FILOGEOGRAFIA

Avise 1987, 1994, 2000; Hillis et al. 1996

Estudo dos principios e processos que governam a distribuicao geografica
das linhagens genealdgicas em nivel intra-especifico (ou entre espécies
muito proximamente relacionadas).

Emprego de estudos gendmicos para estudar a estrutura intra-especifica
de populacdes naturais.



FILOGEOGRAFIA

Avise 1987, 1994, 2000; Hillis et al. 1996
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FILOGEOGRAFIA

Avise 1987, 1994, 2000; Hillis et al. 1996

Quantidade e distribuic&o da variagcao dentro e entre populacbes depende
do tamanho das mesmas e dataxa de fluxo génico.

A distribuicdo espacial das caracteristicas nos organismos NAO é regida
apenas por pressoes ecologicas contemporaneas,;

Selecdo natural NAO é o Ginico mecanismo capaz de gerar padrées
geograficos em atributos genéticos, pois em pops delimitadas
historicamente e que experimentaram pouco ou nenhum fluxo génico por
um periodo de tempo longo, a divergéncia genética ocorrera
iInexoravelmente tanto em genes neutros como em genes sob selecéao.

As frequéncias de alelos nas populagfes variam aleatoriamente = deriva
genetica — causa perda de variabilidade genética dentro da pop. e aumenta
as diferencas entre pops.



FILOGEOGRAFIA

Avise 1987, 1994, 2000, : Hillis et al. 1996

Estudos gendmicos para estudar a estrutura intra-especifica de populacdes:
- sitios de restricao — AFLP (amplified fragment lenght polymorphism)

- microssatélites: SSRs (Simple Sequence Repeats) e STRs (Short Tandem
Repeats) — sequéncias repetidas de 1-6 pares de bases de DNA. Tipicamente
neutros e codominantes; numerosas no genoma de animais e plantas; alta taxa de
mutacao .

- seqlienciamento de nucleotideos.
- mtDNA e cpDNA — heranca materna, e nao sofrem recombinacao =

transmitidos de modo clonal = compartilham um mesmo padrao histérico de
descendéncia comum.



FILOGEOGRAFIA

Avise 1987, 1994, 2000, ;: Hillis et al. 1996

Caracteristicas relevantes do mtDNA:

- taxa de evolucao muito mais rapida que a do nDNA

- heranca materna permite que se trate o mtDNA todo (genes codificantes de
proteinas, genes tRNA e rRNA, e sequéncias nao-codificantes) como um

unico “locus”;

- mtDNA € um genoma haploide (n&do diploide) = genotipos diferentes sao
denominados HAPLOTIPOS;

- mtDNA é transmitido de uma geracao a outra por intermédio de uma
linhagem materna — linhagem matrilinear.
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FIGURE 11.10 Gene trees embedded
within population trees. Note that the
gene tree divergence between popula-
tions will not always be concordant
with the time of population divergence,
and that the rate of ancestral lineage
sorting can occur at very different rates
in different populations. In this case, the
gene tree in population A is mono-
phyletic with respect to population B,

but did not become so until well after Gene tree becomes

the time of the population split. Popula-

tion B is still paraphyletic with respect mOnOphyletiC 11’1

to population A. At any point in time .
prior to the coalescence of the gene pOpUlatlon A
tree in population 1 to monophyly, pop-
ulations A and B would have been poly-
phyletic. (After Avise 2000.)
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7.4 Schematic representation of the matrilineal sorting process of two sister pop
5, along 40 generations, separated by a barrier to gene flow. Morrone 2009
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7.4 Schematic representation of the matrilineal sorting process of two sister pop
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Exemplo de estudo:
10 sequéncias amostradas.

VariacOes entre elas sublinhadas.

Espéecime 1 AAATGCGCTCAATGCGATTCCGCCCGTCGCTAAGAT
Espécime 2 AAATGCGCTCAATGCGATTCCGCCCGTCGCTAAGAT
Espéecime 3 AAATGCGCTCAATGCGATTCCGCCCGTCGCTAAGAT
Espéecime 4 AAATGCGCTCAATGCGATTCCGCCCGTCGCTAAGAT
Espéecime 5 AAATGCGCTCAATGCGATTCCGCCCGTCGCTAAGAT
Especime 6 AAATGCGITCAATGCGATTCCGCCCGTCGCTAAGAT
Espéecime 7 AAATGCGCTGAATGCGATTCCGCCCGTCGCTAAGAT
Espéecime 8 AAATGCGCTCAACGCGATTCCGCCCGTCGCTAAGAT
Especime 9 AAATGCGCTCAATGCGITTCCGCCCGTCGCTAAGAT
Especime 10 AAATGCGCTCAATGCGATTCCGCCCGTAGCTAAGAT



Matriz de distancias entre as sequéncias amostradas

P, P P P P O O O O
P P P P P O O O
L = =)
N = = =)
L e T
N NNN

X

Matriz de distancias permite:

detectar quantos haplotipos existem na amostragem,;
estimar a frequéncia de cada um desses haplotipos;
construir uma rede de haplotipos com as sequéncias:




Padrdes Filogeogréaficos:
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Figure 7.6  Different phylogeographic patterns for mtDNA gene cladograms. (a) Cat-
egory I (deep gene tree, major lineages allopatric); (b) Category II (deep gene tree, major
lineages broadly sympatric); (c) Category III (shallow gene tree, lineages allopatric);
(d) Category IV (shallow gene tree, lineages sym atric); (e) Category V (shallow gene
o . s i ° (Morrone 2009)

tree, major distributions varied).




Inland K

Coastal

Lomolino et al. 2006

| L

I

Ascaphus truei

Palouse Range

Bitterroot Range fro g
Clearwater Mts.

Seven-Devils Mts.

Northern Rocky Mts. Costa Noroeste Pacifica
Salmon River Mts. EUA

Blue Mts.

East Fork of the South

Fork of the Salmon River

Northern Cascade Mts.

Olympic Mts.
Padroes com FILOGRUPQOS
Siskiyou Mits. (categorias a e b de Avise 2000)
sao adequados a

analises filogenéticas:
cada haploétipo unico é tratado
como uma OTU numa matriz de dados

submetida aos algoritmos usados
nareconstrucao de filogenias.

