | Maps of the broad - wale spatial variation of
Lree spevies composition across Amuzonia, Soorcs

af {3 DUA A L b DUA Axis2 {hothlsom Yy

siths suaps, grey fines are the solines linking equal

taveds of DOA seares, with the spatial distance
Detwern conseutnve sulines being inver wlf. refatisd
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to Protuem wltissonam dat b among the most commen speces with fow
niche position values for MCWD {ie, dryer end of the gradient in Fig. b
A6l 20 mnst common spedies were distaibuted in the middic of the gradient
Lo show niche position for the logarithrn of soil sum of bases
Fig, ) and in the adidic part of the sod pH gradient
{ie have niche position for soil pH between 4.2 and 531 Twe of the 20 most
falvata, and Penfaclethra macroloba) had 4 niche
idi. corresponding 10 mam oourrence
Very common species octtrring mamly in

i sl fertality
within - 0.3 and ¢

conunon speaies (Eper
position value for DAL & 1 {F
area in the Guisna Shicld (Fig.
wastern Amazonia {DCAL < 08} were Pseudobmedia faevis and Iriariea
deltonden, and these were largely the same species as the enes with sum of
bases optanum > - 0.06, Common species from the doer aress in southern

Amazonin A2 > 44) inchuded Theobronu
nensts, Aniphiodon effusus, Metredorea flavida, and Protsam feptaphyiiuns,
The miche positions (uiche optins) and piche breadths {tolerances) for all
3188 tree spedies are giver i Sugplementary table

Tl wosouitions of species nmche posttions on compesitional and
environmental gradients show that spevies placed @t both ends of the

SPRCIOSUN, Amiarcua i

compostional gradient wre also placed at the ends of the enviromnental
gradients (Fig. 5}, supporting that spevies niche segregation does influence
compasitional turnever. Edaphic gradients {pH, SB) segregate the specics
along the first compositional dimension (DCATLF . cacb), while the species
composition wWory the second composttiond dimension (DAL} 1 swegre:

gated dlong the water avalability gradient {Ansual rainfall, MOWD,
Fig. e, di Species occupying the upper ends of the main compositional
gradient fend to sccupy wsmaller fraction of the existing gradient

Discussion
In Amazonia, tree-inventary plots generally do not shave a large nurmber of
ve species . The high composttional differentiation between forest plats
feven i the same ared) retlects sampling by T-ha plots all specws that
actually exast at 4 site canatot be sampled with the Timsted namber of stems
that fir within t-ha plot . Nevertheless, vur anabyses recoverad compasi
tional gradients that are related to envionmental factors, even after
remonviteg spatially stractured environmental variation. The first PCoA axis
{eorsesponding to the strongest gradient in tree species composition af the
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relatively marrow mches, as well as those with sarrow geographical vanges.
will be the ones with distribution restricted to one past of the exsting
environmenta)l gradiert within the arge geographicad extent, covered by
troprcal rain orests of Amazonm,

Based on the spatial distribution of the DUA scores, we identitied four
zones of refatively sharp spatial turnover I tree species composiion (i.c.
flonstic transiional zones) within Amuazonta Irnportantly, cach of those
floristic transitional zotes was associated with major changes along distinet
environmental gradients. For example, the foristic transitional zone in the
Northeastesn part of Amazonia is cotncident with the intertivial divide
betwern the Amazon Basin and the river basins draining from the highlands
oof the Guiana Shicld and Acarat Mountains. The forests along this floristic
transitional zone were wore dynamiic i terms af vegetational changes
ations over the bt 30,000 vears 7, and are sl

ndiced by cimatic va
characterised by a dry tansverse belt from the Rio Brance, Rupuruni and
Sipafiwini savannas to the Trombetas- Tapajos confluence with the Amaron
River. This may be the most important biogeographical divide in Amazonia,
that is fess marked, however, in the lowlands of the northern coastal river
basiny  {i.e., French Guiana and the Amapas State i Brazdl). The other three
floristic transitienal areas, however, do not show dear bogeographival

barriers controtiing the compositzonal changes over short distances. Rather,
contiuous changes in emvironment along the lowlands are likely intluen-
cing compaosigonal turnover here. The flonstic transitional rone of western

part of Amazonta can be associated with changes i soil fextibty {SB) and
acidity (pH) and perhaps species with Andeaa aflinity. Forests found west of
that transitionad area (Lo closer to the Andean foothills) grow on relatively
vounger sedinents that ferm fertile and more basw soils . This composi

tionsal transition zone b lergely cotodent with a previoasly reported
compositional furnover zone of biogeographical impartance that crosses
both the middle-apper Iurwd nver and the main Amazon River. A third
florstic transitional zome forms a belt traversing the major white-water
tributaries of the Amazon River (Le., Turud, Parus and Madwira riversi and
the Amazon River itself {Fig. b - blue isoline). This floristic transitional
zone delimitates the region with sser devation across Amazonia: st sepi-
raties the forests at the southern and northesn borders of the Amazon basin
frosm the forests close to the Amazon Kiver mamn stern. The regon that this
fourth Horistic transitional zone crosses the Amazon river provide support
for curbier bogeographic defimitations of virzea forests in the Amizon nver
tloudplaing . The southern floristic transitional zone is kagely comadent

with changes from a wetter to refatively dner cimate, relatively close

transition zone between the tropical rain forest and savania biomes
Further studies could consider the teraporal dynanues of these envir

onmental gradients t shed Hght on the dyramic feature of those floristic

transitional zones, Historical floristic dynamics among surrounding biomes

and even within the vpen 1o dense Iowland rain Torests may have mfluenced
the formation of 2ones of shasp Horistic ternover. Tor example, oristic
legacies from Andean-centred tree species, whose distribution s skewesd 10
il temperatuses of higher montane forests i the topicel Andes ™ ware
reparted in eardier studies in the Amavon lowland rain forests

§

andd are
inchaded 1 the western Horistic sone we identfied {eg. Hex, Panopss).
Sirmitar ceasoning may apply to the area of fonistic transition m the soathern
partaf Amavonis, which is relatively cose W the confluence betwearithe tree
species in seasonally decduous forests within the Cerrado biome and the
tree species eocurning in the setler forests of the Amazonian fowlands snd
has beens rather dynamic over historical tinsen . The sharp compositional
changes between the tropical rain forests of the Guana Shield and the
Amazon basin were perhips carlior based on geographic and eologic
harsiers e, mountains, dry areas), which were more pronounced in the
past, but nowadavs they are lkely 10 be mamtained by ecological sorting
along relatively sharp environmental gradients and bmsted dispersal.

The pattemn of Hortstie compositional changes aaross Amazonian
forests, at both resolutivns we evaluated, s consistent with the description of
atengitudinal gradient in Horistic composition across Amazonia, with the
farests in the Western Amazonia gradually ditfening from the forests on the
Cuiana Shicld . Despite the overniding effect of local enmvaronmental

conditions at the plot level, the east-west compositional changes across
Amazonia were apparent even in the plot data (Fig ). Tine is most fikely
controfied by the generdd cast-west gradient in jocal environmental condi-
tion, and perhaps by specics dispersal across Amvizonu.

< composition among Jocal assemblages are

Changes i tree
prmarily refated to differenoes w soil fentility and w ooding conditions,

Changes in tree species composition across Amazonian forests are mostly
gradual over large geographical extents, but mose sharply over relatively
short geographical distances in certain arcas. Zones of pronounced tree

specics mrnover over shovt geographical distances tend 10 show abrupt
changes 1 broad-scale gradients of soil tertilty, temperaun: seasonality,
and the seasonal avatlability or deficit of water. The Amazoman teee tora o
assembled by several thomand tree spevies partitioned over the eaviron
mental gradients, the thoristic transitional zomes 2 Ao are not coie
cordant with putative blogeographical barriers hampenag the defition of
strictly defined biogeographical units based on the Amazonun tree lors

Methods
Forest inventory database and environmental correlates

Our tree-inventory data (March 2024 - ATDN20240303} are part of the
Amazen Tree Diversity Network . which contained 2023 trev inyentory
plots {Supplementary big. 11 with infurmation on species composition and
shusdance, Maost of trec-inventonies were for 1-ha size and sampled trees
withs 4 diameter at breast height {DBH, at 130 mj or above whbidir roots
210 ¢m (o plot metadata, see Supplementary table 21 Species synanymy
was updated following ref. =1, but harmonizing names with the Workd Fora
Online . Species with a confer (¢ identif;

tion were accepted us belonging
tos the named species, while those withuaffinis (ol were accepted only at the
gens Jovel and therefore removed from this analysis. The imal community

matrix comptised 2.023 plots and 5,188 sccepted troe species.

‘The plot coordinates were used to classify each plot into one of sis
geographic regions (Supplementary g 1) (i3 Northwestern Amazora
(NWAL, (i) Southawestern Amazonds ISWAS (1) Central Amazonia (CAS
{iv} Southem Amazonia (A} (v) Eastern Amazonta (EA} and {vi} Guans
Shictd iGSE Plot metadata were used to clasafy the forests into seven eco-
togical categores (Supplemientary Fig, 13 Four of thesw refer o non-
mandated areas erra-fivme): (3 Terra-fme over the sedinsentary basin
(TEPBY, oy Terra Firme over the Braziian Shield formation (TEBS), (1)
Terra-Firme over the Guias Shicld tormation (TEGS), and {iv) Terne
Firme over podzals (ie, White-Sand Forests (P21 The other three seder to

wetland forests: (1) Virzea (VA seasenally imndated by a white-water
tivers}, (] fgapa (G sesonally inundated by ablack or dear-water rivers),
sned (i) Swamp {SW: permuanently poordy drained;.

