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BIODIVERSITY CONCEPTS

* First mention of the ‘biological diversity' concept is
attributed to Gerbilskii and Petrunkenvitch (1955),
who referred it in the context of intraspecific in
behaviour and life history

« Biodiversity contraction was apparently first proposed
by Walter Rosen in 1985.

« UNEP defines biological diversity as the variability
among living organisms from all sources including,
terrestrial, marine and other aqgquatic systems, and the
ecological complexes of which they are part; this
Includes diversity within species, between species

and of ecosystems

. Santo Domingo, Republica Dominicana
30 de junio de 2015
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BIODIVERSITY CONCEPTS

* As proposed by Magurran (2004), biodiversity
IS “the variety and abundance of speciesin a
defined unit of study”

« SO, for biodiversity measurement, richness
(the variety) is important, but relative
abundance is also a necessary component

Santo Domingo, Republica Dominicana
30 de junio de 2015
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WHAT ARE WE FOCUSED ON AT UASD/IGU?

* Focal group: woody plants, Cactaceae and
palms in dry, semideciduous and rainforests

 Measurement of biodiversity, considering
both components, relative abundance and
richness

« Application of statistics and spatial statistics
to biodiversity and its relation to geology and
geomorphology

Santo Domingo, Republica Dominicana
30 de junio de 2015
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About R
What is R?
Contributors
Screenshots
What's new?

Download, Packages

CRAN

R Project
Foundation
Members & Donors
Mailing Lists
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Developer Page
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Search

Documentation
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http://www.r-project.org/
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Getting Started:

+ R is a free software environment for statistical computing and graphics. It compiles and runs on a wide variety of UNIX platforms, Windows and MacOS. To download R, please
choose your preferred CRAN mirror.
« If you have questions about R like how to download and install the software, or what the license terms are, please read our answers to frequentlv asked questions before you send an

email.

News :

» R version 3.1.0 (Spring Dance) has been released on 2014-04-10.
» R version 3.0.3 (Warm Puppy) has been released on 2014-03-06.

» The R Journal Vol.5/2 is available.
» useR! 2013, took place at the University of Castilla-La Mancha, Albacete, Spain, July 10-12 2013.




Vegan: ecological diversity
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Package ‘vegan’
September 25, 2013
Title Community Ecology Package
Version 2.0-9
Date September 25, 2013

\uthor Jan Oksanen, F. Guillaume Blanchet, Roeland Kindi, Pierre Legen-
dre.Peter R. Minchin, R. B. O"Hara, Gavin L. Simpson. Peter Soly-
mos, M. Henry H. Stevens, Helene Wagner

Maintainer Jan Oksanen <jari.oksanen@oulu. fi>
Depends permute, lattice, R (>= 2.14.0)
Suggests MASS, mgev, cluster, scatterplotid, rgl, whk

Description Ordination methods, diversity analysis and other
functions for community and vegetation ecologists

License GPL-2

URL http: //cran.r-project.org, http://vegan.r-forge.r-project.org
NeedsCompilation ves

Repository CRAN

Date/Publication 201 3-00.25 09:56:27

R topics documented:

vegan-package
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adipart 7
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Package ‘BiodiversityR’
January 20, 2014
Type Package
Title GUI for biodiversity, suitability and community ecology analysis
Version 2.4-1
Date 2014-01-16
\uthor Roeland Kindt
Maintainer Roeland Kindt <R.KINDT@CGLAR.ORG>

Description This package provides a GUI (Graphical User Interface, via the R-
Commander) and some utility functions (often based on the vegan package) for statistical analy-
sis of biodiversity and ecological commumties, including species accumulation curves, diver-
sity indices. Renyi profiles, GLMs for analysis of species abundance and presence-absence, dis-
tance matrices, Mantel tests. and cluster. constrained and unconstrained ordination analy-
sis. A book on biodiversity and community ecology analysis i1s available for free down-
load from the website. In 2012, methods for (ensemble) suitability modelling and map-
ping were expanded i the package

License GPL-2

URIL. http fwww . r=project.org

Bt
LR

1 ]
L

fwww . worldagroforestry.org/resources/databases/tree-diversity-analysis
Depends R (>= 3.0.0), wehik
Imports Remdr (>= 1.9-4)

Suggests vegan (>= 1.17-12). permute, lattice, MASS, mgev, cluster.car. RODBC. rpan. effects, mult-
comp, ellipse, maptree, sp.splancs, spatial, akima, nnet, dismo, raster (>= 2.0-