Oregon Coast Range



0 oD T Ascaphus truei
G
s | ProuseRange Costa Noroeste Pacifica
P | Seven-Devils Mis, EUA
LD Northern .Rocky Mts. .
Ar (B, Haplotipos
ce . .
L filogrupo continental formando 2 clados
oo S profundamente divergentes,
m East Fork of the South i S
—402 o RS L reciprocamente monofiléticos
: H o Northern Cascade Mts. e a|0pétl'|dOS
W] OymeieMe filogrupo costeiro
estal > | Siskiyou M. (pontos de coalescéncia
—-LUV j Oregon Coast Range mais prOfundOS

entre os subclados)

2 especies cripticas?
Nielson et al. 2001

FIGURE 11.13 (A) Mitochondrial DNA phylogenetic tree ap u d
for mtDNA haplotypes (capital letters) drawn from popula- .

tions of the Tailed frog, Ascaphus truei, from the Pacific L omo I INO
Northwest, USA. Haplotypes form two deeply divergent, re-

ciprocally monophyletic and geographically disjunct et al . 2006

clades—an Inland group and a Coastal group (B). With ex-
ception of the split between haplotype group M + N + O
and all other Inland haplotypes, the Coastal clade has gen-
erally deeper points of coalescence among subclades, sug-
gesting older splits between populations from different
mountain ranges than is shown for the Inland clade.This
phylogeny was used to propose that the Inland and Coastal
populations represent two separate, morphologically “cryp-
tic” species. (From Nielson et al. 2001.)
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Loxodonta e Elephas - haplotipos ndo-enraizados (network)

FIGURE 11.14 Three unrooted haplo-
type networks within and among two
species of African (genus Loxodonta)
and one species of Asian (Elephas) ele-
phant. Each network represents a sepa-
rate gene from the nuclear DNA.The
haplotypes from Asian elephants are
shown as white circles, those from
African savanna elephants are dark gray
circles, and those from African forest
elephants are light gray circles. Slashes
across lines connecting haplotypes
each represent a single mutational step
(lines without a slash represent one
mutational step between haplotypes).
Note that haplotypes from each species
cluster together in all cases except one
(for PLP, the two savanna elephant indi-
viduals at the arrow carried a haplotype
that was otherwise common in the for-
est species). The pattern of haplotype
clustering provides evidence of genetic
divergence between the three species.
(After Roca et al. 2005.)

BGN; 647 bp PHKA2; 1,002 bp PLP; 479 bp
3 genes nucleares

Padroes sem FILOGRUPOS
(categorias c, d, e de Avise 2000):
rede filogenética ndo-enraizada
sumariza as relagcdes entre os haplotipos

Roca et al. 2005,
apud Lomolino et al. 2006
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Figura 8.3 - Incongruéncia entre histéria filogenética de populagdes e de um marcador molecular hipotético decorrente da
estocasticidade dos processos de mutagao e deriva genética. Note que a populagdo D nao é monofilética para o gene estudado.

Martins & Domingues in
Carvalho & Almeida 2010

Arvore genética com
topologia diferente
da “filogenia real”

Avise 2002,

apud Lomolino et al. 2006

JRE11.15 Anillustration of a gene tree that differs topologically from the “true”

genetic relationships among species. In the top figure, species D and E are allied
[C, but the gene tree in D and E is allied with F. This is because population B re-
ancestral polymorphism between the time interval t, to t, and across the specia-
event between C and D + E. As this interval becomes shorter (i.e., time between
ecutive branching events becomes reduced), the probability of a discordance be-
n species and gene tree topologies increases. The bottom figure shows that once
adiscordance arises, it becomes permanently frozen into place, so must always
nsidered a possible source of error when using gene trees to infer species histo-
om sampling of extant lineages (G, H, and I). (After Avise 2002.)

oy

—r———

T




FILOGEOGRAFIA

Avise 1987, 1994, 2000; Hillis et al. 1996
Estrutura genética das pops permite:
-estimar filogenia das populagoes

-investigar os padrdes de biogeografia historica (dispersédo como
migracdes, colonizacdes, isolamento geografico)

- comparar especies simpatridas que ndo exibam padrdes congruentes.

Ronquist (1997): filogeografia € uma aproximacao da Biogeogr. Historica
a uma escala ecologica de tempo.



Hipoteses filogeograficas (Walker & Avise 1998):.

1. amaioria das espécies compdem-se de pops geograficas, as
guais ocupam ramos distintos de uma arvore filogenética intra-
especifica.



Hipoteses filogeograficas (Walker & Avise 1998).

1. amaioria das espécies compdem-se de pops geograficas, as
guais ocupam ramos distintos de uma arvore filogenética intra-
especifica.

2. as espécies que nao exibem uma estrutura genealdgica que
evidencie sua distribuicdo geogréafica devem ter ocupado
habitats livres de barreiras ao fluxo génico e devem ter sofrido
dispersao entre suas pops.



Hipoteses filogeograficas (Walker & Avise 1998):

1. amaioria das espécies compdem-se de pops geograficas, as quais
ocupam ramos distintos de uma arvore filogenética intra-especifica.

2. as espécies que nao exibem uma estrutura genealdgica que evidencie
sua distribuicdo geografica devem ter ocupado habitats livres de
barreiras ao fluxo génico e devem ter sofrido dispersao entre suas

pops.

3. 0s grupos monofiléticos intra-especificos que se distinguem por
grandes separacoes filogenéticas devem ter-se originado devido a
presenca de barreiras extrinsecas (biogeograficas) de longa duracao.

Esta ultima hipotese inclui 4 corolarios (4 aspectos da concordancia
genealdgica):
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Figure 7.5 Schematic representa-
tion of four different aspects of
genealogical agreement. (a) Agree-
ment across sequence characters
within a gene; (b) agreement in
significant genealogical partitions
across two different genes within a
species; (c) agreement in the geog-
raphy of gene tree partitions across
two codistributed species; (d)
agreement of gene tree partitions
with spatial boundaries between
two biotic components.