To evahuate the association of tree species composition with envison:
mental conditions, a total of 12 continuous environmental attributes wer
extracted from grdded data. A soiladidity (pH ) surface tor entize

WRROMR
was created with a loess model {with o span of 0.2, 3 degree of 2 usng
Canssian fitting) based on mcasurements of soif pH from soil profiles
available from several sources

{Supplementary Fig 250 Asa measure
of nutrient availability, we used the loganthm of soil base cation ¢on-
centration (8B; Cat Mg+ K3, as provided by Zuguim et al -, Climatic data
was sbtained from CHEISA | We used three variables for temperature
{pwan annuat femperature, l{.‘!i}{‘(.’!dhl%‘r range, and tt’!tl;‘rl’;xmu' SLAMHE-
ality} and two for precipstation (total annual ranall, precpitation season-
dityh, We also ovtimated the maximum chmatological water deficit
{MOUWD, which can be considered a nesure of seasonal drought. This was

calculated as the cumulative ramfull defiit of consecutive smonths with
100 smm of precipitation from F981-2020 ax measured by CHIRPS © 7 the
water-table depth was extracted from a gndded faver produced by Fan
et ab . Three topographic variables (devation, multi-scale opographic
sndex, wpographisc diversity index) were abtuned from the digital surfoce
txdels of the ALOS Wordd 30y - I addition to the 12 centinuous
environmental predictors, we incleded fwo categonical environmental
predictors that discriminate the major furest types of Amazenia. For that we
into Flooded vs. Non dlooded fie, Seasonaliy flooded

classified the sites

+1{2024}7:1240
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torests wa. Upland non-flooded forestst, and Podast vs. Non-Podand (ie,
Wiite sand forests va. Forests on sift and day soilst Environmental aun

butes were sehected beforehand o represents edaphic and climatic featiires
with recognised importance for free species distribution. Also, befire pro

ceeding with the analysis, we tested the varance inflation factor {VIF) of
the M onvirommental prodictons te assure that there are not multi-
coilinearity sssues betwern predictors. Highest VIE was obtained for de

on {VIF = 7.4, but sull lower than the threshold of VIF = 10 indicating a
strong coinearity between prodictors . We then followad the analyss using
all the 14 environmental predictors,

Analysis of plot-level data

We hrst explored gradients in tree species composition at the plotlevel. 1e.,
using the origimal tree inventory data. We caloulated floristic dissimifarities
between the plots using the Bray-Curtss index based on refative abundarnce
data. As soimne paies of plots were completely dissimilar 1o cach other. we
used the extended dissimularitios so replace the dissimilarity vadues saturated
ter the masismum vatue of waity {ca. 9% of the total parwise dissimilaritios)
with 2 path across single stepping-stene points | providing ecologcally-
reafistic dissimifarities between plots tat share ro species . The resalling
dissimilacity matrix was analysed using Principal Coordinates Analysis
(PCoAL and scaterplots for the scores of the first two axes were used 1o
Hy interpret the vatiation in tve species composition in relation 1o

vist

focused our interpretation on the first two PCoA axes, together captunng
L3 of varation o the disstmilarity matrix, as subsequent axes do net
capture more tas 6% of wial varation. To aid or the interpretation of the
VArALOn i dree spedies composition i relation with the environmental
gradients, ve added, 10 the PCoA scatterplot, vectors showng the direction

towards greatest environmental changes and morease of msociation with the
ordination configuration. We, then, quantified the strengths fadiusted R of
the finear relationships between PCoA scores wnd the 14 avatlable envir-
onmental pradictors using Redundance Analvas (RDA] with forward
selection to evaluated which are the environmenta) gradients explaning
uoat of viriation in tree species composition. The forwand selection fits a
havear moded of cach predictor at a tire and tests their adiusted R’ agasnst
randomly permuted fitting,

Given the geagraphic extent covered by the myventory-plots inchuded in
the ATDN database. and the inherent spatially sregular samphng design of
the inventory-plols, it s expected that the spatial structure of plots {eg,
geograplic clusters) exerts an influence both on the measured enviros
mental gradients and on the tree species compasitional turnover’ . To
evaduate the relative mfluence of rague spatial fraction, Ui environ
mental fraction, and twir shared efect {environmental + spatial) en tree

spevics compasition, we applied a variation parttiotang approach, using the
set of I environmental predictors plus a selected set of Morais's eenvector
paps {MEMs) a spatial predictors. To select the spatial weighting matris
(SWM) used 1o derive the MEMs, we used three graph-based criteria of
conneatvity (Gabriel's graph, Relative neghbuurhood graph, Ministum
spanaing trec) and weighting tollowing a linear decreasing function of phot
voordinates distances. as recommended woref The double diag-
onalization of the of the SWM results in a Jarge set of MEMs, which were

further selected based on the optinisation of adjusted & using forward
tion with & double-stopping criterion. following”. To test the sig:
nificance of the unique spatial fraction and the shared environnental <
spatial friction of the variation partition nodel, we used Moran spectral
vandousations, which are spatially constrained permutations that provide
rubsist estimates of the significance of model adistments ™ Fally, we
quantified. using RDA wath forward selection, the adjusted & of each

sule

eavironmental predictor fisting only the unigue environmental fraction {ic.,
the residials of the model relating both PCoA axes and the MEMs spatial
prodiciors? o aceess the influence of oo spatially struciured environ-
mentid gradients on free species Compos

Allanalyses were done in the Renvironment . Extensded dissumilaritios
were computed with the “stepacross” function. environmental vectors were

tional turnover.

fitted with the ‘envlit’ funcues, and vanation partitioning were performied
with the varpart’ fusction of " Vegan " brary’ . PCoA were computed with
the ‘peo’ function of the “habdsy™ library . The optimisation of sciected
SWM and the sdection of subset of MEMs were performed with the
listwoselect” function, the spataily constrained permutation tests of the
e and the shared fractions of varation partitioning weee performed
with the 'msr’ and ‘envspacetest’ functions, and the RDA with forward
selection with the forwardsel” function of the “adespatial” iibrary

Analysis of grid-level data

Mot level analyses are strongly affected by Jocal ecologicat effects, which can
vary comsiderably over short geopraphical distances {eq. plots reprosenting
mundated vs. non-nundated forests can be in dose proximity to each
othert. To remove this effect and foaus on more broad-scale biogeographical
patterns, we divided Amazonia into 47441 grid cells at the resolution o 6.1
arc degrees 121 k') and estimated the redative abundance of gach teee
species for each grid cell wsing the spatial interpolation method of ter Steege
etal . As g relative abundance mcasure, we nsed KA. N, where n,
equals the number of stems of species F and N, the total number of stems in
the plot (incudimg unidentified trees ). For @l 3188 species with s valid name
m the plots, we constricted an inverse distance weighting GDW ) moded fur

RAwatha dstance-decay power of 2, maximunt number of plors used tor
cach focal estimation of 150, and a magimon distance parameter of 4
degrecs.

We performied a Detrended Correspondence Analysis (DCAY on the
god-fevelcommunity matrix to map the broad-scale varistion of tree species
vinmposition across Anazosia. Jhis is for two reasons, we assumied U
there gre no strict blogeographical boundaries in Amazonia, and DCA s a
perfect way of describany gradients (see belowh FCoA 1s based on simile.

rites among plots (nthis case cells) and would average out the gradients too
msch DUA s based on weighted averaging and to batasce the mffuence of
cominon speces w the ordination pattern, we used DCA without down.
wemhting rare species, which are most of the species in Amazonia™ . The
responye curve of spectes is assumed Lo be unimodal, with the average being
the mean niche position and the standard deviation being 3 measure of
aiche breadth . The results were visualised both with traditional ordination
seatterplots and by plotiing the DCA axis scores on a map of Amazonia, In

the DOCA ordination plot, we alse visaalised the distributions of the 20 nust
abundant tree speaies (those with the largest sum of relative sbundances
over all grid Celhs). On the map of Amazonia, we added isolines that link
stmilar evels of DCA scores (o assess spedies turnover rates: when con
sevutive 3XCA dsalines are refatively dose to each other, pecies turinser
across space is sharper then when conseoutive IXCA sofines are relatively far
from cach other. To highlight the association betwesn areas of sharper
speaes trnover and existing environssental gradients, we overaid the
ssehines for sl pH over the map of the first DCA axis and the solines for
munirum cimatologiead water deficit with the map of the second DOCA gxis,
To detine the level tor the environmental gradient isolines to be overiayed
over the DCA maps, we evatuated the point of wflection in she cunve
associating the species distributional ranges dong the envirenmental seales
DEA was performied using the function ‘decorara’ of the “Vegan”T R
tbrary ", with standand settings and without down Aweghting rare species.

