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AUTOCORRELACAO ESPACIAL

Primeiras aplicagcbes em
Genética e Ecologia de
Populacoes

Robert Sokal

Sokal, R. R. & Oden, N. L. 1978. Spatial
autocorrelation in biology:

1. methodology

2. Some biological implications and four applications
of evolutionary and ecological interest

Biological Journal of Linnean Society 10: 199-249.
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2. Some biological implications and four
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PERSPECTIVES

RETROSPECTIVE

Robert R. Sokal (1926-2012)

Douglas J. Futuyma

obert R. Sokal, Distinguished Pro-
Rfessnr Emeritus of Ecology and

Evolution at Stony Brook Univer-
sity, passed away on 9 April 2012 in Stony
Brook, New York. He was 86 years old. He
was renowned for his contributions to quan-
titative analysis in biology, especially in
ecology, evolutionary biology, and system-
atics. As a cofounder of “numerical taxon-
omy,” he devised methods for classifying
organisms (later applied much more widely)
that foreshadowed the development of phy-
logenetic analysis. He honed a wide variety
of statistical tools, especially for analyzing
spatially distributed data, and contributed
abundantly to analyzing patterns of human
genetic variation. His textbook Biomeiry,
coauthored with E J. Rohlf, profoundly
influenced training and data analysis in ecol-

v and evolutionary biology.

influenced its development. His career at
Stony Brook saw him in the roles of profes-
sor, department chair, and graduate program
director. He supervised 25 Ph.D. students at
Kansas and Stony Brook
After retiring in 1995, he
remained an active Distin-
guished Professor Emeri-
tus in the Department of
Ecology and Evolution,
continued his research,
and stayed involved in the
affairs of the university and
the 1I.S. National Academy
of Science. Robert attended
departmental colloquia
until the last year of his life.
Robert Sokal’s scien-
tific publications include
13 books (6 translated into other lan =

18 MAY 2012 VOL 336 SCIENCE wwwsciencemag.org
Published by AAAS

An ecologist and evolutionary biologist
brought a quantitative approach to
classification through statistics and
morphometric analysis.

the genetic affinities of varous populations,
to infer that eardy agriculture had spread by
human migration rather than cultural diffu-
sion, and to show that zones of sharp genetic
differentiation correspond to
linguistic boundaries.

Robert Sokal served as the
president of the Society for
the Study of Evolution, the
American Society of Natural-
ists, the Classification Soci-
ety, and the International Fed-
eration of Classification Soci-
eties. He was an associate edi-
tor of Evelution and editor of
The American Naturalist. His
honors include both Fulbright
and Guggenheim awards and
the Chares R. Darwin Award

for Lifetime Achievement of the American

ag.org on May 18, 2012
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SPATIAL AUTOCORRELATION: TROUBLE OR NEW PARADIGM?!
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Analise exploratoria
(EDA)
Modelagem e
Inferéncia

Analise de dados
espaciais




AUTOCORRELACAO
ESPACIAL

|

“E uma propriedade de variaveis aleatdrias que assumem valores, em pares de
localidades situadas a uma dada distancia espacial, que seriam mais similares
(autocorrelacao positiva) ou dissimilares (autocorrelacao negativa) do que o
esperado por uma associacdo aleatério desses pares de observagoes”
(Legendre & Legendre (1998)

Técnica geral para analise
exploratdria de dados
espaciais




Basicamente, a autocorrelacdo mede a correlacédo da
variavel com ela mesma, mas considerando diferentes
distancias entre as observacaoes...

Série temporal:

TUEE -
r=1.0
TUEE -
lag=]1 g on m m B W W W W W
R -
lag=2 ——m—.—.—... ...
TR
)
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AUTOCORRELACAO
ESPACIAL
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—_— Conectividade
(rede)

Matriz W

(Estrutura espacial)
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- | de Moran

- Getis-Ord

Quadratic

assignments

- ¢ de Geary

- Semi-variancia



O Indice | de Moran de Autocorrelacao Espacial (1950)

- Calculo basico:




Variavel resposta (Y;) e valores centrados (Z;)

Local \4 Zi (Y; - média) Zi ‘
1.00 2.07 0.00250 0.00001
2.00 2.02 -0.04750 0.00226
3.00 2.20 0.13250 0.01756
4.00 2.07 0.00250 0.00001
5.00 1.97 -0.09750 0.00951
6.00 2.20 0.13250 0.01756
7.00 2.04 -0.02750 0.00076
8.00 1.97 -0.09750 0.00951

Média = 2.0675 > z7 =0.057150
=1
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L] Wy Z,Z, W;iZiZ;
BREE 1 2 »1 /(0.0025)(-Q.0475)| -0.00011875
s o 1| 30 )(0.1325) 0
s _ 1T 40 |(0.0025)(0.0025) 0
e oo I —1 | 5 | 0 |(0.0025)(-0.0975) 0
1] 6T 1 (0.0025)(0.1325)| 0.00033125
] 1 | 7 | 0 |(0.0025)(-0.0275) 0
1 | 8 | 0 (0.0025)(-0.0975) 0
o 2 | 1 | 1 [(-0.0475)(0.0025)| -0.00011875
o155 2 | 3| 1 [(-0.0475)(0.1325)| -0.00629375
6 | 0 |(-0.0975)(0.1325) 0
8 | 7 | 1 |(-0.0975)(-0.0275) 0.00268125

> w7z, =—0.0147125
J

'

Soma dos produtos cruzados ponderados




wW.z.Z. =—0.0147125

SR

>z} =0.057150
1=1

N = numero de unidades espaciais
W = soma dos pesos na matriz de adjacéncia=2x 7 = 14

Portanto,

- 8(-0.0147125)

- 14(0.057150)



Variacdo do | de Moran — valores maximos e minimos

-1.0<lde Moran< 1.0

AN

Autocorrelacéao
negativa

Valores maximos funcéao dos autovalores de W

(ver Lichstein et al. 2002)

1 (@)] = (n/W){Z{Zwu(y,- - 7)} I (- y)z}

Autocorrelacao

positiva

\~

luay = 0.513



(i = 1) = (-0.0475*1 + ... 0.1325*1) 2 = 0.007225
I(i = 2)= z/v * (0.0025*1 + 0.1325*1 ) 2 =0.018225

I(i = 8) = z/v * (-0.0275*1) /2 = 0.000756
Siyj(wijzj) 2  =0.04612

Zi
0.0025

-0.0475
0.1325
0.0025
-0.0975
0.1325
-0.0275
-0.0975
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Variacao do | de Moran — valores maximos e minimos

1y o [ CO1D
(0.057150)

1/1,,,, =-0.14711/0.5133 =




Teste da significanciado Indice | de Moran

Valor esperado sob a hipotese
nula (auséncia de autocorrelacao
espacial)

E()=-1/(n-1) =-0,14286

O valor de E(l) tende a zero a 0O 200 400 600 800 1000 1200
medida que o n aumenta...