4 aspectos distintos
de concordancia
genealdgica

Morrone 2009

B
s

—4|

Gene 1

Species 1

-




Padrdes Filogeogréficos:
as 5 categorias possiveis

segundo Avise 2000
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Figure 7.6  Different phylogeographic patterns for mtDNA gene cladograms. (a) Cat-

egory I (deep gene tree, major lineages allopatric); (b) Category II (deep gene tree, major

lineages broadly sympatric); (c) Category III (shallow gene tree, lineages allopatric);

(d) Category IV (shallow gene tree, lineages sympatric); (e) Category V (shallow gene (M orrone 2009)

tree, major distributions varied).




m‘l:UE

= = AT
|Clique para aumentar a ampliagdo da pagina inteiraf

~ Cinturéo alpino - atual A

Western Carpathians §

Cinturdo alpino - LGM B

oo BN - o

wi Rodnei Mts.
: Tatra Mts. (2303 m)
(2663 m)
Apusen (€W
2663 m 3 i
i Mountains
1250 m
900 m
500 m
A, Retezat Mts.
o (2509 m)

P=45"00"N

Fégaras Mts.
(2544 m)

Southern Carpathians

9 25 50 75100km

Carpatos

Filogeografia nos

1
SO0E

Ronikier 2011



Fig. 3. Examples of floristic distributions shaping the phytogeographical divisions of the Carpathians (schemadcally outlined by dashed lines).
A, Species limited in the Carpathians to the Western Carpathians: Carex firma; B, species limited in the Carpathians to the South-Eastern
Carpathians: Carex curvula; C, species limited in the Carpathians to the Southern Carpathians: Soldanelia pusilia; D, species endemic to the
Eastern or South-Eastern Carpathians: Silene (Lychnis) nivaliz (dotted line) and Silene zawadzkil (dashed line).

Carpatos
Ronikier 2011
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Campanula alpina
Campanulaceae

Fig. 4. Examples of phylogeographical pat-
terns revealed for alpine plants in the Carpath-
ians. A, Campanula alpina (based on Ronikier
& al.. 2008a): B, Hypochaeris uniflora (based
on Mraz & al.. 2007 and Ronikier, Mraz &
Gielly. unpub. data). The genetic structure was
inferred from the PCoA analyses (exemplified
in insets). clustering analyses and Bayesian
analysis of population structure. Populations
studied are marked with symbols representing
different genetic groups; different colours of
the same symbol indicate additional genetic
subgroups. Lines embedding the groups of
populations outline the hierarchical genetic
structure revealed by the analyses. Arrows in
B indicate not clearly resolved relationships of
the populations from the Apuseni Mts.
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Fig. 4. Examples of phylogeographical pat-
terns revealed for alpine plants in the Carpath-
ians. A, Campanula alpina (based on Ronikier
& al.. 2008a): B, Hypochaeris uniflora (based
on Mraz & al.. 2007 and Ronikier. Mraz &
Gielly. unpub. data). The genetic structure was
inferred from the PCoA analyses (exemplified
in insets). clustering analyses and Bayesian
analysis of population structure. Populations
studied are marked with symbols representing
different genetic groups: different colours of
the same symbol indicate additional genetic
subgroups. Lines embedding the groups of
populations outline the hierarchical genetic
structure revealed by the analyses. Arrows in
B indicate not clearly resolved relationships of
the populations from the Apuseni Mts.
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Carpatos
Ronikier 2011
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Fig. 2. Approximate extension of the alpine belt in the Carpathians. A, An altitudinal model of the contemporary alpine belt in the Carpathians
(areas marked in black). B, A simplified model of the hypothetical extension of the alpine belt during the Last Glacial Maximum (LGM) in
the Carpathians: in white, areas above the permanent snow line during LGM (1600 m for Western Carpathians and 1800 m for South-Eastern
Carpathians): in black. extension of the alpine belt assuming a downward displacement of vegetation belts equivalent to the depression of the
snowline (cf. Tribsch & Schonswetter, 2003). It should be noted that treeless areas extended over even larger areas and that in the highest massifs
with permanent snow cover local glaciers were developed (see also text).



AFLPs, RAPDs, isozimas:

Proteopsis argentea, Asteraceae (isozimas) — Jesus et al. 2001
Cryptocarya aschersoniana, Lauraceae (isozimas) — Moares & Derbyshire 2003
Machaerium villosum, Leg.Pap. (isozimas) - Botrel & Carvalho 2004
Eschweilera ovata, Lecythidaceae (isozimas) — Gusson et al. 2005
Bromus auleticus, Poaceae (isozimas e RAPDSs) - Yanaka et al. 2005

Microssateélites (SSRs) e sequenciamento de marcadores gendmicos
plastidiais (como intron trnL e o espacador intergénico psbA-trnH) e
nucleares (espacador nao codificador ITS nrDNA):
Lychnophora ericoides, Asteraceae — Colevatti et al. 2009
Wunderlichia mirabilis, Asteraceae - Feres et al. 2009
Cedrela fissilis, Meliaceae - Garcia et al. 2011, Mangaravite et al. 2016
Callibrachoa spp. e Petunia spp., Solanaceae — Fregonezzi et al. 2012
Tabebuia impetiginosa, Bignoniaceae — Colevatti et al. 2012
Mauritia flexuosa, Arecaceae — Lima et al. 2014

Amostragens crescentes: 12 populacdes, 192 individuos (Collevati et al. 2009);
40 pops, 220 individuos (Novaes et al. 2010)

Network analysis, AMOVA (Analysis of Molecular Variance), testes de Mantel



AFLPs, RAPDs, isozimas:

Proteopsis argentea, Asteraceae (isozimas) — Jesus et al. 2001
Cryptocarya aschersoniana, Lauraceae (isozimas) — Moares & Derbyshire 2003
Machaerium villosum, Leg.Pap. (isozimas) - Botrel & Carvalho 2004
Eschweilera ovata, Lecythidaceae (isozimas) — Gusson et al. 2005
Bromus auleticus, Poaceae (isozimas e RAPDSs) - Yanaka et al. 2005

Microssateélites (SSRs) e sequenciamento de marcadores gendmicos
plastidiais (como intron trnL e o espacador intergénico psbA-trnH) e

nucleares (espacador nao codificador ITS nrDNA):
Lychnophora ericoides, Asteraceae — Colevatti et al. 2009
Wunderlichia mirabilis, Asteraceae - Feres et al. 2009
Cedrela fissilis, Meliaceae - Garcia et al. 2011, Mangaravite et al. 2016
Callibrachoa spp. e Petunia spp., Solanaceae — Fregonezzi et al. 2012
Tabebuia impetiginosa, Bignoniaceae — Colevatti et al. 2012
Mauritia flexuosa, Arecaceae — Lima et al. 2014

Amostragens crescentes: 12 populacdes, 192 individuos (Collevati et al. 2009);
40 pops, 220 individuos (Novaes et al. 2010)

Network analysis, AMOVA (Analysis of Molecular Variance), testes de Mantel

Padrao comum em muitas especies brasileiras:
variabilidade genética maior dentro das populacdes do que entre populacdes
+ auséncia de correlacado geografica e genética
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Molecular Ecology: INVITED REVIEW AND META-ANALYSES :
Phylogeographical patterns shed light on evolutionary
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Fig. 3 Percentage of phylogeography articles published between 1987 and 2011 according to (a) classes of genetic marker or marker
combinations used (categories are mutually exclusive) and (b) type of environment (see text for details).
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egories are not exclusive to a certain

I paper, see the text for details). The corre-

sponding numbers of times that animals

l (grey) and plants (black) were addressed

in each biome/ecoregion are also indi-
cated.