Gradients and species niche breadth

To sid i the mterpretation of the broad-scale variation of tree sprcies
o )!ﬂp{)ﬁi{iﬂﬂ across ,‘Xlnii?ﬂﬂi&: W (l)ﬂ”.?l“i_’d thC Sy‘f‘(li“:' neat K}}L'§1("
pusttions and breadths wong enviconmental and compositional gradients,
The mean niche position was computed by cakeudating weighted averages
(WA of the plot-wise species relutive abundances for four environssental
variables fannual ramfadl, maxinmuem cumulative water deficit, sum of bases,
pH}and for the compusitional gradients obtained from the grid-level DCA
anatyses [CA axes Fand 2 scores). The valises of each independent vasiable
were extracted from the cortesponding raster data wsing the coordinates of
the forestinventory plots, Weghted Av wng scores (mean siche position

or optimumy for those variables were caleulated for each species using the
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RESEARCH

The pacé of life for forest trees
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Anthony Di Flore®™®, Louis Duchesne™, Thaise Emifio™t, Camila Lafs Farrapo'®, Sophie Fauset®,
Federlck C. Draper®?, Ted R. Feldpausch*®, Rafael Flora Ramos™, Valeria Forni Martins™%,

Marcelo Fragomeni Simon®™, Miguel Gama Reis'®, Angelo Gilberto Manzatto®, Bruno Herault'®,
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Guido Parde®, R. Toby Pennington™®, Maria Cristing Pefusla-Mora®, Nigel €. A. Pitman™,
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Tree growth and longevity trade-offs fundamentally shape the temrestrial carbon halance. Yet, we lack a unified
understanding of how such trade-offs vary across the worid's forests. By mapping iite history traits for 2
wide: fange of species across the Amaricas. we reveal considerable variation in life expectancies from

10 centémeters in diameter (ranging from 1.3 to 3195 years) and show that the pace of ¥fe for traes can he
accurately classified into four demographic functional types. We found emergent patterns in the strength of
trade-offs between growth and longevity across a temperature gradient. Furthermore, we show that the
diversity of ife history traits varies pradictably across forest biomes, giving rise to a positive relationship
between trait diversity and productivity. Our parlatitudinal assessment provides new insights inte the

demographic mechanisms that govern the carbon turnover rate across forest biomes,

he cumulative energetic insestiment in
survival and growth from ong year o the
next uliimately deternunes an omgnisnry
overaching pace of hife, including the
time if takes to grow to s maximal sive
and it Jife expectaniy (4, 2). This fundamental
relationship beiwesn coergetic investments,
developmental schadules, and Jongevity has
been extensively studied for animads, showing
that high reseurce allocation wward growdl is
inversely related o life expectancy and maxi-
mal body muss (3, 43, Trees are also assumed to
retain tightly coupled relationships between

growth strategies, life expedancies, and max-
i es (Fig 1A} (3, which determine the
dynamics and structure of global foreste. Yet,
although these Il histony differences funda-
mentally regulate how fast carbon is sequestered
in different regions of the vegetaton catbon
pool (683, we still lack a unified understand-

Biahe-Muarmphy of @f

ienee 388, G208 (2004)

ing of the range of tree life history strategivs
it exist across global forests,

{615 widely secepted that tree kife history
stradenios should align along a primary axts of
vanation in thelr pace of life, ranging from fast-
growing, short-lived species to slow-growing,
ong-lived species (e, Bst-show continuum and
/K sdection theary) (Fig. 1A) {5) In this con-
wext, high energetic nvestiuent of finite re-
sourees wward fast growth & expevted to
womie at the cost of reduced survival, which
uitimately determines a species’ life expectancy
and masimad size (Fig. JA) (9-413. Thus, i is

¢ expected that abiotic constradnts (e, solf nu-

trients, water, and temperamire) shoukd strongly
shape the pave of Hife for trees, giving rise 1o
prediclable variation in the strength of life
history trade-offs across biogeographic gra-
dients (Fig. 18 (722 So far, however, the only
empirical tests of these trade-offs come from

4+ Uhtober 2023

tree ring data and locad-sesle studies £ OF
tiopical eopsystems and have produced .
resuits {2, 12-745.

One potestial challenge that can obwoury pros
dictable patterres iy the paoe of life for trees
is that itis not enly the traits that are expected
o vary across environmental gradients but
also the diversity of those traits. For example,
strong biotic compitition acmss wopical forests
is thought to have led to high demographic
nidie differentiation (e high demographic
diversity; Fig. 1C, upper right). By contrast,
resource limitatdons in harsh cold and dry
regons are assimed to have restricted the

speeies pool to predominantly siow growing
tong-fived species (Fig. 1€, lower left), Yet,
these suppositions lack empirical evidenee to
support thens becatse the extreme longevity of
trees (which can live for thousands of vears)
has prechuded owr mpacity 1o quantify the
strength of tree life history trade-offs across
a wide range of spe ler alone character-
ize the diversity of life history trails across
biogengraphic gradients,

It this study, we wsed the largest dataset of
dynanmic tree mformation o date and gsed
age-fram-stege methods to calewdate the mean
life expectancy and maximal life span for a
wide mange of trees across the Ameries U519,
spanning n latituding gradient from Novih-
em Canaili to Southern Brazil This includes
fong-terny records from an mternational net-
work of researchers, including members of
the Global Forest Dynamies, Forest Plots.net
(18, 19}, and ForestGeo (20-22) networks and
the United States and Canadian forest inven-
tory programs (2:3-25) To balance this ditaset
across our biogeographic gradient, we ran-
domly subsampled the North American plots
to equal the number of point observations in
Central and South America [see supplemen
tary nuaterials (SM), materiads and methods],
resulting in 2.2 million distingt tree measures
ments for 127 species e, tree size and sta-
sk Our big<lata approach allowad us s est
for the expectation that trees align along the
fast-slow continuum {(Fig. 1A, H1; and to quan-
tify whether tree growth-longevity-stature
refationships covary across suil, water, and
temperature gradients {Jg 1B, HE). Apant
from species with lisy ocourrences (<100 obser-
vations: e SM, materials and methods), our
systematic sampling allowed us 1o test for the
expectation that the tange of e higory grat-
egies oceupied by species (Le., danographic tait
diversity) varies predictably across broadseale
biogeographic gradients, with harsh cold re-
gions in the Northern Hemisphere restricting
trees to a smaller pool of predominantly gow-
growing, lang-lived species (Fig 1C, H3s On the
basis of the wellestablished divesav-productivity
relationship, we also expected demographic

ecosvstem produoctivity (Fig. 10 H3L
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To guantty tree growth, bngevity, und stature
for awide runge of species aaoss blogpographic
racdients and test our girer core Bypotdieses, we
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and @rid coll as a randorn effect VM. matedals
ancd methods) We then nsed the survival and
rowth coefficients 1o 1t sizedependent inte
aral pgection rodels (D181 and derive age-
related tats from size-dependent nhxmtuimc\
for b species within each zrid cell 8SM, nea-
teriads and methods) (4527, 26285 IPMs v~
fanically integrate size~dependent varkility
i survival and growth as a continuous pro-
cesy, which wlowed us to use cross-sectional

data over diserete time steys 1o take interspe-
e comparixons of how many vears it tukes
trees G attann ey milestones in their lile arele,
We parameterized our IPMs using methods

el dati showed Uit s pargaeterization
methiod ean provide realistic estinates of tree
age demogrphics (20

We wsed our spechsspecific 1PMs and
agifromestage methads o caleniate several
quantitative measures of growth, bogevity,
and sushrre. Specificaliy, we caenbiged the nune
ber of vy it takes for trees W grow fro 10
26 e in diameter (i S2, path 223 and W grow

Density
92

W00
Life e frovs 100m doh {yrs)

0

e Ciagter |
® Cigster 2
Chuster 3 "

OC axs 2 {28%). max. size {(smadi-jarge:

FC ans 1 (46%). growth st

CL

Fig, 2. Visamal ﬂkntm mn of tree ;.mwth !on;,evny stature rehumwrps and core ﬂenmgraphrc func»

tional types.

Baafee Mu

tast-slow}

from 10 co (o the T0th quantile of their sim
distribution {fiz. 82, path a1 thereafter re-
ferred to as “rowth strategios”n The 10-cm-
diwmeter jower-bound threshold was chosen
besanse 1T was the size ol which point trees
wer aonsivtently monitonsd acrass the st
networks, and the 70th quantile thredold was
ehosen becawse 1 raflects a matiiee siee it which
poind treex have approached theis witimate
posttion b the forest. We adso caleulated twe
quantitative mewsums of tree fongaity, ndud-
g thelr averige ranaining fife expetany
from 30 em in dianter and their madsmal lie-
span age (95% cohort montadity from 10 cm
axdd i e e of maxisal tree stature (s
sasinud Me-span ages (i, 82, par )
Thiese mean estinmmtes aysture the pace of e
for trees {grawth, longevity, and “atire; on
the basis of observed dinate condition
e fast cemury (derived from dvnamical data
colleded between 1926 and 200; see SM. ma-
terials and methods).

O estimates of mmalning life expe aney
rom M em dbh range from L7 o 31635 Neirs,
with o mean value of 60 vears in the ropies

Lide exp §

bl 100
YEars 1o grow from 10-200m ok

[=3
g
&

Tel, RN, size (wnali-fargy)

2 extrat

I-QR (g ¥ Uctobser I

arwd 95 vears in the extratropics (Fig. 240 This
trend matehes our theoretical expectation of
broadscale tree lifis Bistory diversification pat-
terns (Fig. 18 ad vonfens with kaown free
lnngevity hotspots, s whichi the oldest reconledd
SPECIes o0enr it temperate conifer and boreal
forests (2 305, Howevern, there was also oo
siderable ovirlap in the range of tee life ox
poctandies Across biomes (figs. 83 and $4.and
tabike 820 and wide vidability in how loogevit ty
relates Lo tree growth srtegies and nudmad
statures (Fig, 28, figs, 83 and S4, and table §2).
iy impentaust Lo aote thig renuining e ex-
pectany fiom 17 eon dbh is 2 speciesdevel mewn
estime {i -.a.\ fs comeitional ve: aviving te B em
bl A daw He expectanoy, tdatne o the mean
vrnber of years it iakes aspecies togrow from