E(l)




Teste da significancia do Indice | de Moran

A significancia estatistica da diferenca entre | e E(I) pode ser obtida de
2 formas:

1) Z=1-E(l)/erro (l)

Aproximacao pela distribuicdo normal Z : se | Z | > 1.96, entéao | de
Moran é significativo a P < 0.05

Para detalhes das formulas da variancia do | de Moran ver Sokal & Oden
(1978) e Legendre & Legendre (1998)




LISA (Local Indicator of Spatial Autocorrelation)

-1 de Moran local

-l. mede a influéncia dos pontos adjacentes sobre o local i;
-"Atratores” e repulsores’;

- O llocal é informativo se nado houver forte autocorrelacao global



Biological joumal of the Linnean Sociely (1998), 65: 41-62. With 6 figures
Article ID: bj980238

Local spatial autocorrelation in biological
variables

ROBERT R. SOKAL FMLS*

Department of Ecology & Evolution, State University of New York, Stony Brook,
NY 11794-5245, U.SA.

NEAL L. ODEN

The EMMES Corporation, 11325 Seven Locks Road, Suite 214, Potomac, MD 20854,
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BARBARA A, THOMSON

Department of Eecology & Evolution, State University of New York, Stony Brook,
NY 11794-5245, U.SA.
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(1) = z/v * (-0.0475*1 + ... 0.1325*1 = 0.030)
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Analysis of DNA Diversity by Spatial Autocorrelation
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000000011 000000001 000111111
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Spatial autocorrelation analysis of individual
multiallele and multilocus genetic structure

PETER E. SMOUSE*{ & ROD PEAKALLZ

tDepartment of Ecology, Evolution and Natural Resources and Center for Theoretical & Applied Genetics, Cook
College, Rutgers University, New Brunswick, NJ 08901-8551, U.5.A. and iDivision of Botany and Zoology,
Australian National University, Canberra ACT 0200, Australia

correlation as a spatial autocorrelation of individuals
h steps apart (or ‘at lag /).

N

N
ngi}cg ngi}cﬁ : (15)

i) i=1

where the numerator is the sum of all N (N 1) ofl-
diagonal ‘element-by-element’ products of C and X",
and the denominator is the sum of all N diagonal
‘element-by-element” products of those same two matri-
ces. The coeflicient ' is a proper correlation coeflicient,
with a mean of *0” when there 1s no autocorrelation. and
bounded by [-1, +1]. closely related to Moran’s /%




CORRELOGRAMAS ESPACIAIS

- Avaliar o comportamento do | de Moran (ou outro indice de
autocorrelacao espacial qualquer) em funcdo da distancia
geografica;

-Separar a matriz de distancias D em varias matrizes W4, W,
W3, ..W

- Grafico relacionando | de Moran as classes de distancia (media
OuU Maximo)

CORRELOGRAMA
ESPACIAL
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A matriz de distancias geograficas (simeétrica e com n (n-1) / 2 observacoes)
pode ser desdobrada em diversas matrizes de conectividade W,, cada uma
delas ligando pares sucessivos e exclusivos de locais de coleta distantes uns
dos outros por um intervalo crescente.

Questoes:

- NUmero de classes?

n=20 » k=4 ou 5 classes

- Regra de Sturge — No. de classes = 1 + 3.3log,,[(n*n-1)/2]
(n = 20— 8 classes)

- Como dividir a matriz de distancias e criar as matrizes
W ?



Como dividir a matriz de distancias?

1) Classes de distancias iguais (mesmo intervalo);

Ex.: 0-100; 100-200; 200-300 km; etc

2) Numero aproximadamente igual de conexdes (W)
(I de Moran mais comparaveis e mais estaveis...);

W (I,)= [n(n-1)]/kK

onde k é o niumero de classes

Ex: classes irregulares - 0-100; 100-250; 250-500; 500-980 km



TESTE GLOBAL DO CORRELOGRAMA - critérios de Bonferroni

Para estabelecer a significancia total do correlograma mantendo-se a
Probabilidade de Erro Tipo | a um nivel de 5 % (por exemplo), é
necessario utilizar o critério de Bonferroni:

1) Testar a significancia de cada um dos indices | a um nivel de 0,05/k.

Assim, o correlograma como um todo sera significativo se pelo
menos um dos valores de | for significativo a 0,05/k.

2) Usar o critério de Bonferroni sequencial:

(1) = 0.05/1
(2) = 0.05/2
I(3) = 0.05/3

I(k) = 0.05/k



Autocorrelacao

distancias...

> positiva em curtas

E()=-1/(n-1)

Autocorrelacao

O negativa em longas

distancias...




Autocorrelacao
positiva em curtas
distancias...

E()=-1/(n—1)

Autocorrelacao nula
em longas distancias...
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Interpretando os correlogramas

Padrdo CLINAL — | de Moran positivo em curtas distancias associado
a | de Moran negativo em longas distancias;

Padrao em MANCHAS (PATCH) — | de Moran positivo em curtas
distancias associado a | de Moran nulo em longas distancias (picos
aleatdrios a longa distancia);

Padrio de DIFERENCIACAO DE LONGA DISTANCIA — | de Moran
nulo em curtas distancias associado a | de Moran negativo em longas
distancias;

Padrao NULO — | de Moran nulos em todas as classes de distancias.



CORRELOGRAMAS E GENETICA GEOGRAFICA
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Figure 1, examples of contour and surface plots

Robert Sokal

Sokal, R. R. & Oden, N. L. 1978. Spatial
autocorrelation in biology:

1. methodology

2. Some biological implications and four
applications of evolutionary and ecological
interest

Biological Journal of Linnean Society 10:

199-249.
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Autocorrelation of Gene Frequencies Under Isolation by Distance

Guido Barbujani'

Department of Ecology and Evolution, State University of New York, Stony Brook, New York 11794

Manuscript received April 2, 1987
Revised copy accepted August 13, 1987

TABLE 1

Expected values of MORAN’s I for two markers in two human
populations

POPULATION: Brazil

BIOASSAY OF KINSHIP: from isonymy (IMA1ZUMI and MORTON
1969) 2 = 0.0231 b = 0.0073 L =
-0.0012

Expected 1 Expected 1

Dhistance (km} Kinship (Ada) {AR)

100
200
300
400
500
Infinite

0.0089
0.0041
0.0014
0.0001
=0.0006
—0.0012

0.5438
0.2253
0.0769
0.0026
—0.0325
—=0.0659

0.4379
0.1815
0.0620
0.0021
—0.0262
—0.0531
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Isolation by distance in a continuous
population: reconciliation between spatial
autocorrelation analysis and population
genetics models

OLIVIER J. HARDY* & XAVIER VEKEMANS

Laboratoire de Genetique et Ecologie Vegetales, Universite Libre de Bruxelles, Chaussee de Wavre 1850,
1160 Brussels, Belgium

generations

distance d (lattice units)



Protocolo inferencial de processos microevolutivos

-Comparacao de similaridade entre correlogramas (distancia Manhattan)
e correlacéo entre superficies (mapas) de frequéncias alélicas

-Mapas semelhantes »Correlogramas similares

-Mapas diferentes \:Correlogramas diferentes
Correlogramas similares

-Grupos de mapas > | Ondas de migracéao / difusdo démica
Selecao natural

Fatores ecoldgicos



Table 1. Combination of processes that can be associated with spatial heterogeneity (i.e. expressing divergence among
local populations, usually estimated by Wright's F,; and related statistics) and spatial pattern (measured by correlograms
and other spatially explicit statistics), according to the framework of Sokal & Oden (1978h)

Spatial heterogeneity Spatial homogeneity

Spatial pattern
Present IBD, long-distance migration or demic Unlike
iffusion, selection gradients*
Absent Strong dri : High dispersal;
Lack of short-g====c sampling. Homogeneous selective agents®

#*Unlike pattern or pattern combination for ne olecular markers. IBD, isolation-by-distance.