& > & & & > & 2 & ¥
& & & & ¢ & F F &F T
oF @
o o & \q@ o i I oG o &
& & & & >
L e i M P
¥ A & & & ¥
& & S
& & Q®

Biomes



100 I. M. ANDRADE ETAL.

A "**+e.., ASCEibi
A 2., ASCEmar

. ASCEpac

1000 km

Figure 4. Genetic structure analysis of Anthurium pen-
taphyllum and A. sinuatum showing pure genetic clusters
plotted geographically. Lines group the populations that
contributed individuals to the numbered genetic clusters.
The dotted line shows clusters (1, 2) consisting of Anthu-
rium sinuatum individuals only. Full lines show clusters
(3-8) composed of A. pentaphyllum individuals only. Filled
circles are A. sinuatum populations; open squares are A.
pentaphyllum populations. Approximate area of Amazon
and Atlantic forests prior to European colonization shown
by grey tone. Analysis performed with STRUCTURE
version 2.1 (Pritchard et al., 2000) based on AFLP molecu-
lar data. See Table 1 for population codes.

Anthurium sinuatum

Andrade et al. 2009

GENETIC VARIATION IN N.E. BRAZILIAN ANTHURIUM 97

marcadores AFLP

12 populacdes de

e A. pentaphyllum

(e,

L =
[
T T T T—I . R L5 1

0.02 001

0.03
Coefficient

no4
Figure 2. Unweighted pair group method
Anthurium pentaphyllum and A. sinuatum.
2005) based on a distance matrix computed by
values (only those > 50% shown) derived from 1000 rep!
containing individuals of Anthurium pentaphyllum only;
clusters including individuals of both species.

Computed from AFLP molecular data with NTSYSpc version 2.2d

© 2009 The Linnean Society of London, Botanical Journal of the Linnean Society, 2009, 159, 88-105

with arithmetic averaging (UPGMA) cluster analysis of individuals of

(Rohlf,
RESTDIST module in PHYLIP version 3.66 (Felsenstein, 2006); bootstrap
licate bootstrap analysis computed in PHYLIP. Open bar, clusters
filled bar, Anthurium sinuatum individuals only; chequered bars,



Eugenia uniflora (Myrtaceae)
- AFLP markers — moderate genetic variance among studied populations, with 78.9%
of variability residing within populations.
Populations with a considerable genetic structure (nuclear and chloroplastic DNA markers).
- Data suggest the existence of different glacial refugia and
a limited pollen and seed gene flow,
mainly betwgen the souther_n and SSRs haplotypes
the other regions enclosed in

) . cemp2H cempSH &
the Atlantic rain forest. cemp2L ccmpSH @

) \’\, cemp2L cemp5L O

-

-]
. ﬂ-ﬁ . c’l’
Brazil £ >
AR

Population differentiation in Eugenia uniflora

Salgueiro et al. 2004

Figure 1 Location of five E. uniflora \
\PE

populations on the Brazilian Atlantic Coast:
PE (Pernambuco), RJ1 (Macaé, Rio de

Janeiro), RJ2 (Rio de Janeiro, Rio de Janeiro), ﬁg&;ﬁyﬂ;ﬁ
RJ3 (Ilha Grande, Rio de Janeiro), RS

(Gravatai and Capivari, Rio Grande do Sul). L atl n A .
Each pair of circles represents the relative i BO
percentage of chloroplastic haplotype from America cO
microsatellites (circles at the left) or PCR- D&
RFLP (circles at the right side) analyses in each N EO
population. Their sizes are function of the T F@®
number of samples. The region corresponding G§
to the Atlantic rain forest domain is drawn in H @
light to dark-grey tonalities depending on the 500 Kkm | @

vegetation density.



Extreme long-distance dispersal of the lowland tropical
rainforest tree Ceiba pentandra L. (Malvaceae) in Africa

and the Neotropics
’-‘").' 'r :

Fig.1 Ceiba pentandra clockwise from left
(1) emergent Amazon tree with a person
beside the characteristic buttress trunk
(photo credit R. Gribel); (2) dehiscing fruit
with kapok (photo credit A. Gentry); (3) seed
enveloped in kapok (photo credit C. Dick).

>

Dick et al. 2007

Table 1 List of morphological and cyto-

Rainforest form Cultivated form Savannah form logical character differences between three
forms of Ceiba pentandra. Only the rainforest

Trunk spiny (prickles) Trunk usually spineless Trunk spineless form (column 1) is found in Africa and

Buttress large Buttress small Buttress none Neotropics. The cultivated form, which

Branches horizontal Branches ascending Branches strongly ascending shows intermediate features, is widely

Trunk straight Trunk straight Trunk often forked planted is Southeast Asia (modified from

Reproduction superannual Reproduction annual Reproduction annual Table 1 in Baker 1965)

Leaves narrow Leaves broader Leaves broadest

Fruit capsule dehiscent Fruit capsule indehiscent Fruit capsule dehiscent

Chromosomes 2n = 80, 88 2n = 72-80 (variable) 2n=72




French Guiana

Gabon
Panama #20 Ghana
Cameroon
|
i 3
[
Costa Rica
Panama 299

Western Ecuador

Western Amazon Eastern Amazon

Dick et al. 2007

6* Senegal

139, 141

Bimbia,
Cameroon

Fig. 3 Shallow phylogeographical struc-
ture of Ceiba pentandra is indicated by the
ITS haplotype network (see also Fig.2).
Hatch marks indicate nucleotide changes
at numbered positions in the consensus
sequence. Sites 299 and 224, represented by
dashed lines, were heterozygous in some
individuals in Manaus. The substitution at
site 413 is homoplasic in haplotypes 1 and
4 in this network. The squared haplotype
is from the savanna form of C. pentandra.
“represented by a single individual.