31).rgdal. gbm, randomForest, gam, earth, mda, kernlab, ¢ 1071 tools
NeedsCompilation no
Repository CRAN

Date/Publication 2014-01-20 09:36:08




#ANALISIS DE DIVERSIDAD PARA LA COMUNICACION "Bosques en régimen tropical y con contraste estacional de la cuenca del ri

#CARGA DE PAQUETES
Tibrary(grDevices)
Tibrary(moments)
Tibrary(RODBC)
Tibrary(reshape)
Tibrary(vegan)
Tibrary(BiodiversityR)

#LECTURA DESDE LA BASE DE DATOS

canal<-odbcConnectAccess("D: /proyecto_FONDOCyT/flora_vegetacion/0Ocoa/consolidado_flora.mdb™)
d<-sqlQuery(canal,paste("select *from c_tabla_abundancia_para_R"))
d.env<-sqlQuery(canal,paste ("select *from t_env"))

odbcCloseAlT1()

str(d)

#CANTIDAD DE ESPECIES SEGUN FAMILIA

canal<-odbcConnectAccess("D: /proyecto_FONDOCYT/flora_vegetacion/0Ocoa/consolidado_flora.mdb™)
famesp<-sqlQuery(canal,paste("select *from c_fami_esp_2"))
h;gt(?amesq%g§nt_esp,co1=200,x1ab='cant1dad de especies',ylab="cantidad de familias',main='Cantidad de familias segun nd
odbcCloseA

#EXCLUYENDO MUESTREOS CUYA VEGETACION (BOSQUES NUBLADOS Y PINAR) NO CORRESPONDE AL OBJETO DE ESTUDIO DEL ARTIcuLo (BOSQU
d<-subset(d, !(sitio %in% c('VNv_1l', 'MNv_1')))
d.env<-subset(d.env, !(sitio %in% c('VNv_1l", 'MNv_1')))

#CANTIDAD DE ESPECIES SEGUN GENERO
d$especie<-factor(d$especie)

d$genero<-sub (" .*", "", d$especie)
unique(desp$genero)

desp<-d[,c(3,13)]

str(desp)

desp<-unique(desp)

str(desp)

Tength(unique (desp$genero))
sort(tapply(desp$especie,desp$genero,length))
table((tapply(desp$especie,desp$genero,length)))
hist(tapply(desp$especie,desp$genero, length),co1=200,x1ab="cantidad de especies’,ylab="cantidad de géneros',main="Cantig

#CONVERSION DE LA TABLA DE ABUNDANCIAS A UNA MATRIZ DE COMUNIDAD DE R
d<-cast(d,sitio~especie, fun.aggregate=length,value="Id")

str(d)

rownames (d)<-d$sitio

head(d) [1:4]

d<-d[,2:192]

str(d)




Diagrama de burbujas del transecto COV _1
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W Symplocos domingensis Urb.

@ Badierafuertesii Urb.

@ Eupatorium gabbii Urb.

W Myrciadeflexa (Poir.) DC.

@ Persea krugii Mez

< Myrsine coriacea (Sw.) R.Br.

@ Alsophila minor (D.C. Eaton) Tryon

@ Psychotria berteroana DC.

W Cecropiaschreberiana Mig. & Mart.
@ Calyptranthes selleanus Urb. & Ekm.

@ Gomidesia lindeniana 0. Berg

@ Renealmia jamaicensis (Gaertn.) Horan.

w Rondeletia conferta Urb. & Ekman
“ Magnolia hamorii Howard
@ Prestoea montana (Graham) Nicholson

@ Weinmannia pinnata L.

@ Scheffleratremula (Krug & Urb.) Alain

@ Cestrum coelophlebium O.ESchulz

@ Lasianthus bahorucanus Zanoni

@ Ocoteafoeniculacea Mez

w Collecteriaseminervis [ Urb.& Ekm.) D.W. Taylor
@ Ocotea patens (Sw.) Alain

@ Brunellia comocladifolia Bonpl.
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Formula

Indice
fndice de Shannon H ==Y piln(p;)
S
indice de Gini-Simpson R=GS=1- Piz
i=1
n

Indice de Fisher-alpha

f

Indice de equidad de Pielou (J-evenness)

J' =

max

p: = abundancia relativa de la especie i, calculada a partir de:

ny/N, donde n; es la abundancia de la especie i, y N es la abundancia total

S = riqueza o numero de especies

ol = parametro de diversidad

x = parametro dependientede Ny o = N/(N - 0

H’ = indice de Shannon

H’,a = valor maximo del indice de Shannon = /n(S)
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gist.github.com il