10 10 20 ca dbh. does ot inply that no ingi-
viduals will reach 20 am dbh Instead, it io
pehies that less than badf of B individuals wili
1

sunvive o that size threshaold,

Tree dife history strategies do not strictly
tollow the fast slow contimaum (H1)
To test the expectation that trees ehign along
the fast-slow contisus (Fig. 1A, 11, we first
examined univarite trait correlations and
found moderate support for trade offs be
tween tee growth, fongevity, and statare (fig
L For example, the nunibes s i takes
trees 1o gxow fioam 10 1o 20 o in dianeter was
positively correlaed to lite expectancy | Pearson
correlation coefficient (r! = 0,29 and masimad
Hie-span age (Pearson’s 7 = 0.211] Simyilurly,
smanimal e size vas positively retated o lise
expectaney (Pearson’s r = 0.4 The strength
of these pairwise correlations also suggesty
it tree age demogrmaphies de no strictly fol
fow a single axiy of variation along the fag-skow
contimm (e, the assimption that prowth i
tightly coupled and imversely refated o longev-
ity and maximal atony
1o examine the malidimensionality of ge
age desogaphics ¥z 1A, H, we atudyzed
the vanance covarkno? riv of tree grwth,
ongevity, amd stature 18 & pricipad oome
ponents wudysis (PCA L Bighly corelated trags
thist captured redundant trait informadion wie
exchided from the PCA (8g. %5), restlting in the
Hectsion of tee poasth Strates e, @owth
from 10 w20 em bl and the 7oth Griantile
o therr size distribuetion ), e expectaney from
10 andbh, and maxima trev size Mg The
first PC ais captured 46% of the iife history
trait variation and was heavily weighted by
tree growth dyeg ln 20 o dbh
angd the 70th ¢ The PO
toadings abso showed that slow growth wis
currdated with high life espedancy and lage
maxing stze dable S10 The secord axis e
tred 28% of the trait variation. The divection-
ality between the trait correlations Tipped,
whereby slow growth was negativelv ourre-
fated 4 i : {{abde
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growth and Bomass retention in tree lon-
gesity, with important inplications for mued-
eling the global carbon balanoe in a changng
weantld (46,

Demographic diversily varies predictably
across rogeographic gradients (H3)
terize the range of life history stra-
thit are expressed Dy troes aeross browd-
seale biogergraphic gnudients we fing cdeulatad
the oenves-hudl volume in demwsgraphie tmit
space within each giid cell (SM, mated s wxd
methods) (477 and compared the relationship
between the demographic trait diversity of
forests and wellbastablished patlerns in spe
eles ricknes. The oonvex-md! volume was ca-
calated by astng the lfe hidorny trait PC soures
for axes 1 10 3. which together Quptimed 55% of
the Ife history it variation, We then tested
whether the demographile trait diversity of
forests varied predivtably sems biogeographic
gradients andd explored potential ks between
dertographk: tat diversity and naaciely sensed
estimites of potential aboveground net pri-
mary priduchivity ONPPs (Fig. 10, H, and 8M,
materials ard methods) (A8 The expedtation
is that the diversity of life histary trait strat-
vgies that are expressed by trees should vary
predictably acioss biogeographic gradients,
with higher demagraphic diversity being posi-
thvely assoctated wath abovegund praduativity,
Our results Hustrate that the denographic
tradt divessity of forests follows welleablished
patterns o gecks ridiness [Rg. A, adsted
axefficient of determination {ad) 8% = Q.65 2
00011 We alvo bund that the demographic
diversity of farests varied predictably ¢
biugeagraphi whients. with high demo
praphic trait diversity across warm topics!
foresty and low diversity of predomiranty
cowiti, targ-lived species in the cold
temperate and boreal forests {adj A% = 0.4,
P 0001 Fiz 48 and table 871 Lastly, we
fownd a pusitive corveiation hetween the de-
mographic diversity of forests and remotely
sensed estinetes stem productivity

oot

REELSY

{ eons)

iPearson’s » = 0,71}

The emergenae of a positive association be
teeen the demographic trait diversity and
coosvetemn productivity §s i Hne with two o
muualh exclusive hvpothess, From an ewly
Honary perspedtive, ecosstem productivity
thought 1o drive species diversification s
niche differentiation 463 Conversely, folloy-
ing widely established relationships between
todiverst stem function, iore de-
mogzeaplicadly di e fosres ¢ annpinoenly
wssuined 0 bave access to a larger r
puot and stioukd thus be mons produetiv 1
In dus study, we found modemte suppart for
both hypothes specificadly, we found that
eoosyitem productivity was predictive of de
mographic an diversity .u..uvs ‘\m&rl»(

Iy
),

0.00% Fig 0 and table 87 At the sune
time, ecosvstem productivity was jointly inflae
enend by temperafure Caverage marginad effect =
083, 1 = 0.04 Fig. 412 and demogragsuic trait
diversity Goverage marging effect = 149, 7 «
0001 Fig. 4D This posttive association was
consistent acros the tropies (e /47 =026, 7 «
001 table 537 and extratropics {adj &7 = 0534,
P < Q.00 Pl 4D and table 873 It showld he
noted that NPP was strongly corrsdated with
soedn ann ol tempetatre (Pearson's = 0.04,
which did not allow us to explicitly test for the
individiad and oomdined effert of these var
fables on demographie trat divemin. Although
oatr heolscale analysis does not estaldish can-
sality in the divection of these relationships, it
does highlight the inextricable link between
demographic tait diversity and o«

productivity across forest biomes.
The estabiished association betwest demo-

phic bt diversity and ecosystem produ
¥isin bne with emergent paiterns derved
frutir tropical forest plots, whieh found that
the demwgraphic composition of forests was
prediciive of empirically derived measures of
abovegrattid Simtlasiy,
aar fidings mateh theoretical espectations
that the pace of fife of organisms within a asn-
punity {eg. ife exportaney and generation
time? should strongly resulate the relationship
betwaen rboi urnover fevosystern fluxesy
and earbon reention fecosystem peols )
is important o note that the association be
twedn demographic trail diversity and eoosys-
Lo productivity was derivesd from smultiyear
averages i remotely sensed NPP from 1997 1o
2013 and fom mean edinates of tree growth -
Iongevity-stature relationships that were based
ui the current distribution of species (e, de-
rived from dyiamical dati colledted fromy the
D008t 200057 Thas approach did not adlow us
to seonunt for potential biogeosmphic biases in
e effents of human disturbanee an spedes di
wersity (he, between boreal and tropical foresta ),
Yet, by quantifying the curent distribution of
demographie fundiona pes avmss broad-
stale resouree gradients our results provide a
powerful backdrop for panuneterizing nest
senetalion wepdaton model o simudite forest
carbon tniover rates seoss @ range of earpent
aned futuee vomditions.

More gereraly, our analvsis offers strong
ewipitcal support for the expactation of high
denugraphic trait diversity in topical frests
e cotnpared with temprerate and boread forests.
This mubibiome fuxding supports the commue
aity asserbily theory of drong abiotic fitering
in boredd regrons, which suits in o nestricted
species poad of prodeninantly shav-growing,
b Bived speaes (Fig, 10, H This emenzent
pattern is congrent with known variability in
phvsiologiond leal trail chansteristiy acros
biogeoraphic gradients (47 45, with decre

&=

1o bgher ttudes (37 Sy, g st muady
well-establishod species richness productivity
relationships across global forests (37, 54) and
commugity structure - productivity 10
ships (353 Ve, aithongh it makes intuitive
SenNe th.r{ the demographic diversity of {forest
eonnuunities foliows well-edablished patiens
in sparies rehness (48, 30). our findings es-
tablish a more direct fink 1o the demographic
miechanisms e generate global vintation in
veasystem carbon Rurtover

Conclusions

Our brosedsade analysis reveals the remakathile
diversity of Hie history steategies that exist for
tree species acoss the Aioeticas. Weak trade-
offs bebwean Gee growth, longevity, and steture
across Diugrograpiie madients demonstrale
the modwdar and flexibde nature of wees, high

lighting the divessity of svolutionary fmjecto-
rigs that have arisen (0 address the seoloicd
przzbe of susvivid In wddigon, fom s fmctional
perspective, we jound that althoogh soguisi-
tive Traes sequester carbon at faster rates, they
aisn generally appear constrained 1o smudler
maximum sizes and shorter e spans that
translate o lower carbon storage and (aster
carbon turnover More fmportantly, we found
that more demograpfically diverse foresty
teiid 1o be maore productive e the ecosystem
sutle aeress the ropics and extrutmpics, Th
findivgs have impoertant implications for in-

forming global restortion and consecvation
efforts and o undesstanding the fundamen-
tal feedback between biodiversity and chinate
chinge wmitigtion.

e
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Abstract

Chver the Tust nvo centunies, since the treatment of Leguminosae in Flosa Brasificnsis. plany few legume specics and genera have been
desuribed, udding to the accumulisted body of know fedge on species” circumseriptions and distribution. published in monographs,
taxonomic revisions and segional flonistic reatments of specitic Brazitian phy geagraphic domams. The Flora do Brasil 2020 project
was g collabotatve effort conducted between 2008 and 2020 to meet the targets set by the Global Strategy for Plaat Conservation,
aninitiative of the Convention on Biol sgical Diversity. The project ained to mvenory and revise the taxonomy of afl plant spegies
m Brwzil, including Leguninosae. The monograph of the legume family was carried out by a team of 102 taxonomists (107 of the
project’s totah). who worked towards updating and veritying the taxonomy of these plants in an online plattorm. Information on the
Bk forms. substrate, endemism fevel, and geographical distribution for all accepted tisa were provided, alongside morphological
desersptions. wentification keys, images of herbarium specimiens and field photographs. In this work. we have extracted from the
Flora do Brasil 2020 project the tegume data consolidated on Decerber 3156, 2020 W provide an overview of the species diversity
of Leguminosie in Brazil and its distribution across phviogeographic domains. The results reveated that the fany fv s wepresented by
220 genera, of which 19 e endemic, and a totad of 2901 species (1370 endenied. After fully monographing 210 genera (959, we
show cised Le guminesae as the most diverse family m the country, representing 69 of the total vascular plant species documented
i Flora do Brasid 2020, The species are found in all phytegeographic domains, exbibitiag a wide range of fe forms. The Marg
Artiinpca and Caatinga domains ogether contain the largest number of endemic fegume penera i Brazil, most of them mons NP
alic. A discussion on the conservation status of the Brazilian fegume species is atso provided. Know fedge of the Brazilian Nlora
is contimuously advancing, particularly with regarsds o Leguminosae. demanding regular tsonomic and nomenciatural updates,
Current collaborations have greatly improved our understanding of kegune diversity snd distribution, providing evidence (o inform
cotservation priontization and action for the Leguminosae in Brazil's mesadiverse flor,