Extreme long-distance dispersal of the lowland tropical
rainforest tree Ceiba pentandra L. (Malvaceae) in Africa

and the Neotropics Dick et al. 2007
ol -4 Q
v
m17 O
- v
; '3
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§ i_6 Q 13@
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Fig. 2 Geographical distribution of ITS (upper semicircle) and psbB-psbF (lower semicircle) haplotypes sampled from Neotropical and
Western African Ceiba pentandra. The square haplotype (site 17, Senegal) represents the savanna form. Numbered collection sites correspond
to column one in Table 3. Hatches correspond to numbers of nucleotide substitutions in the haplotype networks. Identical psbB-psbF and
ITS haplotypes across the Andes and between Africa and the Neotropics are evidence of long-distance dispersal.



Extreme long-distance dispersal of the lowland tropical
rainforest tree Ceiba pentandra L. (Malvaceae) in Africa
and the Neotropics

Dick et al. 2007

Table 2 The observed (K ;) and expected (Kexp) levels of nucleotide divergence between disjunct Ceiba pentandra populations is presented
for ITS and cpDNA under as a test of vicariance hypotheses. The expectations are conservatively based on the slowest published rates of
nucleotide substitution for ITS (Hamamelis), and the published rate for Adansonia, which is close to the mean of published ITS rates. The

cpDNA expectations are based on slowest estimates for synonymous substitutions in the chloroplast genome. All values represent
percentages of pairwise nucleotide divergence

ITS Kexp ITS Kexp ITS cpDNA cpDNA
Vicariance event Time T Hamamelis Adansonia K s Kexp K
Gondwana vicariance > 06 ma >7.30 > 5491 0-04 >19.2 0
Boreotropical dispersal > 35 ma > 2.66 >20.02 0-0.4 >7.0 0
Andean uplift >3 ma >0.23 >1.72 0 > 0.6 0-0.1




Hymenaea stigonocarpa — Leg.Caes.
Ramos et al. 2007

Ramos et al. — Phylogeography of Hymenaea stigonocarpa 1221

0 600 km

Fig. 1. (A) Map of Brazil and distribution of cerrado vegetation in grey. (B) Approximate geographic location and plastid DNA haplotype frequencies of
the populations of H. stigonocarpa studied. Circle size is proportional to sample size and colours represent the different haplotypes as shown in the key.



Plathymenia reticulata (Leguminosae-Mimosoideae) - vinhatico

41 pops trnS-trnG e trnL-trnL-trnF  cpDNA
PHYLOGEOGRAPHY OF P. RETICULATA IN ETSA 991

Table 3 Molecular diversity indexes of eight groups of Plathymenia reticulata populations from different biomes and geographic
regions

individ Allelic Number of Haplotype Nucleotide

Group Indivi nUOS richness* Lineages diversity (SE) diversity (SE)

All populations 220 9.27 7 0.90 (+ 0.01) 0.0025 (+ 0.0014)
Atlantic Forest 86 4.42 3 0.70 (+ 0.04) 0.0010 (+ 0.0007)
Cerrado 114 8.05 6 0.88 (= 0.01) 0.0028 (+ 0.0015)
Ecotone 20 3.00 1 0.79 (= 0.03) 0.0028 (+ 0.0016)
Central Regiont 110 9.59 8 0.91 (+ 0.01) 0.0030 (+ 0.0016)
Central North MGt 36 7.60 5 0.91 (= 0.02) 0.0028 (+ 0.0016)
Northeastern Brazil§ b6 1.84 3 0.42 (+ 0.06) 0.0009 (+ 0.0006)
Southern Cerrado¥ 30 1.90 1 0.58 (+ 0.04) 0.0004 (= 0.0004)

*Allelic richness after rarefaction to 20.

tPopulations from MG and GO states (see Table 1).

fPopulations delimited by the dashed rectangle in Fig. 2, i.e. CGC, GMC, IBC, JAC,
§Populations from the Atlantic Forest to the north of the Rio Doce Valley, including t
ADE, APF, BOF, BPF, CREF, IPF, JDE, LEE, RUF, SBF and SOF.
Y Cerrado populations located at latitudes higher than 20° S, ie. ASC, FUC, MGC, SM

Novaes et al. 2010



Dados combinados de trnS-trnG e trnL-trnF
revelaram 18 haplotipos estruturados geograficamente (8 linhagens)

(a) I11

One mutational
step

Phylogeography of Plathymenia reticulata
(Leguminosae) reveals

patterns of recent range expansion
towards northeastern Brazil and
southern Cerrados in

Eastern Tropical South America

(b)

79

63

Vil

v

74

62

VI

G
M
=H lv
J
0
K
Q
N

vil

Novaes et al. 2010

Fig. 1 Estimated relationships among
the 18 ¢cpDNA haplotypes of Plathyme-
nia reticulata. (a) Statistical parsimony
network and (b) maximum parsimony
consensus tree with bootstrap values
> 50. The haplotype and lineage codes
correspond to those in Table 2 and
Fig. 2. The empty circles (a) and rectan-
gles (b) delimit the eight lineages; their
colours are equivalent among them and
to those in Fig. 2b. The full circles sizes
(a) are proportional to the number of
individuals.
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Fig. 2 Distribution and frequency of (a) the 18 cpDNA haplotypes and (b) the eight lineages of the network across 41 Plathymenia re-
ticulata populations. In the South American map at the upper-left, the current distribution range of P. reticulata is represented in red.
The distribution of ETSA biomes are in grey. The haplotype and lineage colours match those in Fig. 1. The cirdes sizes are propor-
tional to the frequency of the haplotype. The dashed rectangle delimits the region in central-north MG with high genetic diversity
(see text). The two-letter abbreviations correspond to Brazilian states; the three-letter abbreviations correspond to the population
codes in Table 1 and their third letters represent the biome of origin of the population; C, Cerrado; E, Ecotone; F, Atlantic Forest.
a.sl., above sea level. The arrow points to forest enclaves in the northeastern Caatinga. The Brazilian states are: BA, Bahia; CE, Ceara;
ES, Espirito Santo; GO, Goias; MG, Minas Gerais; MS, Mato Grosso do Sul; PE, Pernambuco; PI, Piaui; R], Rio de Janeiro; SP, Sao
Paulo; TO, Tocantins.