Ik Bookmarks [ Biogeografia, flora [ Estadistica regresior [ GEO202 W Huracanes, meteorc [l LaIsabela [l Teledetecciony SIG [ Varios [ Bases de datos »
Uev.Tiew( ) #FOENEKA UNA VENTANA UORKAFLUA LNUEFENULIENTE. ESTA SENTENUCIA SE RKEFLIITE MULHU A LU LARLU UEL SUKIFT, Y EN LU AUELANTE AFAF

barplot(sort(rowSums(d),decreasing=T),las=3,ylim=c(0,100),ylab="'abundancia (numero de individuos)',6 main='Abundancia por transect

##INDICES DE BIODIVERSIDAD USANDO vegan PASO A PASO

diversity(d) #CALCULA EL INDICE DE SHANNON

diversity(d, 'simpson') #CALCULA LA EQUIDAD DE SIMPSON (1-D), DENOMINADO TAMBIEN "GINI-SIMPSON"

diversity(dfv) #CALCULA EL INDICE DE SHANNON PARA LA MATRIZ DE COMUNIDAD POR FORMACION VEGETAL

diversity(dfv, 'simpson') #CALCULA LA EQUIDAD DE SIMPSON (1-D), DENOMINADO TAMBIEN "GINI-SIMPSON" PARA LA MATRIZ DE COMUNIDAD POF
diversity(drb) #CALCULA EL INDICE DE SHANNON PARA LA MATRIZ DE COMUNIDAD POR REGIMEN BIOCLIMATICO

diversity(drb, 'simpson') #CALCULA LA EQUIDAD DE SIMPSON (1-D), DENOMINADO TAMBIEN "GINI-SIMPSON" PARA LA MATRIZ DE COMUNIDAD POFf

##INDICES CALCULADOS MASIVAMENTE Y ANEXADOS A MATRIZ AMBIENTAL

indicesmasivo <- chind(parcela=rownames(d),as.data.frame(sapply(c("Shannon","Simpson", "inverseSimpson", "Logalpha", "Berger", "Jeve
colnames(indicesmasivo)[2:ncol(indicesmasivo)]<-c('Shannon', 'Gini_Simpson', 'inverso_de_Simpson', 'Fisheralpha_Logalpha', 'Berger_F
indicesmasivo

d.env <- merge(d.env,indicesmasivo) #ANEXA LOS INDICES GENERADOS A LA MATRIZ AMBIENTAL

##LOGARITMOS, TAMBIEN ANEXADOS

logindicesmasivo <- cbind(parcela=rownames(d),as.data.frame(sapply(c("Shannon", "Simpson", "inverseSimpson", "Logalpha", "Berger",6 ".
colnames(logindicesmasivo)[2:ncol(logindicesmasivo)]<-paste('log',c('Shannon', 'Gini_Simpson', 'inverso_de_Simpson', 'Fisheralpha_l
logindicesmasivo

d.env <- merge(d.env,logindicesmasivo) #ANEXA LOS INDICES GENERADOS A LA MATRIZ AMBIENTAL

d.env

##ESTIMADOR DE RIQUEZA CHAO1
estimadorchaol <- data.frame(parcela=rownames(d),chaol=sapply(rownames(d), function(x) chaol(d[x,]))) #GENERA UNA TABLA CON EL E¢
d.env <- merge(d.env,estimadorchaol) #ANEXA LOS VALORES GENERADOS A LA MATRIZ AMBIENTAL

##DIVERSIDAD DE RENYI
renyi(d) #VALORES DE DIVERSIDAD DE LA MATRIZ DE COMUNIDAD POR TRANSECTO PARA CADA NUMERO DE HILL

Source code:



cantidad de transectos segun litologia

aluvial calizas margas/fangos/otras



cantidad de transectos segun relieve

12

10

resto de superficie/aplanamiento parcial ribera/terraza vertiente



Tabla 6. Tabla de rango-abundancia, mostrando los primeros 12 registros

especie rango N abundancia | abund. relativa
- relativa (%) | acumulada (%)
Coccoloba diversifolia Jacq. 1 121 54 5
Randia aculeata L. 2 106 4.7 10
Coccothrinax argentea (Lodd. ex Schult. 3 100 14
& Schult. f.) Sarg. ex K. Schum. ' 15
Bursera simaruba (L.) Sarg. 4 86 3.8 18
Eugenia foetida Pers. 5 85 3.8 22
Acacia skleroxyla Tussac 6 78 3.5 26
Savia sessiliflora (Sw.) Willd. 7 78 3.5 29
Chrysophyllum oliviforme L. 8 68 3 32
Leucaena leucocephala (Lam.) de Wit 9 54 24 35
Coccoloba buchii O.C. Schmidt 10 53 24 37
Nectandra coriacea (Sw.) Griseb. 11 52 2.3 39
Swietenia mahagoni (L.) Jacq. 12 50 2.2 41
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Tabla 11. Resultados de la aplicacion de 8 pruebas de Chi cuadrado para evaluar independencia entre los
niveles de biodiversidad y la litologia/geomorfologia
biodiversidad | niveles de biodiversidad (alta o baja') en base a media del indice de...

...5hannon ... Gini-Simpson | ...Fisher-alpha ... Pielou

X2=6.49, P=0.05 | X?=9.52, P=0.01 | X?=4.27, P=0.15 | X?=8.64, P=0.01
geomorfologia | X?=1.74, P=0.47 | X>=6.09, P=0.04 | X*=3.06, P=0.22 | X?=7.67, P=0.03
! Por indices, se clasifico a cada muestreo como de “biodiversidad baja” o “biodiversidad alta”,

en funcion de si el valor era menor o mayor a la media, respectivamente.




Tabla 12. Valores de P de las pruebas ANOVA y Kruskal-Wallis para indices de diversidad alpha, en funcion
de grupos litologicos y geomorfologicos (tratamientos)

indices
Shannon Gini-Simpson Fisher-alpha Pielou
factores fisicos
F_6'1_ KW X2 =6.83 F_11'1_4 KW X2=7.17
Litologia num df =2 df=2 num df =2 df=2
= denom df = 8.49 P=0.03 denom df=12.41 P=0.03
P=10.02 ) P <0.01 )
F=27 F=2283 F=3.40 F=3.00
Geomorfologia num df =2 num df =2 num df =2 num df =2
= denom df=8.52 | denomdf=7.17 | denom df = 8.39 denom df = 7.39
P=0.12 P=0.12 P=0.08 P=0.11

Hy: las medias o medianas de los indices son iguales para cada tratamiento de los factores
fisicos
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Tabla 15. Prueba de homogeneidad de Chi cuadrado aplicada a riquezas de bosques sobre litologias v
relieves, rarificadas al tipo de menor abundancia

riquezas . e riqueza rarificada al de
o riqueza original \ »

Srupos menor abundancia
grupos litologicos - -
margas/fangos 125 83

aluvial 105 83

calizas 66 66

prueba X2 - X2=249.df=2,P=0.29
grupos geomorfologicos - -

vertientes 144 95
riberas/terrazas 100 92
superficies/cimas 73 73

mueba X2

X?2=329,df=2,P=0.19
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Tabla 16. Analisis de correlacion con prueba de asociacion entre indices de diversidad alpha v variables
espaciales (coordenadas, altura y pendiente). Ver comentarios en el texto

para Gini-Simpson)

indices Shannon Gini- o ) , \

variables espaciales (norm) Simpson! Fisher-Alpha | Plelou norm)
e GNEr o =-0.34 tho=-0.31 1=-0.40 =-0.15
X (prueba SW, n.s.) 1.S. 1.S. P=0.05 1.8.
v (prueba SW, 1.s.) =0.09 rtho=0.16 =0.12 =0.18
. 1.8. 1.8. 1.8. 1.8.
altura en metros 1=0.42 rho=0.39 1=0.30 =0.24
(prueba SW, n.s.) P<0.05 1.5S. 1.5. 1.5.
e ooy | 108 mosod0| r—ner| e

o A P=0.05 P=0.05 P=0.01 P=0.06

! Prueba de asociacion con el método de Spearman, porque los datos transformados con el
metodo Box-Cox no superaron la prueba de normalidad de Shapiro-Wilk. En los demas casos
se uso la prueba de asociacion con el metodo de Pearson




indice de Shannon normalizado

indice Fisher-Alpha

Altura e indice de Shannon normalizado

14

g8 10 12

B8

I I I I I I
400 200 600 f00 800 900

altura en metros

Altura e indice Fisher-Alpha

30

10

altura en metros

indice de Simpson

indice Pielou normalizado

0.85 0.95

0.75

-0.10 -0.08 -0.06

-0.12

Altura e indice de Simpson

o o]