Keywords Biodiversity - Conservation - Fabacoae - Historical background - Taxonomy

1 Introduction

The Legununosae for Fahaceaes, cneompassing 22,4560
aceepted species and nearly 800 genera (Legue Daty Portal
235008 among the most species-rich and ecologically and
ceonomically important famidies of flov enng plants. Within
the Americas, it ranks us the third most diverse fumily. with
almost 7500 species (Ultoa Ullos et b, 2017, being the most
diverse 1n Brazil iUlloa Ulloa et al. 2001 72 BFG 20275, and the
second richest in Mexico, the Guianas, North America. and
Veezuela (Ulioa Ullog et al, 20173 Beyond its sheer species
divessity. the family has significant economic mportance, with
QUINCTOUS species serving crucial roles i areas such as food
production, forage, imber, medicine and as ornamentals. Lag-
ume species wie found throughoot the World, with the exXcep-
uon of Amtasctica, and are often dominant taxa in many differ-
CRLepvironments and major biomes, spanmng the succulent,
grass. rainforest, and temperate biomes (Schrire of al. 205
LPWG X370 The symbiosis of legumes with nodule-forming
mtrogen-fixing bacteria plays an mportant reke in sustaning
essential ecosystem functions (Sprent 20045, These remarkable
characteristies led Le guminosae 1o be the st targe! group for
global evaluation of plant diversity and comervation ¢ Yehara
etal 2613,

Leguminesae is acknowledged to be among the maost
morphelogically and evolutionarily distinctive plant fummlies
Magalton et ab. 26195 Following its original description in
1789 by Jussien 1 {789 345, Leguminosae was for wmost two

4;: Springer

centuries geated as comprising three subtumilies: ¢ acsalpin-
widewe, Mimosoideae, und Papifionowe e, although with many
modifications in the circumseription of the constitiient tribes
and genera (Polhill and Raven 1951 Lewis ot al. 20051, Over
the past three decades, a series of phvlogenetic analyses, nota-
by one based on plastid rmak gene sequences (LPWG 2617,
have reshaped our understanding of Leguminosae classification
(LPWG 2007). The Leguminosae has tong boen robustly sup-
ported s a monaphyletic family and is presently recognized
asencompassing sixsubfamilies: Cercidoideae. Detarioidese,
Daparquetiondese, Diatioideae, Caesalpsniondeae, snd Papilio-
nowdeae (LPWG 20173, The maditional subfamily Mimsoidoae
hus been redetined as the tribe Mimoscae within a rocireun-
senbed subfamily Caesalpinioideae (LPWG 2017: Bruncau
elal. 20245 This revised phyfogeny-hased classification seflects
aretined understanding of the evolutionary relationships within
the Leguminosae. which has been largely confirnwed by sub-
sequent densely-sampled taxonomically broad phylogenomic
analyses of nuclear and plastid genomes (Koenen ef al. 2020
Zhang ot al. 2020; Zhao et al, 2021 Ringetherzetal 2022,

Historical background on the systematics of Brazilian leg-
tmes ~ Nuprerous taxonomic treatments and Flora accounts
of the Leguminosae huve been continuously pubhished at afi
taxononuc fevels within the famnly. Those studies are essentizsd
tor understanding the dwersity wid distribution of spectes and,
conssquently, are essential baseline data for comenvation strate-

1Y

gies, sustainable use. and ecofogical restoration (BFG 2023,
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to the worklow adopted for the mana;
are avadable i Marting ot al, (2018,

The occurrence data of species 105 extnction risk assess.
awnt were compiled from herbanum eolfections availubie
o ontine platforms (Virtual Herbarium REFLOR AL Mips
te o by gov brdre florw herbanoVirteal: JABOT. hit
jahotibry gov.be/y 30 specieslink, hupsy/speciosling 1
GBIE, mtps:/aww gbif.org). The occurrence data were
geareferenced (:hh/mg informabion from the specimen’s
ferbarium kabels at the georeferencing stage of record com-
pitation. Subsequently, the data underwent vahidation by a
fegume taxonomist, folfowed by the preparation of speces
sheets, supplementary analvses, and extinction nisk assess.
ments conducted by trmned Red List evaluators. AN these
stages constitute the process of assessing the conservation
status of any plant species carned out by CNCFlorw/JBRJ,

To better understand the conservition status of the fam-
iy, duta on sative Leguminosae species were obtuined for
each of the phytogeographic domains according to Flora
do Rrasil 2020 and compared with data from the Official
List of Threatened Species of the Brazilian Flora 2022, The
quantity and percentage of species assessed for each domain
were determined. considering that some species oceur in one
or more domains, The sum of all species per domain does
nobrepresent the total number of lepume species assessed.
48 SPeCies may repeat across domains,

g spatial veelor point data of threalened species
occurenees (CRUOEN and VUi and Data Deticient (DD
Rernel Density Estimation analysis 1Parzen 19621 was con-
ducted. Kernel nyaps are useful i spatial analysis, altowing
visualization of arvas with higher density of a specific pomnt
phenomenon hased on its distribution in space. The analy-
sis considers a cireular seighborhood around each sample
pnnt corresponding to the radios of mfluence. applying a

mathematical function to find ne; ighboring and overlapping
ponts (Sitverman 19%6). Thus, with the de A5y mps clas.
sified into eight quantile classes. it was possible 1o determine
regions of higher concentration or absence of legume species
oceprrence reports by exnnction risk category distributed
across the Brazifian territory,

ment of tis process

Wi

3 Results

The treatment of the Leguminosae in the Flora deo RBrasil
2020 reveuted that the family is represented in the coun-
try by 220 genera, of which 19 are endemic © Brazil,
and 2901 species £ 1376 endemic to Brazily, Exe ept tor the
monospecitic West African subfamily Duparquetiondesac.
alt the other five subfamities under the most recent
phylogeny-hased Leguminosae classification (LPWG
2017y are represented in the Bravitian Flora (Fig. Ix

«7_ Springer

Cacsalpiniordeae, ractuding the tribe Mimoseae 11354
speciest, Papilionoideae (12675, Detanioideae 1172y, Cer-
cidordeac (965, and Didividese (12,

The majonty of Brizihan legume species are terresdrial,
with only a few species in the genera Aeschynomene, Ara-
chix. Mimosa, Neptunia. and Sesbania growing in frosh-
waler aquatic habitats, or in both terrestrial and aguatic
emvironmaents. They exhibit o wide range of life forms.
ranging lrom giant emergent forest trees (e.g., Dinizia
excelsa Ducke in Amaconia:. and robust canopy hanas. to
sheubs, «ubshrabs. anouat or perennial (erect, prostraie or
decumbent) herbs, and herbaceous or semi-woody vines,
with or without tendrils. Many legume species display
plasticaty v their hife form., changing from vines or Hianas
1o shrubs or small wees, especially o the carly stages of
their life cycle, as occurs in some species of Dalbergia,
Machasrium. Schnella, and Senegalia,

The ten most speciose legume genera in Brazil are
Mimosa (374 species: 73% endemic, (v‘fm'lwrrri.sld {268
SITY dnga (134 3990, Swarezia (112 S6% 5. Senna {8k
A5, Calliandra (74 805, ;i-luvkm raem (7460500, Ara-
chis (650745, Bauhinia (62: 654, and Tachivali 160:

% 5o which wgethes comprise 45% of the total spedies
diversity of Brazifian legumes (Table 11 F g 1 Among
the 220 legume genera that occur in the Brazitian flors,
itis noteworthy that 19 gre endemic wnd together com-
prise only 36 species (Table 2). The Brazibian endemic
penvs Moldeniawere has the greatest number of species
(323, and also inhabits several phy togeographic domuains
iTable 23 Among the Brazilian endemic fegume gen-
o, the Mata Atldntica and Caatinea phvtogeographic
domains together contain the largest number of endemic
genera, most of them monospecitic and with geographi-

cally restricted distribution. {n contrast, Melanoxylm,
despite being a monospecitic [ents, comprivag only M.
brauna Schott, commonly Known as “bragna” and other
derivative vernacular names. has @ broad distribution
across phytogeographic domains in several Brazilian statos
of the Northeast and Southeast regions.

Leguminosae species are present in virtually all veg-
elaton (ypes scross the major phytogeographic demains
i Brazil. where many are endemic or narrowly restricted
{Tables 2. 3 4 Figs. 2.3, 4.5, 6, 7. & CAppendix 825,
The Cerrado piviogeographic domain is hvn\f to the larg-
est number of fegume species 1297 species: 524 § (407701
endemic, in 124 genera, followed by Amazinia 11163 spe-
cies: 219 11991 endemic, in 182 generar, Mara Atldniion
{1006 species: «4% {25%  endemic. in 149 ceneray, Caar
inga 1639 species; {55 §1< o1 eademic. in 129 peaeray,
Pampe (245 species: $2 135 | endentic. 1 67 genera, and
Pantanal (192 species: 1054} endemic, in 73 aenerd)

Legununosae species are found in all Brazifian 2UOPO-
tinical regions and the funily has the 2reatest number of
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Fig. 1 species 1\75}0\\ and a)
endenism of Brazilian Lo gunne
novae across subtanntias (@ and
the en modt speciose genera iby

Numbaer of species

b)