‘ 8 linhagens
'das 41 pops




Padrdes filogeograficos:
maior diversidade genética na area central
+
poucos haplétipos das periferias sdo comuns
aos da éarea central
+

“long-branched star-like network”

2005

B > 1000 m as.l
I Atlantic Forest
| Cerrado

| Caatinga

Padrdes sugerem expansao recente da
distribuicdo de Plathymenia reticulata a partir
das fontes da regido central.

Origem recente das espécies (Pleistocene
inferior) ou extingcao de algumas pops devido a
climas mais secos ou mais frios no LGM ?

One mutatia
step

Novaes et al. 2010

8 linhagens



Tibouchina papyrus (Melastomataceae) - arvore-do-papel
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Figure 1. The sample sites of Tibouchina papyrus populations in Central Brazil. NAT, Serra da Natividade, Natividade, TO; PIR, Serra dos Pirineus (PIR),
Pirenépolis, GO; SDO, Serra Dourada, Cidade de Goias, GO. White lines are the state divisions. Black lines are the main rivers in the studied region.

474 individuos das 3 localidades:
Serra dos Pirineus, Serra Dourada, Serra de Natividade.

Polimorfismos no cpDNA e nos loci de microssatélites
nucleares

Colevatti et al. 2012



Filogeografia de Tibouchina papyrus (Melastomataceae)
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Figure 2. (A) Median-joining network based on the sequences of chloroplast noncoding regions from 96 individuals of Tibouchina papyrus from
three localities in Central Brazil. Circumference size is proportional to the haplotype frequency. Haplotypes corresponds to those described in S1. All
mutations are shown in the network, mv1, median vector. Different colors were assigned for each population: NAT, black; PIR, red; SDO, blue. (B) The
model of bidirectional expansion of ancestral population from PIR to SDO and NAT. The arrows show the possible paths following the hills with two
possible paths from PIR to NAT.

Colevatti et al. 2012



Filogeografia de Tibouchina papyrus (Melastomataceae)

Analise de coalescéncia: estimativa de tempo de divergéncia
desde o ancestral comum mais recente (TMRCA).

Fluxo génico entre pops das 3 areas quase ausente + genoma plastidial com tempo de
coalescéncia antigo: TMRCA datou de ~836.491 + 107.515 kyr BP

distribution disjunta atual pode constituir relicto climatico:

Expanséao bidirectional da distr. geogr. original favorecida pelas condicdes mais secas e frias
gue prevaleceram em larga extensédo do Brazil durante a Glaciagéo Pre-lllinioiana,

seguida de retracdo a medida que o clima ficou mais quente e imido.

Colevatti et al. 2012

Gellale, GO

150



Fl LOG EOG RAFIA processos genéticos demograficos

Lychnophora ericoides, As

No ambito populacional,
marcas de eventos ambientdis

teraceae Collevatti et al. 2009

Collevatti et al. — Phylogeography and disjunct distribution of Lychnophora
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Epidendrum cinnabarinum

E. secundum (B)

Orchidaceae

- Hrazilian Adlmabic Forest |

Cumalinga
Cantings montane scoregions

Chapada [Mamantina

PFlanalio da Borborema

Pinheiro et al. 2014

Rock outcrop orchids reveal the genetic
connectivity and diversity of inselbergs
northeastern Brazil

of

%

Riomes
- Bearilian Allaniic Fores|
Caalingz
Caatinga montane ecoregions
Chupada Diamanang

Planalin 43 Borharema

MC
—

Figure 1 Geographic distribution of sampled populations. Maps showing sampled populations of Epidendrum cinnabarinum (A) and E secundum
(B), and respective plastid DNA networks for each species (C and D). Pie charts reflect the frequency of occurrence of each haplotype in each
population. Haplotype colours correspond to those shown in networks. Pie charts with solid and broken outlines indicate Caatinga and Brazlian Atlartic

Forest populations, respectively. Nuclear genetic groups are indicated for £. secundum (Muclear cluster 1
parsimany networks (Cand D), the haplotype frequencies are propartional to cirde sizes. The number of mutations required to explain transitions

among haplotypes is indicated along the lines connecting the haplotypes by cross hatches.

black; Muclear dluster 2 — grey). In the statistical




Genetic Structure Is Associated with Phenotypic Divergence in Floral Traits
and Reproductive Investment in a High-Altitude Orchid from the

Iron Quadrangle, Southeastern Brazil Leles et al. 2015
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Fig 3. Genetic structure of Cattleya liliputana populations. (a) Genetic bamier (dotted line) estimated by Monmonier’s maximum difference algorithm. (b)
Representation of Bayesian clustering analysis of seven populations of Cattieya lijputana based on seven microsatellite locifor K = 2. (c) Delta K graphic of

the average likelihood for each K based on ten runs. (d) Representation of Bayesian clustering analysis of seven populations of Cattieya liliputana for K = 3.
Different colours represent different genetic clusters. Populations are separated by vertical bars. For population names see Table 1.




Cattleya liliputana,
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Orchidaceae @ o
Iron Quadrangle, | IR 1
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Fig4. Morphological and genetic divergence of Cattieya liliputana populations. (a) Principal
component analysis for microsatellite markers of Serra do Caraca (black) and core 1Q (grey) individuals. (b)
Representation of the scores of first and second canonical axes of CVA using 18 floral and eight vegetative
continuous traits. (c) Dendrogram of morphological relationships constructed using Mahalanobis generalized
distance clustered with paired group and Manhattan similanty algonthm. Bootstrap support was obtained by
1,000 replicates. Cophenetic correlation = 0.9703. (d) Phenotypic divergence in floral traits for Serra do
Caracga (black dashed line) and core IQ (grey solid line). MLBL, medium lobe base width; LLH, lateral lobe
high; CW, column width; CL, column length. These characters correspondto numbers 3, 7, 26 and 25,



Cattleya liliputana, Orchidaceae, Iron Quadrangle, Southeastern Brazil

Leles et 15 . 44°00°W 43°30'0"W
B Above 1000m / '

- Om
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Fig 1. Sampled populations of Cattleya liliputana occurring in the Iron Quadrangle. (a) Espinhaco
Range Region above 1,000 m a.s.l. in eastern tropical South America. (b) Altitude map of the Iron
Quadrangle showing the Cattleya liliputana populations analysed in the study.