Table 2. Combination of evolutionary processes that can be inferred by autocorrelation analyses according to the
framework of Sokal & Oden (1978b), based on obtaining similar correlograms (assessed by pairwise Manhattan distances)
and similar surfaces or maps of allele frequencies (assessed by pairwise Pearson’s correlations)

Surfaces (maps)

Dissimilar

Correlograms¥
Similar Migration — selection gradients® IBD
Dissimilar Unlike Independent processes in each allele frequency:i

#Unlike pattern or pattern combination for neutral molecular markers.

tNotice that, for migration, correlograms tend to show clinal patterns, whose strength is proportional to differences between
populations and, for selection, the correlogram will track the spatial pattern of the selective agent, and will be patchy or
clinal. For isolation-by-distance (IBD), correlograms usually display an exponential decrease of Moran's I with distance.
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Testando o protocolo...

Copyright @ 1983 by the Genetics Society of America

A TEST OF SPATIAL AUTOCORRELATION ANALYSIS
USING AN ISOLATION-BY-DISTANCE MODEL'

ROBERT R. SOKAL anp DANIEL E. WARTENBERG

Department of Ecology and Evolution, State University of New York at Stony Brook,
Stony Brook, New York 11794

.Manuscript received February 25, 1983
Revised copy accepted May 23, 1983




Testando o protocolo...

Biological Journal of the Linnean Society (1997), 60 T3-93. With 6 figures

A simulation study of microevolutionary

inferences by spatial autocorrelation analysis

ROBERT R. SOKAL FMLS

Department of Ecology & Evolution, State University of New York, Stony Brook,
NY 11794-5245, U S.A.

NEAL L. ODEN

The EMMES Corporation, 11325 Seven Locks Road, Suite 214, Potomac, MD 20854,
USA.

AND
BARBARA A. THOMSON

Department of Ecology & Evolution, State University of New York, Stony Brook,
NY 11794-5245, U SA.




Vol. 119, No. 1 The American Naturalist January 1982

SPATIAL AUTOCORRELATIONS OF HLA FREQUENCIES IN EUROPE
SUPPORT DEMIC DIFFUSION OF EARLY FARMERS

ROBERT R. SOKAL AND PAOLO MENOZZI

Department of Ecology and Evolution, State University of New York, Stony Brook, New York 11794;
Istituto di Ecologia, Universita di Parma, 43100 Parma, Italy

Submitted September 29, 1980; Revised May 11, 1981; Accepted June 16, 1981

American Naturalist, Volume 119, Issue 1 (Jan., 1982), 1-17.
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DNA sequence for Eugene Allen Field of the clan HELENA

ATTCTAATTT AAACTATTCT CTGTTCTTTC ATGGGGAAGC AGATTTGGGT ACCACCCAAG TATTGACTCA CCCATCAACA ACCGCTATGT ATTTCGTACA
TTACTGCCAG CCACCATGAA TATTGTACGG TACCATAAAT ACTTGACCAC CTGTAGTACA TAAAAACCCA ATCCACATCA AAACCCCCTC CCCATGCTTA
CAAGCAGTA CAGCAATCAA CCCTCAACTA TCACACATCA ACTGCAACCC CAAMGCCACC CCTCACCCAC TAGGATACCA ACAAACCTAC CCACCCTTAA
CAGTACATAG CACATAAAGC CATTTACCGT ACATAGCACA TTACAGTCAA ATCCCTTCTC GTCCCCATGG ATGACCCCCC TCAGATAGGG GTCCCTTGAC

No. BI0466

’ oxford
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Diffusion of farming
(cultural) or farmers
(genetic)?
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FProc. Nad. Acad. Sci. U84
Yol 95, pp. 90532058, July 1998
Anthropology

Clines of nuclear DNA markers suggest a largely Neolithic
ancestry of the European gene pool
(population genetics /human evolution /microsatellites /DNA diversity / demic diffusion)

LouNEs CHIKHI*T%, GIovANNI DESTRO-BisoLE, GIoRGIO BERTORELLE*, VINCENZO PascaLil,
AND GUIDO BARBUTANT®**
*Dipartimento di Biologia, Universith di Ferrara, via Borsari 46, 44100 Ferrara, Traly; TDipartimento di Biclogia, Universita di Padova, Padova, Ttaly;

¥Dipartimento di Biologia Animale e dell'Uomo, Universita di Roma “La Sapienz,” Fome, Italy; and IDipartimento di Medicina Legale, Universita di Verona,
Werona, Italy

Communicated by Henry C. Horpending, University of Ulah, Sali Lake City, UT, Moy 15, 1993 {received for review July 20 1997)

Y genetic data support the Neolithic demic
diffusion model

Lounes Chikhi**, Richard A. Nichols*, Guido Barbujani®, and Mark A. Beaumaont

*Department of Biology, University College London, Darwin Building, London WC1E 6BT, United Kingdom; *school of Biological Sciences, Queen Mary,
University of Londen, London E1 4NS, United Kingdom; $Dipartimento di Biclogia, University di Ferrara, via L. Borsari 46, 1-44100 Ferrara, Italy; and
fschool of Animal and Microbial Sciences, University of Reading, Whitaknights, P.O. Box 228, Reading RGE 64, United Kingdom

Edited by Henry C. Harpending, Univarsity of Utah, 5alt Lake City, UT, and approved June 11, 2002 {received for review March 18, 2002)

11008-11013 | PNAS | August2o0, 2002 | vol. 99 | no. 17




Theoretical advances in areas such as phenetics and cladistics have provided
improved, empirical methods for framing and testing evolutionary hypotheses.

“overall similarity”

R.R. Sokal & P.H.A. Sneath (1963),
Principles of nuimerical taxonomy

st

W. Hennig (1963), Phylogenetic Systematics
“shared, derived characters” . « « it's the real thing,

{Designs by D. Maddison)



O caso do Baru...
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Correlogramas meédios dos 8 loci
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framework of Sokal & Oden (1978b), based on obtaining simg\ .
and similar surfaces or maps of allele frequencies (asse w pairwise Pearson’s &grrelations)

Surfaces (maps)

Similar - Dissimilar
Correlograms¥

Similar Migration — selection gradients* IBD
Dissimilar Unlike Independent processes in each allele frequency:

#*Unlike pattern or pattern combination for neutral molecular markers.

fNotice that, for migration, correlograms tend to show clinal patterns, whose strength is proportional to differences between
populations and, for selection, the correlogram will track the spatial pattern of the selective agent, and will be patchy or
clinal. For isolation-by-distance (IBD), correlograms usually display an exponential decrease of Moran’s I with distance.