Humibser of species

specws concenirated i the North 1246 species, of which
353 endemicy, followed by the Southeast ( 11697683y, North-
east (JO9S/605 1, Central-Western (10944721 and South
(SR IR3),

g Brazi ron-ondenss

i Reazit sndeme

Brazil non-endame

Siace the greatest peak of species deseription of Legu-
minosae in Brazil during the period of publication of
Flora Brasiliensiy, new species accumulation has contin-
ued (Fig. 9. Indeed. our search for IPNI records of new
spectes published 20002020 inclusive and based on type

s
‘Q Springer
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Fig. 3 Represcatal # nabive peoers of Brazthan Leguminosae m the Amazdnia phytegeograptie doma
uatic {b i Androcalymmea glabrijiulivm (3. Heterostemon mimosoides (8, Peraladenson urecol
15 by Domingos Cardoso fa, b, @1 and Marcas Pakedo (o)

dina lanfolia @), Manoprersx

sterim wy, and Uleanthus envihrinoides ifs. Pheo-
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genera, such as Adesmia (Fig. 71, Lupinus (Fig. 76, and
Mimosa (Fig. 7e). have many species in the Pampa. which
are mostly shared with the high-altitude grasstands of the
Mata Addntica. some of them even reaching the open veg-
etation of the Cerrado. Arachis burkartii Handro (Fig. 7,
Pomarta rubicunda (Vogely B.B.Simpson & G.P.Lewis
tFrg. 7o) and Indigofera asperifoliv Bong. ex Benth,
(Fig. 7d) are other examples of species that. in addition to
the Pampa, also occur in other domains, predominantly in
the Cerrado and Mara Atléntica. Given the continuity and
the subtropical climate of the Pampa. species of legumes,
such as Senna nara (Benth.) HS Irwin & B arneby (Fig. 7hy,
2row in vegetation more bke that encountered in Uruguay
and Argentina than in other Brazilian phytogeagraphic
domains,

Panicmal. More recent checklists assembled from newljy
coflected specimens and taxononic accounts of focal floras
(Pottand Pott 202 ta: Sartors et al, 2021) have reported more
than 300 species and 103 genera of legumes to the entire
Pantanal region across Brazil, Bolivia, and Paraguay. The
mumbers presented here for just the Brazilian Pantanal phy-
togeographic domain (192 speciesi provides evidence that

Brazil is home to more than 6% of the total legume species
reported from this domain,

The most speciose genera in the Brazilian Pamanal
are Mimosa, Arachis, Senna, Desmodium, and Behinia,
together representing around 329 of the legume species 19
the region. Arboreal and shrubby legumes are convmon in
the domain, ¢. 507 and generally occur in association with
riparian forests: these include Albizia inundata (Mart.)
Barneby & J.W.Grimes, Inge vere Willd., liuga disticha
Benth., Libidibia paraguariensis (D Parodi) G P Lewis
(Fig. 8Fy, and Zygia pithecolobioides {Kuntze) Barneby
& JW.Grimes. Species such as Pelrogyne confertifiora
{Mart. ex Hayne) Benth., Guibourtia chodatiana Hass!.,
and Cenostigma marginatom (Tul ) Gagnon & G.P.Lewis
aceur in seasonal Torests, the latter being restricted to the
Pantanal. Herbaceous and subshrubby species account for
almost 35% of the fegume species richness in the Panra-
nal. Some of the herbaceous species are endemic, such as
Arachis appressipila Krapov. & W.C.Greg., A hochned
Krapov. & W.C Greg., A, linearifolia Valis. Krapov, &
CESimpson, A. vaiida Krapov. & W.C.Greg.. A vallsii
Krapov. & W Greg.. Galactia benthamiana Micheli, and
Dolichapsis paraguariensis (Benth.y Hass), Subshrubby

Threatened
(CR.EN, VUi oo

Fig. 10 Kerval density map showing the spatial distribution of the

~ 211
82122078

GCS WS 1984
Xm
& TO00 2000 3o

conservation Matus of Brazihian legume species which wem assessed as

thtestened i 233 species) or Data Deficient 1125) applying the categores and criteria of te ICCN Red List of Threatened spevies {CR, critically

endatigered: EN, emdanpered: VU, vuirerable: and DD, data deticiont;
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20205 and Brazd. s a megadiverse country, needs to combat
this crisis. The greatest challenge ahead is 1o halt the acceler-
ated degradation of Brazil's biomes. We can present many
teasons, and much scientific evidence, in favor of conserving
Brazil's biodiversity, but one fact alene should be enough to
motivate everyone 10 take up this cause: "Without plants. there
s o hife™ (Global Strategy for Plant Conservation, GSPC).

Supplementary Information The online vession contams supplenen-
tary matenal available at Rtips Ados o/ 10 TRA0L TS 024-0 (1 347

Acknowledgements We express var gratitude to the Rio de Janeiro
Batasical Garden and Dra. Rateels Forzea for vonrdinating the “Florg
<o Brastd” project smee 0% so successfully: 16 the herbarivm curs-
tors tor easuring the ankntenance of collections: to bolwusts for their
codlections deposited 0 horbaria: to parataxonomists who guidde hoty-
msts on scentific expeditions: and twe anorymous weyviewers for the
detaited cormotions and suggestions on the REMSCRPL W also thanks
1o Jenathan Krieger for assistance with Internationa Plant Name Index
(PN data. The proget has been sustaned with sesourees invested oS
the Natwsnal Counci for Scientific and Technulogical Development
(CNPs. the Cardus Chagas Foundation for Research Support of the
State of Rie de Janesro (FAPERD). and the Ministry of Science and
Technology, respotisibie tor the Brazitian Bicdivensity Information Sys-
fem (BB DC's research m legume systematics 1 also supported
by prants Trom CONPg (Research Productivity Felfowship, Grant No.
AAIET2021-9, and Edutal Unwersal Grant No. 2223282010845, and
Cartos Chagas Poandation for Research Suppert of the State of Rio do
Fanewo (FAPERY: Programa Jovem Cntist do Nosso Fstado--2022.
Grant No. 200.18¥2023) IRVES research is suppostad by CNPyg
Research Preductivity Fellowship jGrant No, 33 ISR47/2021 -5

Author contributions MPM. FIRE. ALRS, MES IRVL GPL, HCL,
ENLOMEF, LPOQL EPFLSEY and DC contributed 10 the study concep-
fron, compifed. organyzed, analyzed data and the w riting of the artscle.
OC, £PF and FLRYF produced tables and figures, AN 94 natonal and
mternational collaboraors geverated and roviewed Leguninosae data
from onginad research on the Fiona do Brasil 2026 progest.

Data availability Afl data wsed i this study is available in the Sup-
plementary Information. Weekly updated version of the Brazilian leg-
umes can be publicly acevssad at Flora e Funga do Brasil platatorm a
Bitpadwww Seradobrasit e govbrrconsulty and ats in Darwin Core
» e Janeiro Betanicn! Garden (JBR 1)

Archave format through the Ri
hiisdiversity repasitory at htips wwa ipLbri g behri/resouice e
st especios_ flora brasid

Declarations

Conflict of Interest { uviano Paganucci Quaires is Guest Editor ot the
Brazilean Journal of Botany, amd we assure this article was entirely
handled by an Associste Bditor, The authors declare that there are oo
other competing interests

References

Alcantara-Rodrigues M. Frangose M, van Ande! T {20195 Piant
knowledge in the Historia Naturalis Brasiline (16483 retontions
of Seventesnth-century plant use in Rrazil. Econ Rot 20 1-15

Abves EM. Satons ALB <009 Caesalpinioideae daguminnnae : do um
femaneseente de Chace em Porio Murtinho, Mato Grosso do Sul,
Brasth. Rodnigiudsia 64531850

Andrade BO. Ditse W, Aguiar CAL Aires ET, Alvams DI Barbieri R1.
Carvatho CIB. Barz M. Becker FG, Bencke GA. Banduwsi A, Sibva
JB. Blochwin B. Boldrini 11 Bell PK. Bondin J. Sitveira RME.
Borges-Martine M. Bosenbacker €, Braccins §. Brave B. Brito R,
Brown G, Baneker HM, Buzatto CR, Cavadleri A Cochin S7.
Colombo £, Constanting R, Costa CF, Datzochio MS, Oliveira MG,
Dias RA, Santos LA, Duarte AF, Duace 3LP, Durigon | Sitva ME,
Berreira PPA, Ferraira T, Ferrer J, Ferro VG, Fontana CS, Freire
MD. Freitas TRO, Galiana 12, Garcia M, Santos TG, Gaes RLP,
Gonzaty £, Gotischath M3, Geaciolli G, Granads CL, Grings M,
Cumiardes PS, Hovdochi 1 fop S Tarenkow JA, Jungbluth P, Katter
Mi Kamimsk LA, Kenine DO, Kint D, Krolow TK, Kriger RE.
Kubiak BE. Leal-Zanchet AM. Cochnunn D, Lucas DB, Lucas
EM. Luza AL Machado IF, Madalozzo B, Magstrl R, Malaburby
LR, Maneyro R, Marinho MAT, Marques R, Marta KS, Marting
DS, Martine GS, Martins TR, Mello AS. Metio RI Mendonga
funor MS, Morais ABB. Momira U5V, Mowmira LFBR. Moura 1A,
Nerva MHL Ot R, Faindo P, Passaghia LMP, Périco 1, Petzhold BS.
Pites MM, Poppe JL. Quintela M. Raguse-Quadros M. Percira
MIR. Renser 8. Ribeiro B, Ribeiro JRE, Rodrigues ENL, Rodri-
oo PES. Remanowski HP, Ruschel TP, Saccol SSA, Savaris M,

Sibwira FS. Schaniw W, Sieghwh AE, Siewen RR, Sitva Fitho PIS,
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Anexo 12. Tesis sustentada de la bachiller Nicole Vasquez.