Cattleya liliputana, Orchidaceae
Iron Quadrangle, Southeastern Brazil

Leles et al. 2015
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Fig 6. Climatic structure of mountain areas above 1,300 m a.s.l. in the Iron Quadrangle, Brazil. (a) Random points sampled for climatic variables are
coloured according to geographic region; Green, west region; Red, south region; Blue, east region; Pink, Serra do Caraga region. (b) Principal component
analysis of sampled points according to annual mean precipitation; annual mean temperature; mean diurnal temperature range; minimum temperature of t
coldest month; predicted evapotranspiration; vegetation index at July and altitude.
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Figure 1

Random genealogies of five gene copies drawn from a stationary population (leff panels) or from a population
having gone through an instantaneous demographic expansion that occurred 500 generations ago (right
panels). In our simuladons, Ny = 100 and Ny = 10,000. Note that the admescales are in number of
generations and that they are different for each genealogy. Red stars represent mutation events happening
randomly along the genealogy according to a Poisson process.




KOOPMAN & BAUM—ISOLATE AND IDENTIFY LINEAGES WITHOUT MONOPHYLY

763

ISOLATING NUCLEAR GENES
AND IDENTIFYING LINEAGES
WITHOUT MONOPHYLY:
AN EXAMPLE OF CLOSELY
RELATED SPECIES
FROM SOUTHERN MADAGASCAR

iz
%l‘n\-’
Meg|stosteg|um M. perrieri

M. microphyllum
(endémico de Madagascar)
Malvaceae
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Koopman & Baum 2010

Mozambique Channel

-
—~—-

Cap Sainte Marie



CLOSELY
RELATED SPECIES
FROM SOUTHERN MADAGASCAR

Megistostegium
(endémico de Madagascar)
Malvaceae

Koopman & Baum 2010

I QpTcizgagegsen

M. perrieri M. microphyllum M. nodulosum
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H
1 M. perrieri
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: (O South
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— Qs sharees

Cap Sainte Marie

Fig 2 Maximum likelihood trees and haplotype networks for each locus. Bootstrap suppornt valees are indicated above branches. Green,
Megustostegiom perners; orange, Megstostegiem nodulosins, pink, Megistostegison microphyibem. Solid shading, southern population; striped,
western population; checked, eastern population.



Quercus 3 spp
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Quercus 3 spp.

Marcadores
nucleares
(AFLPs + ITSs)
e
cpDNA

Lopez de Heredia
et al. 2007
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Fig. 3. ITS consensus parsimony tree after 100 bootstrap
resampling. Only bootstrap values higher than 50% are
indicated. Codes like in Appendix 1. Chloroplast DNA line-
age of the accession is indicated. O, i-c | O, i-c ll; ©, i-c lil;
A: suber, n.a.: no cpDNA analysis.
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Fig. 4. Consensus unrooted dendrogram of Q. ilex, Q. coccifera and Q.
similarities (Dice coefficient) with the UPGMA clustering method. Boots
1,000 replications). A, Q. ilex (lineage i-c I); B, Q. ilex (lineage i-c ll); C,

. suber accessions constructed from AFLP fragment
trap values of the branches >75 % are indicated (after
Q. coccifera; D, Q. suber (lineage suber: Tyrrhenian

accessions); E, Q. suber (lineage suber: Iberian accessions); F, Q. suber (lineage i-c).
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Neogene origins and implied warmth tolerance of Amazon tree species
Backbic o190/ ) Dick et al. 2012
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Figure 1 Hypothetical example illustrating niche conservatism, ecological niche

modeling, and species delimitation.
Conservantismo de nicho b
+

Modelagem de nicho +
Delimitacao de espécies

Wiens & Graham 2005

(@ Two sets of allopatric populations occur in
two geographically separate montane regions. One set (open circles) is a previously
described species, the other set (closed circles) is of unknown taxonomic status. ()
Ecological niche modeling shows that the two sets of populations share a similar cli-
matic niche envelope (shown in gray). The intervening lowland areas between the
montane regions are outside the envelope of acceptable environmental conditions,
which suggests that niche conservatism may prevent gene flow between these two sets
of populations and supports the hypothesis that they are distinct species. @) The two
sets of populations share a similar climatic niche envelope, but this niche envelope
also includes the areas between them. This result suggests that niche conservatism is
not important in isolating them and that there may be ongoing dispersal and gene flow
between them (if no other barriers are present). This pattern would not add support
to the hypothesis that they are distinct species. @) The two sets of populations have
dissimilar climatic niche envelopes (illustrated here by the restricted niche envelope of
the known species). This result suggests that past niche evolution (and current niche
conservatism) maintains the geographic separation of these populations and supports
the hypothesis that they are distinct species.



Padrdes esperados em consequéncia de Conservantismo de nicho

TABLE 1

Expected pattems resulting from niche conservatism

X padrdes que rejeitam o modelo

Topic

Pattern predicted From nkehe conservalism

Pattern that re jecis niche conse rvatism

Adlopatie spaciation

Higorical
bloge agraply

Spedies Nnchness

Community stmcnire

[ivasive apec e

Climate change

{ global warming

Human hisiory and

;|_:.'I1n.‘|||I||I-.‘

Allopatdc sisber spacies have sdmilar niche charactensic s, geographic amathal
separaie s them s outslde of thelr climatic nlche emelope (see also Wiens 2004010

Limite d dispersal betwee n different climatic reglmes (e.g., tlempemiz, troplcal,
meshe, o ard) mlatve towithinselimate regimes; species and clades Fail 1o
disperse into geographically adjacent reglons with diffe me ot climatie regime s

{a) Group with high tropical species nchness will orignate o tropical reglons
{as shown by ancegral area reconstrac ion on a phylogemy s, (0 significant
n |;|IIII|'|'J'|I|'I Petween amount of time the crouap has been e sEnl n each megon
and mamber of species inoeach eglon ieg,, Sephens & Wiens 2003,
and () distobution of ¢ool winter tempe ranres predics polesand range Himie
af many or most tropical lneages in the group { Wiens & Donoghuoe 2004),;
cxpect almilar patterns forancestmlly empemie groups or for groups inoarkd

YOS MEsC Enyimnnenls

In a given reglon, the absence of a given gulld is explained by speciall zed
climatic tolemnoes that Bmit the large-acale dispemsal of the clade representing
that guild; ¢limatie variables predict range s of ¢lade and do not overpradic
ik the reg bon or community in queston; geographic disributon of pokntkal
competitors do nat abut the range of the clade bot nsiead are either broadly

dispnct or broadly overlapping

Climatie cond itons in fmvaded region similar (o those of native mnge; niche
modeling of native mage predic s some o all of Intmoducad mn ge (Peberson