Correlacao entre superficies e similaridade
entre os correlogramas
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C O n S e rv ag éo Natureza & Conservagéo 9(2):179-187, December 2011

Copyright® 2011 ABECO

Handling Editor: Maria Lucia Lorini
Brazilian Journal of Nature Conservation doi: 10.4322/natcon.2011.023

Geographical Patterns in Biodiversity: Towards an Integration
of Concepts and Methods from Genes to Species Diversity

José Alexandre Felizola Diniz-Filho & Luis Mauricio Bini
Departamento de Ecologia, Instituto de Ciéncias Bioldgicas, Universidade Federal de Goids - UFG, Goiania, GO, Brazil

Abstract

Definitions of Biodiversity that encompass multiple levels of the biological hierarchy are common and fulfill theoretical and
conservation expectations. However, these definitions are usually not fully operational because these levels are usually analyzed
independently. We understand that the difficulties in integrating concepts and methods for distinct “Fundamental Biodiversity
Units" (FBUs) for analyses, including genes, haplotypes or neutral molecular variants, species, biomes or ecosystem, arise both
because of operational and conceptual difficulties in dealing with the evolutionary continuum and because of ‘sociological’ issues
regarding how different research traditions in Ecology and Evolutionary Biology deal with these different FBUs. Here we explore
some common patterns of geographic variation in FBUs at different hierarchical levels, starting from the conceptual view by

Natureza &
Conservagao

Braziian Joumal of Nature Conservat tion

Fundamental
Biodiversity
Units

www.abeco.org.br



The Unified Neutral Theory of
BIODIVERSITY AND BIOGEOGRAPHY

STEPHEN P. HUBBELL

LOCAL COMMUNITY DYNAMICS

Fic. 4.1. Cartoon of one disturbance cycle in a model community
undergoing zerosum ecological drift. At the beginning of the cycle
are two species whose individuals occupy all sites or resources (lff).
Immediately after the disturbance, which killed several individuals of
both species, vacant sites or unutilized resources are opened up (mud-
dlr). These are occupied by recruits from the two species in the local
community, and by an immigrant individual of a third species from the
metacommunity source arca (nght).

“ Zero-sum” principle



Copyright (© Ecography 2007, ISSN 0906-7590

Ecography 30: 3-12, 2007
/\ doi: 10.1111/}.2006.0906-7590.04817 .x
Subject Editor: Andrew Liebhold. Accepted 20 September 2006

The distance decay of similarity in ecological communities

Janne Soininen, Robert McDonald and Helmut Hillebrand
J. Soininen (janne.soininen@helsinki. ﬁ), Dept ﬂf Biological Environment Sciences, P.O. Box 65, FI-00014 Univ. af Helsinki,

Finland. — R. McDonald, Harvard Forest, Harvard Univ., Petersham, MA 01366-0068, USA. — H. Hillebrand, Inst. for Botany,
Univ. of Cologne, Gyrhofstrasse 15, DE-50931 Koln, Germany.

Similarity 4
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(a) (b) (d)

I Environmental variance I Unexplained

| Spatial structure | variance

FiG. 4. Variance par ll1ing of the target data table; fraction (b) 1e intersection of the environmental and spatial
components.

N
Niche... Neutral...

N

Sera que a existéncia de padrdo espacial pode ser
interpretada como evidéncia de neutralidade? Ndo
poderia ser resposta a uma varidvel ambiental néo
incluida no modelo?



Neutralismo em Ecologia & Evolucao
RELACOES TEORICAS ESTRUTURAIS

FORU l\/l FORUM is intended for new ideas or new ways of interpreting existing information. It
provides a chance for suggesting hypotheses and for challenging current thinking on
FORUN] ecological issues. A lighter prose, designed to attract readers, will be permitted. Formal
research reports, albeit short, will not be accepted, and all contributions should be concise

F ORUN] with a relatively short list of references. A summary is not required.

OIKOS 113:3 (2006)

Neutral theory in macroecology and population genetics

Xin-Sheng Hu and Fangliang He, Dept of Renewable Resources, 751 General Service Building, Univ. of Alberta,
Edmmonton, Alberta, Canada, T6G 2HI ( xin-sheng.hu@ualberta.ca). — Stephen P. Hubbell, Dept of Plant Biology,
Univ. of Georgia, Athens, GA 30602, USA, and also: Smithsonian Tropical Research Institute, Unit 0948, APO AA
34002-0948.

> Seletivamente neutros > "Dispersal assembly”

> Deriva genética > Deriva ecoldgica

» Mutacao > Especiacao

> Fixacao de um alele > Extincao

» Tamanho efetivo > Tamanho da populacao




Serd que é possivel entao utilizar o protocolo de Sokal &
Oden (1978) para decompor os componentes “Nicho-
Neutro” na estruturacao de meta-comunidades?

Oikos 121: 201-210, 2012

doi: 10.1111/j.1600-0706.2011.19563 x

© 2011 The Authors. Oikos © 2012 Nordic Society Oikos
Subject Editor: Stefano Allesina. Accepted 14 June 2011

Spatial autocorrelation analysis allows disentangling the balance
between neutral and niche processes in metacommunities

José Alexandre F. Diniz-Filho, Tadeu Siqueira, André Andrian Padial, Thiago Fernando Rangel,
Victor Lemes Landeiro and Luis Mauricio Bini

J. A. E Diniz-Filho (diniz@icb.ufg.br), T. Siqueira, T. F Rangel and L. M. Bini, Depto de Ecologia, [CB, Univ. Federal de Goids, CP 131,
74001-970, Goiinia, GO, Brasil. — A. A. Padial, Depto de Botinica, Univ. Federal do Parand, Curitiba, PR, Brasil. — V. L. Landeiro,
Programa de Pos-Graduagio em Ecologia, Coordenagdo de Pesquisas em Ecologia, Inst. Nacional de Pesquisas da Amazonia INPA,

Manaus, AM, Brasil.




-Simular abundancias a partir de dinamica neutra;

-Incorporar respostas das especies a gradientes
ambientais, criando conjuntos de dados com diferentes

proporcdes de especies neutras e com respostas
ambientais (SE);

-Utilizar uma RDA para particionar os componentes de
variacao (a,b,c e d), e obter o componente “c” das
abundancias;

-Aplicar o protocolo de Sokal & Oden (1978) aos conjuntos
de dados.
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Figure 1. Schematic representation of the analytical steps (and their resulting figures) used in this study. Marrix Y includes the simulated
abundances for 50 species over a grid of 2500 sites, while matrix C represents the species abundances prcdicted by a pure spatial model.
Different matrices Y were created by including an increasing number of species with non-neutral dynamics (from zero to 50, see Methods
for details). Moran’s 7 based correlograms were generated for both ‘original’ species abundances and those predicted by a pure spatial model.
Dissimilarities (Manhattan distance) among these correlograms were represented in marrices My (‘original’ abundances) and M (predicted
abundances). Ry and R, represent the species pairwise correlations estimated by using Y and C, respectively.