UNIVERSIDAD NACIONAL AMAZONICA DE MADRE DE DIOS

iy Decanatura de la Facultad de Ingenieria

j Ao del Breentenano. de i Consolidacion de Muestra independancia v de 13 Conmemoracisn de ias
Herowas Batadas de dunin y Avacucho”

Hasiie de Dios capital de 1a biodiversidad dei Pary’

RESOLUCION DE DECANATURA DE LA FACULTAD DE INGENIERIA N° 623-2024-
UNAMAD-DFI

Puerto Maldonade, 19 de diciemhre de 2624

VISTO

Expedionte N© 4823, de echa 19 de dicembre di 2024 Canta N° §82-2024-UNAMAD-IFMA-PAZP  de fecha 18 ge
; ! £ SIZA-LMFMANF FAZP, de fecha 17 da domembie de 2004 Estanie y FReglamente
1 Jniversidad Naconal Amarés et fAad

Generat de Grados v Thulos V 3 G de

CONSIDERANDO:

Qus. megiante Loy N 27287 42 fecha 05 ge e de 2000, s crea 'a Unbiersidad Nacienal Amazonica do tladre da
5 Aauinnzanduse su funconamenio defiutivo, mediante Resofucian N2 C25-2009.CONATL, oe fecha 27 de
GBS Gl Bhn

P

¢ medante Resolucidn g Tonseis Directive N 132-2019-SUNEDUICD, de fecha 10 de cctubme de 2015, 1%y
vaversidad Naciona Amazénca de Masire ds Dios, obtiene su Licsnciamienio Institucional. gor un periodo de 08 angs

3

rades y Tilules de s UNAMAD version 3.0, aprobado por Rasolucion de Congels
CU. de 21 de mayo de 2032 eguia of procsdimiente de confanr grados

idue, & Roglz
Limiversitacg N
Acadss

Que. ef Articuln B° dg ia Lay N 30220 - Lay Universitana seAaia wug "B Eslade reconoce la autonomiz umversitang
Lat autonomia inheronta 2 s universidades se eierce de conformidad con fo establecido en ia Consfitucion, ia presente
Ley y demas normas aphcadle. Esta autonomia se manitasta en los siguientes regimenes normative, e Gohiemn
acamos, admirusirative ¥ eConsries,

Que. et Reglamente General de Grados y Titulos de la UNAMAD aprobaco par Reschucidn de Consejo Universitaria N°
QB5-2022-UNAMAL-CU de fecha 31 ge raye del 2022 regita ef protediosenta de canferir grados acadenycos y titulos
profesionas, v en su Articulo 85” sstabiscs ia sustentacidn de 12 tesis no poda exceder los cugrsnta (407 minulos. &
de sesenta {G0) minuios v 5@ sonead cuil de

La50 di ser dos ins poshaantes, e tiempo de sustEntacion e excedera
los npachilieres msia s SJSIeNAciGn

Que, ¢ Articulo 96° gt mizmg Rgamento. eslabisce ef duizco Rovisor de fa sustentacion de tesis g5 ¢l misma que
S0 8 IOYECo a2 les's v estarna integrade por un presidents {ei decente de mayor prefacion), un voca! y s secratanio
2 Menot prefacion). Los miembros del Jurado Revisor deberan eslar presentes z g hora fyada de la susientason
veshidng con tisje formal GLig el CASC IsqQuies e,

iue, madiante Fesolicion de Gecanatura N° 3052 2OZAUNAMAG-OFY, de fecha 13 de setiembre de 2023, sa
CONFORMA, in Comision Ravisors Ad Hae dol Proyecta de Tesis tituiado “ETNOBOTANICA CUANTITATIVA DE LA
FLORA ARBOREA DEL BOSQUE AMAZCGNICO DEL FUNDO EL BOSQUE ~ UNAMAD. LAS PIEDRAS,
TAMBOPATA”, resentude por ia Bacteiier Sria. Nicole Eliane Vasquez Bravo de i Carrera Profesional e ingeniana
Fomstal y Madio Ambiente de i Universicad Nacional Armazonics de Madie de Dios. ia TISIOE que estard mlegrada por
tes M S Telesfors Vasquez Zavaiets Presidenta At Se Jorge Sankage Garate Quispe Sacretarie, D Victo:
4 Auipata Vocal, D Roger Oswaldo Poceobuanca Aguilar Accasitario.

I

Oue, madiante Resoiucion de Docanatura K¢ 438-2026-UNAMAD-CF L de fecha 18 de oclutre de 2004, s& APRUESA
¢ Proyecto de Tews fiulado "ETNOBOTANICA CUANTITATIVA DE LA FLORA ARBOREA DEL BOSQUE
AMAZONICO DEL FUNDO Ei BOSQUE - UNAMAD, LAS PIEDRAS, TAMBOPATA”, preseniado por i Bachifter
Srea. Nicole Etlane Vasquer Bravo de 'a Carerg Profesionat de ingerieria Forestal y Media Ambients de la Universidad
Nacisnal Amazérics de Madre de Dios.

Lue. medisnte Resolucidn de Desanatura de ls Facultad de ingeneria N© 64 P-2C24-UNAMAD-DFI, da fechs 27 de
nire de 2024, se CONFORNMA, ¢ Jurado Evaluador para 12 emision del dictamen del informe Final do Tasis
mtiade “Einoboténica cuantitativa de {a flora arbérea de! besque Amazénico del fundo B} bosque - UNAMAD,
Las Fiedras, Tambopata”, prosentade por la Sachider &rta. Nicole Eitane Visquez Brave de la Carrera Pictasiona!
e brgenies Forestal y Medio Ambiente ge ia Universidad Naoonal Amazdnica de Madre de Dios. la musma que estara
megrada por s siguentes dosentes Or Fery Amilcar Zevsilos Paoliito-Presidente, M. Sc. Jorge Santago Carate
Quispe-Secretario, U Vietor Par Auguipata-Vocal, Dv. Roeger Oswaldo Poccobuanics Aguilar-Accesitario.

D, mediants tnforme N¥ 0282024 DMEMAE.PA2E de fecha 17 de goemnre ge 2024 el Jurado Revisor remite al
Decans de ia Facultad de Ingemeria, 1s aprobacien por unaniidad del informe Final de Tesis titulaco “Etnobotanica
cuantitativa de ia flora arborea det bosgue Amazonico del fundo Ei bosque - UNAMAD, Las Piedras,

UNAMAD- Parquc éll:r‘uﬂifwi‘r;u' S'ris'te;n.l.ﬁ{e c‘favn' V!r.wu Ii.gavc.nb'n.é Innosvacion
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vy UNIVERSIDAD NACIONAL AMAZONICA DE MADRE DE DIOS
”

4 Decanatura de la Facultad de Ingenieria
j Ao del Beenienaric, de s Donsclidanon de Nuastra indapendancia y de 1a Conmemaracion oo ae
Herowas B S Junie y A i

: 2 13 bindivers:

ad de: Farg

RESQLUCION DE DECANATURA DE LA FACULTAD DE INGENIERIA N° 623-2024-
UNAMAD-DFI

P

= de diciembie

on. &
IMANG, G

Tembopata™, presantedo por i3 Bachiier Srta Nicale Eﬁ:me Vésuuaz Bravo, de
-'t"‘ y Modw Amhionte, para su sn&;isaf‘
@t s dunes 23 de diciembre de 2024

it g2 Ingers,

Faculttad de ingere esolticion de a
mTRe ‘ﬂma* de vec & y pxmmamr oha “mea ¥ugar 48 ack atacdemico de susteniacion de Tesis det e fina:
de tess ntulano “Etnobotdnica coantidativa de ta flora arborea del bosgue Amazénico del funds E} bm«qmn -
uhAMAD Las Piadras. Tambopata” presestads poria Saoniller Srta Nicols Filane Vasgquer Bravo, do ! 3
g ingenioris Forestial v Madgao Am 2

125 contargdss of NG, pof ki Le & WM 08 ia Universided

tdas me ctoral

sy

P 2023

SE REQUELVE;

ARTICLLO PRIMERD: APROBAR o e Final de Teas Lulado “Etnchotanica cuantitativa de ta fiera arbctrp.a
det bosgue Amazonics del fundo H bowue UNAMAD, Las Piadras. Tambopata™ »rs‘«Jﬁ K13 B

Srta. Nicole Ehane Vasquer Brave, o 273 Protesionat de ingemvers *..Tt!}vfi
Universldad Naciong! Amsednss e Ma

A

ARTICULO SEGUNDS:. CONYOCAR & fns oo det Juiade Fevsor para ol Acto Académico de Sustentacion
de 1a Tesis Mulade “Etnobotanica cuantitativa de la flora ardorza del bosque Amazonico del funda B basque -
dhAMA{} Las Piedras, Tambopata”, presertado por la o S‘m M(.om Eliane VYasquer Bravs, o ia Darre

enierid Forestal y Medio Amiss a1l

Pregigante
Secrstann
Vocat
Accesitario

GEen ol Acte Academico de Sustentacidn e Tesig,
@ funes 23 de diclembra dat 2024 3 55 98:00 hosas

P los n BT

EEE AR TRT S Y 1
38 y Tiuion ge

Laraurn de s

ad Qo o re

E':ﬂ;ie?tad de m{;wmma. HEER R

ARTICULG QUINTG: DISPONER, se nofifiqus 1% bretante |
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3 Asesr
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Anexo 13. Tesis sustentada de la bachiller Maria Cristina Noriega

s }’u},x UNIVERSIDAD NACIONAL AMAZONICA DE MADRE DE DIOS
) %ﬁa Decanatura de la Facultad de Ingenieria

t‘, ARG de! Snerdevang, de s Consolidacian de Nusstra Indepandencia y de le Conmemoragion we las
Herowas Hatatas de Junin ¥ Ayacusho”
Madre de Dios capital de 13 bicdiversidad des Perg

RESOLUCION DE DECANA URA DE LA FACULTAD DE INGENIERIA N° 61 0-2024-
UNAMAD-DF

Puento Maigonads, 13 de diciembre de 2024

VISTO;