400

I I I I I
200 600 700 800 900

altura en metros

Altura e indice Pielou normalizado

I I I I I
200 600 700 800 900

altura en metros




indice de Shannon normalizado

indice Fisher-Alpha
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0.75

-0.10 -0.08 -0.06
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GSC on Biodiversity. MAGIC
CONCLUSSIONS

 In semideciduous forests, biodiversity
measured by alpha-indices varies
mainly because of relative abundance
changes

* Richness appears to be relatively
homogeneous across different rocks
substrates and landforms

SantoBomingo, Republica Dominicana
30 de junio de 2015




GSC on Biodiversity. MAGIC
CONCLUSSIONS

 Maximum biodiversity occurs in forests
on marlstones and alluvial deposifs

 Minimum biodiversity takes place in

forests on limestones

Santo Domingo, Republica Dominicana
30 de junio de 2015







GSC on Biodiversity. MAGIC
GEOSTATISTIC

o |t is staftistics applied to the study of spatio-
temporal data

* |t gets support from statistical models based
on random functions theory which models
uncertainty related to spaftial distribution

Santo Domingo, Republica Dominicana
30 de junio de 2015
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Fig. 1.9: Steps of variogram modeling: (a) sampling locations (155) and measured values of the target variable, (b)
variogram cloud showing semivariances for all pairs (log-transformed variable), (c) semivariances aggregated to lags of
about 100 m, and (d) the final variogram model fitted using the default settings in gstat. See further p.130.

Tomado de: Hengl (2009)
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Modelo esférico
Modelo exponencial

Tomado de: Alperin, M. I., Borges, V. G., & Saranddn, R. (2015)
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Sample variograms of richness by transect
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Sample variograms of abundance by transect
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2

LCCA_02, LIv_1,
LMVE_02, PVRO_04

PVRO_01, LLTR_01

Spatial:

* Null or small nugget effect

* Gradual increase of semivariance in fitted variograms for
both, richness and abundance, which means spatial
autocorrelation for these variables

Non-spatial:

Highest mean Fisher—alpha diversity parameter, and many

singletons reported at quadrat level.

Dominant species are not characteristics of secondary

vegetation. Forests are at least 30 years old

Two transects were protected by fences.

No livestock evidence found

Three transects were located over river banks/terraces

Spatial:

 Gradual increase of semivariance only for richness
variograms, and for abundance, results were singular fits

* This means high spatial autocorrelation only for richness,
but not for abundance

Non-spatial:

Lowest mean Fisher—alpha diversity

Dominant species were those characteristics of secondary

vegetation

One transect was 12 years old

Fences were absent and livestock evidence was reported




ELVE_01, EPCA_02,
LLCv_2, LMVE_01

CROB_01, CROB_02,
ECMD_01, ECMD_02,
ECMI_01, ELCA_02,

4  EPCA_01, EPVE_01,
LCCA_01, LCCA_03,
LCHv_1, LLCv_1,
PVRO_03

Spatial:

* Convergent variograms with relatively high nugget
effect and without gradual semivariance increase.
This means low spatial autocorrelation and high
infracell variability

Non-spatial:

 Moderate mean Fisher—alpha diversity

 Fences were absent

» Livestock evidence was reported

* Located over marlstone and in slopes

Spatial:

e Singular fit in variograms for both, richness and
abundance, which results in no spatial
autocorrelation

Non-spatial:

* Moderate mean Fisher—alpha diversity

 Fences were absent

» Livestock evidence was reported

* Frequently found on slopes and  river
banks/terraces
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Curvas de densidad de la riqueza para dos transectos parecidos, segun la estadistica univariante
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Curvas de densidad de la abundancia para dos transectos parecidos, segun la estadistica univariante
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GSC on Biodiversity. MAGIC
CONCLUSSIONS

« At quadrat level, geostatistical analysis
discovered patterns hidden to
univariate statistics, and reinforced the
role of Fisher-alpha parameter as a
sensitive measure of diversity

Santo Domingo, Republica Dominicana
30 de junio de 2015
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CONCLUSSIONS

 Mature forests without livestock, and
located over river banks/terraces, exhibit:

 High spatial autocorrelation of richness and abundance

« Harbor great diversity measured by Fisher—alpha
parameter at transect level

« Show prevalence of singletons at quadrat level.

« These communities seems to be local
“biodiversity hotspois”, but unfortunately they
are not included in any conservation unit at

present fime.

Santo Domingo, Republica Dominicana
30 de junio de 2015