IDEAS AND
PERSPECTIVES

Thiago F. L. V. B. Rangel'* and
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'Departamento de Biologia
Geral, ICB, Universidade Federal
de Goias, Goiania, GO, Brasil
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*Correspondence: E-mail:
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Ecology Letters, (2005) 8: 783-790 doi: 10.1111/1.1461-0248.2005.00786.x

Neutral community dynamics, the mid-domain effect
and spatial patterns in species richness
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Figure 5. Spatial correlograms for species’ abundances under neutral dynamics, with dispersal distances G varying from 2 to 10 (compare
patterns to Fig. 2 when S; =0).
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Figure 2. Moran’s I-based correlograms for different numbers of non-neutral species (Sg). The results (mean = SD) from 10 replicates
are shown. - -




Particao de Variancia pela RDA

L4

"y
x
=
2
w
=h
y=]
<<

o
w

=
M

Number of non-neutral species (Sg)

Figure 4. Relationships between the number of non-neutral species
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explained purely by the environment, uniquely by the spartial vari-
ables and by the spartially-structured environmental variability,
respectively.




Manhattan distance

Average correlation among abundances
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Figure 3. Relationship between the number of non-neutral species
(Sp) and the following variables: (a) Manhattan distances among
correlograms, (b) average correlation among species, (c) Mantel’s
correlation between matrices M (containing the similarity among
the correlograms) and R (containing the correlations among abun-
dances, thus, when S =0, all species (50) possessed independent
spatial patterns). The relationship in (c) is shown for the ‘original’
species abundance (filled dots) and for those abundances predicted
by a pure spatial model (empty squares).

As distdncias Manhattan médias
mostram correlogramas
semelhantes quando SE = 0 (M <

0.2) e decaem ainda mais, mas...

As correlacdes aumentam
quando SE aumenta (pois o0s
mapas das espécies passam a ser
iguais)




Autocorrelacao Espacial e
Variacao Intrapopulacional

Geographical
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Heredity (2005) 95, 7-15
@ 2005 Nature Publishing Group All rights reserved 0018-067%/05 530.00

www.nature.com/hdy
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Estimating dispersal from short distance spatial
autocorrelation

BK Epperson
Michigan State University, East Lansing, MI 48824, USA
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Figure 1 Decrease of Moran's I with distance, typified by four
examples. Curves of 100 simulation averages are from top to Figure 2 Natural logarithm of N. plotted against Moran's [ for
bottom: set 1 (N_=4.2); set 4 (N_.=25.1); set 6 (N, =50.2); and set 9 distance class one. The line was fitted by least-squares, omitting set
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Molecular Ecology (2004) 13, 921-935 doi: 10.1046/j.1365-294X.2004.02076.x

New insights from fine-scale spatial genetic structure
analyses in plant populations

X. VEKEMANS*and O. J. HARDY*

*Université de Lille 1, Laboratoire de Génétique et Evolution des Populations Végétales, UMR CNRS 8016, Bat SN2, F- 59655
Villeneuve d’ Ascq cedex, France, TUniversité Libre de Bruxelles, Laboratoire de Génétigue et Ecologie Végétales, Chaussée de Wavre
1850, B-1160 Bruxelles, Belgium

Inferir parametros de IBD e vizinhanca...

Molecular Ecology Notes (2002) 2, 618—-620 doi: 10.1046/j.1471-8278 .2002.00305.x

PROGRAM NOTE
sPAGeDi: a versatile computer program to analyse spatial
genetic structure at the individual or population levels

OLIVIER J. HARDY and XAVIER VEKEMANS
Laboratoire de Génetique et Ecologie végétales, Universite Libre de Bruxelles, 1850 chaussée de Wavre, B-1160 Bruxelles, Belgium




Research Letters
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Spatial Genetic Structure and Life History Traits
in Cerrado Tree Species: Inferences for Conservation

Rosane Garcia Collevatti*, Jacqueline Silva Lima, Thannya Nascimento Soares &
Mariana Pires de Campos Telles

Laboratorio de Genética e Biodiversidade, Departamento de Biologia Geral, Instituto de Ciéncias Bioldgicas,
Universidade Federal de Goids - UFG, CP 131, CEP 74001-970, Goidnia, GO, Brasil

Table 2. Comparison of Spatial Genetic Structure (SGS) and genetic neighborhood among three cerrado species. N - number of
individuals sampled; D - density (individuals per ha); A number of alleles; SD - standard deviation; H, - expected heterozygosity;
f - inbreeding coefficient; F, - intra group F ; b - regression slope for the logarithmic relationship; S, - strength of spatial genetic
structure parameter; N, - genetic neighborhood. For f, all values are significant, Bonferroni adjusted P value for a nominal level of 5%
are: C. brasiliense, p = 0.005; D. alata, p = 0.0125; T. papyrus, p = 0.00625. *All values are statistically significant for p = 0.05.

Species N D Ind/ha Breeding Pollen Seed dispersal N loci
system® dispersal

C. brasiliense 101 12.2 sC bats mammals®
D. alata 32 27.0 SI bees mammals
T. papyrus 96 849 sC bees! wind

Species Mean A+SD  Mean H, + SD f F* b* Nb
C. brasiliense 16.1 £3.281 0.874 £ 0.041 0.131£0.112 0.149£0.012 -0.0099 0.0116 86.20
D. alata 2.7 £0.500 0.451 £ 0.059 -0.224 +£0.155 0.059 £ 0.057 -0.0162 0.0172 58.09
T. papyrus 2.0x£0.756 0.295 £0.218 -0.168 £0.073 0.032+0.014 —-0.0088 0.0085 118.05

3SC: self-compatible; SI: self-incompatible; ! buzz pollination; 2 may also be dispersed by Rhea Americana.
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Fine-scale spatial genetic structure
of eight tropical tree species as analysed
by RAPDs

BERND DEGENT*, HENRI CARON{, ERIC BANDOUY, LAURENT MAGGIAS, MARIE

HELENE CHEVALLIERY, ANTOINE LEVEAU$ & ANTOINE KREMER}

TSILVOLAB Guyane, INRA Station de Recherches Forestiéres, Campus agronomique, BP 708, 97387 Kourou cedex,

French Guiana, 1INRA Station de Recherches Forestiéres, Laboratoire de Géenétique des Arbres Forestiers, BP 45,

F-33611 Gazinet cedex, France, 8 CIRAD-Forét, Campus agronomique, BP 708, 97387 Kourou cedex, French Guiana,
and YCIRAD-Forét, Campus International de Baillarguet, BP 5035, 34032 Montpellier cedex 1, France
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Molecular Ecology (2006) 15, 559-571 doi: 10.1111 /§.1365-294X.2005.02785 .x

Fine-scale genetic structure and gene dispersal inferences in
10 Neotropical tree species

OLIVIER J. HARDY,*LAURENT MAGGIA,tERIC BANDOU,;} PETER BREYNE,§ HENRI CARON,{
MARIE-HELENE CHEVALLIER,* AGNES DOLIGEZ,++ CYRIL DUTECH,J{ ANTOINE KREMER,{
CELINE LATOUCHE-HALLE,J VALERIE TROISPOUX,t VINCENT VERON}and BERND DEGENt11
*Université Libre de Bruxelles, Service d’ Eco-Ethologie Evolutive, CP 160/12, 50 Av. F. Roosevelt, B-1050 Brussels, Belgium,
tCIRAD Forestry Department, UMR Ecologie des Foréts de Guyane, Campus agronomique, BP701, 97387 Kourou cedex, France,
HINRA, UMR Ecologie des Foréts de Guyane, Campus agronomique, BP709, 97387 Kourou cedex, France, §Institute for Forestry and
Game management (IBW), Gaverstraat 4, '-'a'b( )0 Ge mm:t»ber gen, Bei\u{m ‘]lINRA UMR Biodiversité, Génes et Ec m;wfe’rm s, 69 Route
d Arcachon, 33612 Cestas ce if, '

Mende, 34293 Montpellier cedex g Eqmpe (.;mef:que If igne, Bﬂf
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Forstgenetik und Forstpflanzenziichtung, Sieker Landstrasse 2, D-22927 Grosshansdorf, Germany
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Spatial analysis of genetic diversity as a tool for
plant conservation

Adrian Escudero®*. José M. Iriondo”. M. Elena Torres?