£ Dxpediente N° 4386 de facha 13 de diciembre de 2024 Informe N° CAS-2044-0PV, de fecha 15 de dimemire Sp 20z24;
Estatuic v Reglaments Ganera! de Grados y Titulos V 30 ¢ fa Uriversidad Nacionsi Amazanica de Madre de Dios, y;

CONSIDERANDO:

Que, mediante Loy NO 27207 i fecha 05 de wiio g8 2000, se crea ia Universidad Nagiong Amazénica de Madre «
o8 aunonzandose sy funcwnamients definitive. mediante Rasclucion N° E25-2003-CONAFU, de techz 77 o
noviemtve det ade 2009

Qe mediante Resolucicn ne Denser Drectivo N 132-2019-SUNEDUICD. e fecha 10 de cclubre e 2048, a
Lintvarsigad Nacionat Amazonica de Mawre de Dos. otliene su Licencizmento Institucional, par un perodo de 09 afos

Cue el Reglaments de General de Grados y Tihulos de le UNAMAD versién 3.0, aprobade por Resalicion de Conseio
Lowersitano NT 288.2022-UNAMADLCU, de 31 de maye de 2022, regula el procediniento de conferc qradas
academucos y ttulss profesionaies,

Que, o Articide 8° de 'a Ley N° 30220 -~ Ley Universitara sefiaia que "El Estado reconcee 1a autonemia uriversitarnia
La autontmia inberente o as universidadhss se ejerce de conformidag con lo establecido en la Constitunion. in prasants
Ley y demas nommas splicatde. Esta AULONCMIE s& manifiesta en log siguisntes regimenes: nermativo. de gobiemy,
academico, administrative Y econdmico.

Gus, ol Reglamenic General de Gradus y THulos de la UNAMAD agrobado por Resoiucidn de Consejo Universitario N°
~88-2022-UNAMAL-CU de fecha 31 de maye del 2022, teguia ¢ procedimienta de confenr gradus academicns y tiulos
profecionaics, v en sy Articuio 95° esiablece fa sustentacion de fa tesis no podra exceder las cuarenta (60) mnutes Ena
Sa8C ge rar dos loy postulantas, e Hempo de sustentacion no excedeora de sesenta (G0 minutos v se sortears cual de
tos pachiltnres inicig ta sustentasion

Que. o Articuto 96° del WSO ragiamento, estabiece i Juradn Revisor de ia susientacion de tesis o8 &l mismo que
TEVISG fl provecty te tesie ¥ eslars integrado por un presigents (e docenta de MAYO! HeAsion), un vooa y un secretano
{ei Ge menor prelacion) Los miembios det durado Revisor deberan estar Presentes a fa hors fiada de 1a sustentacion,
vestidos con traje farmat gue of caso reqiaiere

Wug, medianta Fesolucion de Dacangtue N° 548-2023-UNAMAD-DF1, de fecha 06 de dicierndre do 2023 se
CONFORMA. fa Comision Revisors Ad Hog dal Froyecto de Tesis titulade "REGENERACION NATURAL DEL
CTORNILO” Cedrelinga cateniformis {(Bucke) Ducke, EN EL BOSQUE 0E TIERRA FIRME DEL FUNDOD EL
BUSQUE ~ UNAMAD, LAS PIEDRAS ~ MADRE DE DIOS ", presentaro per ia bachiller Srta. Maria Cristhing Noriega
Mamani de la Carrora Profesioaal de ingenieria Forestal y Medio Ambients e tg Universidod Nacional Amazénica de
Madre de Dios. la misma que estard integrada por los docentes: Dr. Joel Peda Valdeiglesias-Presidente, M.Sc. Jorge
Santizgo Carate Quispe-Secretario, M.8¢. Mauro Veia Oa Fonsoca-Vocal, M.Se vimmy Jeanine WinG Aguro-
Accasitario.

Qué, meduinte Resolucién de Decanaturs ds ta Faculiag < Ingentieria N® 178-2024-UNAMATLOF 1, du fecha 20 ds mayo
Um 2024, se APRUEBA o Proyscto e Tesis tiwlads "REGENERACION NATURAL DEL “TORNILLO" Cedrelinga
cateniformis (Ducke) Ducke, EN EL BOSQUE DE YIERRA FIRME BDEL FUNDO EL BOSQUE - UNAMAD, LAS
PIEDRAR - MADRE nE DIOS”, presentado por o bachiier Srta. Maria Cristhina Noriega Mamani da la Carrers
Profesional de Ingeniaria Forestal y Media Ambiente da la Universigas MNactonal Amazbrica de Madre co Dics.

Ldue. mediante Resolucian de Decaratirs de iz Facultad de ingemeria N® 580-2024-UNANAD-OFt da fecha 2 ge
diciembre de 2024 se CONFORMA. &f Jurado Evaluador para 13 emision del dictarmen del informa Fings de Tesis
Ingtiaco “Regensracion natural def “Tarnillo” Codrelinga catoniformis (Ducke) Ducke, en ef bosgue de tierrs
firme del Fundo ef Bosque ~ UNAMAD, Las Piedras - Madre de Dlos”, presentado sor ja bactuller Srta. Marie
Cristhing Meriega Mamani do la Camera Profesionsl de Ingenieria Forestal y Medic Ambiante de Ja Universidad
Nacionai Amazonica de Madre de Diog, B misma que estard integrada por ios siguenias docentes: Ot Joel Pena
Yaldeiglesias-Presidente, 14 Sc dorge Santiagoe Garate Quispa-Sacretario, M. % Maure Vola Da Fansecs-Vocal,
M S dinmy Jeanne Miro Agurio-Accesitarie,

Que. medants Resciucen ge Decanatura de lo Fagultad de Ingerieria NO 580.2024-UNAMAL-DFL de facha 0% e
Ginermbrs de 2024, se MODIFICA, st articuio primere de las Resoluciones de Decanatura def Proyesto de Tesis irtitulageo

) 'UNAM)ﬂ): "-'Ast-rque Ciﬂﬂ“’i{”‘(‘:’g .Z.ivcn»s'tén‘{&ie'a.'.}x-'r.;«5r;v‘t.:;t_.tﬂg‘a“cul.(;.;‘é‘;h—ﬁ:);'icién
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UNIVERSIDAD NACIONAL AMAZONICA DE MADRE DE DIOS
Decanatura de la Facultad de Ingenieria

Donschidanién ge Nuestia ing

AR del Renigranc, de SMRIIRCOO (5 148

gt de g bindiver

RESOLUCION DE DECANATURA DE LA FACULTAD DE INGENIERIA N° 610:2024.
UNAMAD-DF ‘

Puento Malaonads, 13 de gasrave 42 2024

¢

Hin” Cegretinga carenifornils (Ducke) Gucke, an ef bosgue de tierra firme del

“Regeneracién natural del "iom
Fundo sl Bosque - UNAMAD, Las Piedras ~ Madre d2 Oies”, presermade w Bacraiter 8rta, Maria Cristhing
wmamani Noriega de ia Carrerz Profesonai de pgenierda Foresta! v Medin Ambiente

de fa Lniversidag Nacionat

apzonics de Madre de Dios

aa 13 de diciemtae ¢

ad del informe Tinal o

; it de e eria. g aprehadn po ¢
“Yornisin” Cedrelinga catoniformis (Ducke] Ducke, 20 ol bosgus de Yarra firme del Fundo of Bosgue ~ UNAMAL,
iatras — Madre de Dics”, presentade por s Bachiier Srta. Maria Cristhina tMamani Noriega, de la Canera

smeria Forestal y Megd i srmia la facha,

LA ad de iage
v fnal de tesis y estabigcer fcha, v : acto acaée’micn de sustentacion de Tesis
de tesis ntuade “Regeneracion natural del “Tomilie” Cedrefinga cateniformis {Buckei Ducke, en & aosgue de
Hierra firme dol Fundo at Bosgue ~ UNAMAD, Las Piedras - Madre de Dios” or L4 Pactulier Srta. Maria
Grinthina Mamani Nortega, de la Cary Profesanal o wneria Forostal y Madio An

s ot Decang, portaley

Mazongt Amazomes de Madme e ¥ er usn 6e Jag ambuoion
LUnversitang N D10 3-UINAN (5, e tes de d

[ RESUELVE:

ARTICULD PRIMERO: APROBAR o infogne Final ge Tess doiase “Regensracion astural det “Torasdis”
Cedretinge catenifarmis (Ducke) Ducks, en el bosgue de terra firme el Fundo sl Bosgus - UNAMAD, Las

Pledraes ~ Madre de Bios”, o ade o0 la Bachien Sria Mata Cristhing Maman: Norega, d Carea
Protesios nseniena Forestal v Mado Ambeme de fa Univarsidad Nagonad Amarirnes ge Madrs oe 0ies

ARTICULO SEGUNDIO: CONVOCAR, 8 s nue Rayisar para ¢ Acto Acadamico de Susteniacion
de i Tesis Yulado “Regenaracién natural det “Tomilie” Cedreinga cateniformis (Ducke) Ducke, en ol busgue
do tinrra Hirme del Fundo o Bozgie ~ UNAMAD, Lag Pledras - Madre de Ding”, presentado por la Bachuiier Srta.
#aria Cristhing Mamant Norega. de ! F : i

RGie Arenie srisgral!
it

OB C@t Juf

1

oy
e

« Or Presidante
. 42 Secretarie
s W30 Yooal

4 Se Ancssitario

ARTICULD TERCERG: ESTABLECER, moha, hosa v lugat para el Acto Academive de Sustemiacion de Tesis,
2 innads en e articulo pramers de 1a pane ressiuliva. pars el dia jueves 12 de diciembre dai 20248 alas 17:00 huras,
sla ds gracos de la Fasullad de b

L0 CUARTO: NOTIFICAR, fa uresen
a i AN de tess «

resohnt a0 Asesor dal

@ innvavacion

UN A“»'&-J\.l‘t‘ “Par rz'n.: 0 O