* Area de Biodiversidad v Conservacion, Escuela Superior de Ciencias Experimentales v Teenologia, Universidad Rev Juan Carlos.
O Tulipin s/n, E-2 Mdstoles, Spain
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Spatial Autocorrelation Analysis and the
Identification of Operational Units for Conservation
in Continuous Populations

]OSE ALEXANDRE FELIZOLA DINIZ-FILHO* AND MARIANA PIRES DE CAMPOS TELLESt
*Departamento de Biologia Geral, Instituto de Ciencias Biologicas, Universidade Federal de Goias, Cx.P. 131,
CEP 74.001-970, Goiania, GO, Brasil, email diniz@icb1.ufg.br

1 Departamento de Zootecnia, Universidade Catolica de Goias, Goiania, GO, Brasil

Diniz-Filho & Telles (2002). Conservation Biology 16(4): 924-935.



Conservation Genetics and the debate between ESUs (Evolutionary
Significant Units) and Management Units (MUs) in Intraspecific

Conservation

- Creating OUs (Operational Units) based on correlograms...

930 Spatial Antocorrelation in Conservation Genetics
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Diniz-Filho & Telles (2002). Conservation Biology 16(4): 924-935.

Diniz-Fitho & Telles

Figure 3. Resulls of univariate auto-
correlation analyses based on Mo-
ran’s 1 coefficient for 27 alleles of E.
dysenterica The variation of Mo-
ran’s 1 in each distance class for
these alleles and the average correlo-
gram, with the intercept indicated
by the arrow, are shown. The dasbhed
line expresses the expected value
under the null bypothesis ( Ef1] =
—1/n — 1] = —0.111).
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Optimization procedures for establishing reserve networks for biodiversity
conservation taking into account population genetic structure
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Figure 1 - The discrete concept. ( A) Twao different local populations need
to be conserved for a optimum and minimum representation of four spe-
cies; B) if a discrete population structure could be assigned for some of the
species (three intraspecific units for species A and two intraspecific units
for species B and C) a total of 5 sites would be needed to conserve all ge-
netic structure within and between species.

Autocorrelation

-.'--._______.-

Geographic distance

Figure 2 - The continuous concept. This shows a simple example for two
different species (populations with open (A) and closed (B) circles). Net-
works of local populations for each species are designed using genetic
variability spatial correlograms (C), which indicated different genetic
patch sizes. The superimposition of these two networks indicates that five
sites are necessary to better conserve continuous genetic variation, two of
them with both species, and three of them containing one species each.
This is one possible solution, since other networks could be obtained for
each species.
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Modelos de semi-variograma

Linear — Gaussian Exponential

Hole effect

Spherical
phetica %Pure nugget effect

Semi-variance Y(d)

Distance

® Spherical model: vy (d) = C0+Cl[1.52—f—0.5(g)3:| ifd<a;y(d) = Cifd>a

® Exponential model: y (d) = C,+C, [1 —exp(—3 c—i)] k
a

2
® Gaussian model: v (d) = C,+C, [1 - exp{—3 ‘L_’H :
e

® Hole effect model: y(d) = C,+ ¢, [1 510 (:;d)] :
a
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Geographical structure of gene diversity in
Quercus petraea (Matt.) Liebl. lll. Patterns of
variation identified by geostatistical analyses

VALERIE LE CORRE, GUY ROUSSEL, ANNE ZANETTO & ANTOINE KREMER*

INRA, Laboratoire de Génétique et Amélioration des Arbres Forestiers, BP 45, 33617 Gazinet Cedex, France

Table 2 Modelling of the variograms for the whole sampling area. Details
{nugget and range for the exponential (Exp.) model or nugget and slope for the

linear (Lin.) model) are given for the best fitted model. The sum of squared
residuals (SSR) obtained with the other model is given in parentheses. & is the
standard deviation of dispersal distances estimated from the ranges of
exponential variograms according to a one-dimensional continuous model of
isolation-by-distance

Range (km)
Allele Model Nugget or slope

Aapd . 0.304 565 km

Aapt . 0.360 623 km
Aepz in. 0.143 1017 =107

0.370 776 km

0.691 0.319x 1072
0.570 0.501 % 1072
0.316 0.671%107*
0.610 0.470% 1072

0.350 995 km

0.650 0.226 % 107*

Oistance in. 0.777 0.317x107*
FDA1
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Analise exploratoria
(EDA)
Modelagem e
Inferéncia

Analise de dados
espaciais




OLS MODELING ON SPATIAL DATA

OLS model residuals are usually not independent...

-

\

Use Moran’s | or correlograms of model
residuals as a diagnosis for

randomness and independence of
residuals




Effects of spatial
scale of predictors
(dependence)

Residual
autocorrelation

Modeling and
Inference




Results of multiple regression of bird species richness against 6
environmental predictors (AET, PET, rainfall, elevation, temperature and
interaction between topography and temperature)

R2 = 0.856; F = 363.3 (P <<0.001)

¥ Linear Regression Analysis

Fiegresszion Settings | Analytic Regression Graphs | 5 patial Eitrl.u::tl.JrEeI b aps I
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Spatial distribution of Y and estimated Y
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Spatial correlogram of model residuals...

Residuals

@ Moran's |
®* Max Moran's |

o
8% 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Distance Units

Significant Moran’s | at the first distance class
(1=0.213+0.014 ; P<0.01)
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Correlogramas das duas variaveis...

@ Max Moran's |

Diversidade
Classe 1 (0-700 km):
| de Moran = 0.695 + 0.016

5 20
Distance Units

Temperatura
Classe 1 (0-700 km):

| de Moran =0.673 + 0.013

= 20
Digtance Unitz




Se existe wuma estrutura de dependéncia espacial
(autocorrelacao) significativa em cada variavel, entdo as
unidades espaciais (células) proximas no espaco geografico
sao de certo modo redundantes para fornecer evidéncia da
relacéo entre diversidade e temperatura...

O pressuposto de independéncia
estatistica é violado...

 —

QUANTOS GRAUS DE LIBERDADE?



Correlacoes de Pearson




95% (-0.505; 0.495)

|
0.0

Correlacoes de Pearson




r (0.05) = 0.433!

|
0.0

Correlacoes de Pearson




r (0.05) = 0.433!

|
0.0

Correlacoes de Pearson




N =23

r (0.05) = 0.433

Correlacoes de Pearson




Assim, na presenca de autocorrelacao espacial...

Graus de liberdade

Intervalo de confianca



Correlacéo
estimada (r)

|
|
|
|
|
|
B) DF sobrestimados :
IC (1-a) estreito 0
a <€ >
|
|
|
|
|
A DF correto ]
) IC (1-a0) amplo (_: — >
N L
- 1

Situation A) — r significativo a um dado a

Situation B) — r nao-significativo a um dado « (engloba o zero...)



CORRELACOES ESPACIAIS ENTRE
MAPAS E INFERENCIA ESTATISTICA

Coeficiente de correlacao linear de Pearson
-1.0 < rde Pearson < 1.0

HO——>p=0

Tabela de Pearson com n - 2 graus de liberdade (ou usar
\_ aproximacoes pelas distribuicdes Z, F ou t)




Método de Clifford-Duttileul

Correcao do GL com base na estrutura espacial:

NUMERO DE GRAUS DE LIBERDADE
GEOGRAFICAMENTE EFETIVO (n*)

/oy A

n*=1+n’ [trace(RYlR

E a matriz de correlacdo espacial entre as
observacoesi e | para a variavel Y,




n*=1+n° [trace (FAQMFAQY 2 )r

Se ndo ha autocorrelacédo espacial nas matrizes, entao

Ry Ry
(1000 (1000 |
0100 0100

> < > —
0010 0010
0001, 0001

Ry1y2
(1000)
0i00
0010

L0001

Traco = 2 diagonal principal

O traco da matriz R,R, € igual a n, de modo que

n* = n quando o n é grande...



n*=1+ nz[trace(

N\

R,,R

A

)

Se ha autocorrelagao espacial, como por exemplo...

Ryl X Ry2 \ Ry1y2

(10900 ) (10900 (181180 0 0
09100 09100 «

) 9 - Jreo1si 0 0 |
0010.9 0010.9 0 0 18i 1.80
00091 ) (00091 | L0 0 1.80 1.61 |

Traco = 7.24

O traco da matriz R,R, é igual a 7.24, de modo que

n*=1+42*7241=32..



O valor da autocorrelacdo espacial entre as observacoes pode ser extraido
do correlograma, com base nas distancias geograficas:

Se a distancia geografica entre as
observagoes 1 e 2, por exemplo, estiver
na primeira classe do correlograma,

( 1.00 0.65 0.00 0.00 ... 0.00 \ substituir pelo valor do | de Moran desta

classe
0.65 1.00 0.00 0.00 ... 0.00
< 0.00 0.00 1.00 0.00 ... 0.00

0.00 0.00 0.00 0.00 ...1.00
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Para a relacdo DIVERSIDADE * TEMP, o GL passa de:

372 20 |

Para GL = 20, o valor critico der a 5% = 0.423

Rejeita-se entdo HO (ou seja, entao p # 0)



REGRESSAO ESPACIAL: ANALISE
EXPLORATORIA E MODELAGEM




ANALISE
EXPLORATORIA:
usar 0 espaco para
descrever Y

Analise de dados
espaciais

MODELAGEM E
INFERENCIA: usar o
espaco como parte
do modelo




Padrao Espacial em Y

REGRESSAO
ESPACIAL

Efeitos parciais de outras
variaveis X (selecéo e
adaptacao?)
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José Alexandre Felizola Diniz-Filho', Jodo Carlos Naboutz, Mariana Pires de Campos Telles',
Thannya Nascimento Soares' and Thiago Fernando L.V .B. Rangcﬁ

fDepartamenm de Biologia Geral, Instituto de Ciéncias Biologicas, Universidade Federal de Goias,
Goldnia, GO, Brazil.

2Pnug;‘ama de Doutorado em Ciéncias Ambientais, Universidade Federal de Goias, Goidnia, GO, Brazil,
jﬂepar.!ment of Ecology and Evolutionary Biology, University of Connecticut, Storrs, CT, USA.

[]0-0.15

0.15-0.3
B 0.3-0.45
B 0.45-06
I 0.6-0.75

E

Geographic distance (km)

Figure 1 - Allele frequency of each of the 30 populations in the Cerrado biome, and a spatial correlogram, placing in evidence the high positive
autocorrelation in the first distance classes.




Table 1 - A comparison of spatial regression methods based on the analy-
sis of null expectation, by regressing allele frequencies evolving under a
pure isolation-by-distance process against three explanatory variables
{factors). N. models refers to the frequency (out of 20 simulations) with at
least one significant (p < 0L05) regression slope, whereas N, coeff. shows
the frequency (out of 60 coefficients) of significant coefficients. The
Dist{HO) refers to the average Euclidian distances between the regression
coefficient vector [§ and the null expectation (all slopes are zero).

NMDS 2

M. models M. ocoeffs Dyist (HOY)

0.65 0.38 0.140
TSA 0.75 0.33 0.170

PCNM 0.50 0.18 0.154

LagRES 0.40 0.13 0.076

LagPRED 0.40 0.20 0.113

i I 1 5 0.70 0.35 0.118
-0.5 0.5 1.5 : 0.70 038 0.13%
NMDS_1 0.70 0.35 0.116

Figure 2 - Distribution of spatial regression methods in the 2D solution of
non-metric multidimensional scaling { NMDS) based on their standardized
slopes. The methods were: Ordinary Least-Squares (OLS); Principal Co-
ordinate of Neighbor Matrices (PCNM); Lagped Response (LagRES);
Lagged Predictor (LagPRED); Simultaneous Autoregression (SAR), Con-
ditional Autoregression (CAR), Moving Average (MA); Trend Surface
Analysis (TSA).




TENDENCIAS EM GRANDES ESCALAS

Analise de Superficie de Tendéncias

Regresséao multipla na qual as variaveis X sao as coordenadas
espaciais (latitude e longitude) e/ou suas expansoes polinomiais

Onde X, € alongitude e X, é a latitude (1 ordem). As expansoes
polinomais podem ser quadraticas (22 ordem), cubicas (3 ordem),
etc

Y =a+byXy +byX; , bgXy? + byX; X, 4 bgXy?

Y =a+byX; +byX; , bgXy? + byXyX; 4 bgXy?
+h X3 + b7 X 2X,5 + DgX2X, +bgX53



Residuos = COMPONENTE LOCAL

Variavel
Resposta 'Y
/ @)

Modelo = COMPONENTE REGIONAL

Espaco
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DEPENDENCIA
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ESTRUTURAS
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AUTOCORRELACAO
ESPACIAL




Rich = cubic(x,y)

Syst, Zoof, 38{4):333-341, 1989

SPATIAL AUTOCORRELATION ANALYSIS OF TREND
RESIDUALS IN BIOLOGICAL DATA

JEAN-PIERRE BOCQUET-APPEL'? AND ROBERT R. S0KAL?

LISH-CNRS, 54 bd Raspail, F-75006 Paris, France; and
*Department of Ecology and Evelution, SUNY al Stomy Brook,
Stany Brook, New York 11794-5245

Abstract.~Geographic variation trends are often quite complex and consist of variation at
different spatial scales. In such cases an analysis of spatial structure by spatial autocorrelation
analysis is confounded by this intermixing of different scales. Trend surface analysis (TSA) or
canonical trend surface analysis (CTSA) offer ways of overcoming this problem, We subjected
residuals from two types of data to spatial autocorrelation analysis: TSA residuals of simulated
population-genetic data (isolation by distance with or without migration), and CTSA residuals
of morphometric data. This approach was able, in the first case, to separate the effects of isolation
by distance from migration, and to give an estimate of the scale at which each process occurred;
in the second case, it furnished an estimate of the mean size of the local variation pattern as
distinct from its long range pattern. In populations where different variables show structure at
different spatial scales, these methods can separate out such effects even if the point-values for
the different variables are not located at the same coordinates. [Spatial autocorrelation; trend

residuals; trend surface analysis; canonical trend surface analysis.]

Evolutionary biologists frequently study
geographic variation patterns of gene fre-
quencies or morphometric variables and
use these to make inferences concerning
the processes that have brought about these
patterns. One method of summarizing geo-
graphic variation patterns of a variable is
by means of spatial autocorrelation anal-
ysis. Cliff and Ord (1981) and Upton and
Fingleton (1985) have described the basic
statistical techniques, and Sokal and Oden
(1978a, b), Sokal and Wartenberg (1981}and
Sokal (1979, 1986) have provided illustra-
tions employing these techniques for in-
ferential purposes. Spatial autocorrelation
analysis has been applied in numerous
studies (see references cited in Sokal, Oden
and Barker, 1987, for various biosystematic
and ecological applications).

The geographic variation trends ana-
lvzed are often quite complex and may
consist of variation at different spatial
scales. In such cases population-genetic in-
ferences based on spatial autocorrelation
analysis may be confounded by this inter-
mixing of different scales. One way of
overcoming this problem is by the method
of trend surface analysis (TSA) which at-
tempts to break down the spatial variation
into different fractions, generally two: lo-

cal variation and regional or long distance
variation, also called a trend. Although
some significant long range regression may
result from simple local autocorrelated
processes (such as would be generated by
an autoregressive time series with lag 1),
well defined long-distance patterns of bi-
ological data may generally be ascribed to
one type of biological process, e.g., selec-
tion against a climatic gradient, whereas
the near-distance patterns are attributed to
another type, e.g. isolation by distance
(Sokal et al., 1989).

TSA methods were originally developed
by and for geologists (for a review see
Whitten, 1975) and geographers (Haggett
etal., 1977). In population biclogy TSA has
been used more for detecting clines or
characterizing biological rules such as those
of Bergmann and Allen, than for decom-
posing the variation itself (see Marecus and
Vandermeer, 1966 for an early application
in systematics; Gittins, 1968, in population
ecology; Jorde, 1980 for a review). The main
criticism against TSA was raised some years
ago by Norcliffe (1969): “Many applica-
tions of TSA methods have simply been
curve fitting exploration, followed by a
posteriori justification as to why good fits
have been obtained.” Other problems with
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Problemas com a TSA

- Simplicidade na definicao dos padroes;

-Tendéncias em grande escala apenas;

<

Superficie 1a. Ordem > |=0.477

Superficie 2a. Ordem III]I::> | = 0.393

_ Superficie 3a. Ordem  H—> 1=0.229



Problemas com a TSA
-Colinearidade na definicao dos polinbmios (centralizacao);

-Como definir a ordem da superficie?

_ (SSRP+1 - SSRP)
m—Kk
e
SSDP+1
n—-m-1

MSpp.. =

Esse teste é perturbado pela estrutura local de
autocorrelacdo no residuo...




3 critérios para avaliar o aumento de ordem na TSA

AIC. =n IOg(O'Z)+ ZK(n—LK—J

1500 T T T T T T

1 1 1 ® 0.6 1 1 1 1
1 2 3 4 5 0 1 2 3 4 5
ORDEM DA TSA ORDEM DA TSA

5
ORDEM DA TSA




FILTROS BASEADOS EM AUTOVETORES (Eigenvectors)

- O espaco geografico passa a ser representado por diversos filtros, que séo os
autovetores obtidos de matrizes de distancias ou conectividade espacial

Spatial... .g

Autocesrelation :

aifd Spatial. Sl o ROURD |

Filterifig 3 = G . -y F :

» | :

e ‘) nxn) (nxn'):

O 4 W4 X
'}J S Puobive flters (45 (=1

o

Filters selection (R?, mapping, S.A.A.)

Modelling: S = f(Filters, Environmental factors)

Daniel Griffith



Coordenadas Principais de uma
matriz de distancias geograficas
truncada (PCNM). Atualmente
chamada de MEM (Moran’s
Eigenvector Mapping)

Autovetores de uma matriz de
conectividade (0/1) transformada,
chamada de “Eigenvector
Filtering”

Daniel Griffith



ANALISE
EXPLORATORIA:
usar o R? para
avaliar padrao em Y

Filters selection (R? mapping, S.A.A.)

v

Modelling: S = f(Filters, Environmental factors)

Autovetores da
Matriz GEO

MODELAGEM E
INFERENCIA: usar alguns
autovetores para “controlar”
a autocorrelacao
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SPATIAL MODELING IN ECOLOGY: THE FLEXIBILITY OF
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vl Modelling geographical patterns in

aabtll species richness using eigenvector-based

spatial filters
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MOLECULAR ECOLOGY
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Common factors drive adaptive genetic variation at

different spatial scales in Arabis alpina
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Abstract

A major challenges facing landscape geneticists studying adaptive variation is to include
all the environmental variables that might be correlated with allele frequencies across
the genome. One way of identifying loci that are possibly under selection is to see which
ones are associated with environmental gradient or heterogeneity. Since it is difficult to
measure all environmental variables, one may take advantage of the spatial nature of
environmental filters to incorporate the effect of unaccounted environmental variables in
the analysis. Assuming that the spatial signature of these variables is broad-scaled,
broad-scale Moran’s eigenvector maps (MEM) can be included as explanatory variables
in the analysis as proxies for unmeasured environmental variables. We applied this
approach to two data sets of the alpine plant Arabis alpina. The first consisted of 140
AFLP loci sampled at 130 sites across the European Alps (large scale). The second one
consisted of 712 AFLP loci sampled at 93 sites (regional scale) in three mountain massifs
(local scale) of the French Alps. For each scale, we regressed the frequencies of each AFLP
allele on a set of eco-climatic and MEM variables as predictors. Twelve (large scale) and
11% (regional scale) of all loci were detected as significantly correlated to at least one of
the predictors ( _;“:dj > 0.5), and, except for one massif, 17% at the local scale. After
accounting for spatial effects, temperature and precipitation were the two major
determinants of allele distributions. Our study shows how MEM models can account
for unmeasured environmental variation in landscape genetics models.
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Phylogenetic Eigenvector Regression (PVR)
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Diniz-Filho's et al. (1998) phylogenetic eigenvector regression (PVR)

Phylogeny

Eigenvalues

Phylogenetic  eigenvectors
represent linearly different
cuts of phylogeny, allowing
evaluation of phylogenetic
effects at different “scales’
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Figure 1. Phylogeny and the first three eigenvectors (PHY 1, PHY2 and PHY3) for the 35 Theropoda genera.
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PSR Curve (Phylogenetic Signal-Representation curve)

Solucao de problemas do PVR original...
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PSR Curve (Phylogenetic Signal-Representation curve)
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Eigenvector selection based on PSR curve?
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Aplicar o PVR/PSR no espaco e usar os autovetores para
descrever a variacao espacial nas frequencias alélicas
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