Species mnges will shift o rack their ancesal § prewarmingd climatic regime;
cealogheal niche emains the same over time bt geographic distnbutons do nol

liewand shift)

Similar o lnvasive species; for domesticaied species, expect that ecokagical niche
model of thelr native { nondomesticaied _5.--.‘|.l_:.-I;||'l||In." chisribiticn will |'l|-."|.||n."| i

different reghons with similar clivaies where these species am ubilzed today

Aopza that separates allopatnie siser spacies s within teir climatic niche
ermelope; nonclimatic barke s separate them e.g., dwer or ooean)

|_'II\|'I."I'u;|| beetween diffe rent climatic MEgmes -."|.|||;|| Lo ar grealer than
dispersal within-climatic regimes; dispe rsal within group s limiie d only
by nonc limatie bamiers (e.g,, Avers or oeeans Tor ierpegrial organisime)

{a) Desplite higher species richness intropical region, group orginaied in
temperate regions, (0 group dispersal (o tropical reghons relatively
recently, despibe highe rspecie s nchness the e, which suggests thal
latitudinal diffe ences nspocbes dehne s arose prmarily from atinadinal
differences in raies of divesificadon (mte of gpeciaton—rate af
extinetion), and (¢} even IF group amse intropieal eglons and dispered o
tem pemte reglons recently, cool winter empem s do not predic
poleward mnge lmis of tropical Ineages, and poleward disperse & Hindted
ingtead by tmditional hiogasgraphic Frmers(e.g,, waken or other climatic

vanables (e.g., Hmited precipliation)

Emiimonmental niche envelope for the gulldilade includes the community
arreglon in which itisabeent, which suggesis that competigon or other
facrs prevent clade from entering the eglon orcommunity; i
competition Is important in seiting mnge limie, then potential compe dions
are expecicd o geographic lly abut range of absent ¢ lade

Significant differences between climatic conditions in native and introd uoed

ranges, niche modeling of native range faills oo pradict in ooduced range

Species adapt and shift en ironmental ©lemnces o cope with changing
climgate mther than changing geographic mnge sa poed eied ) eoological
niche changes and gesgraphic disribution remaing the same or changes in
opposie direction than expedted (e, towand equator)
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environmental niche -.‘ln--.‘|l.l|'l.'“ of the native (nondomestic bed |'|,||'||||;||||,|||~.

Wiens & Graham 2005



VIOLACEAE Viola - ¥ das spp da familia
Evolucéo de nicho?
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N. E. de Lima et al.

Journal of Biogeography (. Biogeogr.) (2014) 41, 673-686

P Phylogeography and ecologijcal niche

aalldill modelling, coupled with the fossil pollen
record, unravel the demographic history
of a Neotropical swamp palm through
the Quaternary

ccurrence
3‘;3:3;3 Natdcia Evangelista de Lima', Matheus S. Lima-Ribeiro?,
giﬁ::ﬂg Carla Faleiro Tinoco', Levi Carina Terribile’ and Rosane G. Collevatti'*
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Figure 4 Estimated frequencies of occurrence for Mauritia flexuosa in the Neotropics, based on the consensus of the 13 ecological niche
models and 5 atmosphere-ocean global circulation models used for modelling the palaeodistribution at (a) 21 ka, (b) 6 ka, and (c) 0
(present).

Filogeografia +
modelagem de
nicho ecoldgico:
Histdria demografica
no Quaternario

Mauritia flexuosa
Arecaceae

Lima et al. 2014




Figure 7.3 Types of species range
dynamics. (a) Stasis; (b) stasis
postexpansion; (¢) age and area;
(d) evelic; (e) idiosyncratic.

Filogeografia e
Biogeografia Ecologica:

Filogeografia ajuda a identificar qual das
classes de dinamica de
distribuicdo corresponde a
uma dada espécie analisada
(Gaston 2003)

PALEOFILOGEOGRAFIA
(Betancourt 2004)
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Morrone 2009
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BIOGEOGRAFIA HISTORICA

“What biogeography is: a place for process”.
‘Vicariancia e dispersao sao atributos das distribuicoes
bidticas. A Filogeografiatem grande potencial em

ajudar a determinar qual desses processos gerou
os padroes observados’.

R. M. McDowall 2004

J. Biogeogr. 31.



SINTESE EMERGENTE
Methodology for creating geophylogenies NA B IOG EOG RA F IA ’7

Geophlogenies can be generated in Keyhole Marku

Language (KML) format from a phylogenetic tree anﬁ-- Modelos de BiOgeograﬂa ECO|égiCa
Incorporando Filogenias
e Filogeografia
(Wiens & Donoghue 2004,
Hawkins et al. 2006,
Riddle & Hafner 2006)

GeoPhylo: an online tool
for developing visualizations
of phylogenetic trees
in geographic space

. ._z,,(;()oglc

Data 810, NOAA, U.S. Navy, NGA GEBCO
21°22'05.92° N  156°5803.34" W Eyealt 177.18km O

Hill & Guralnick 2010
Ecography

Figure 1. The phylogeny of Banza as reported in Shapiro et al.
(2006) here presented as a geophylogeny similar to that of Page
(2008) but built using the automated services of the GeoPhylo
Engine. See the “Examples” section of the GeoPhylo Engine

website for details on this geophylogeny.



A step-wise approach to integrating phylogeographic
and phylogenetic biogeographic perspectives on the
history of a core North American warm deserts biota

Riddle & Hafner 2006

Development of a five-step approach for analysis of historical relationships among
areas of endemism using a set of 22 clades (9 mammal, 7 bird, 4 reptile,
1 amphibian, and 1 cactus) drawn from the warm deserts biota of western North America:

Biota with a complex biogeographic history, but with substantial support for the influence of
several major vicariant events in the diversification and assembly of the aridlands biota.

Discuss and demonstrate the reciprocal strengths (and weaknesses) of phylogeography and
phylogenetic biogeography for defining areas of endemism, analysing vicariance
and dispersal, and dealing with temporal and spatial pseudo-congruence.



5 steps approach to integrating phylogeographic and phylogenetic biogeographic
erspectives on the history of a core biota Riddle & Hafner 2006

@ Delineate the biota of interest, units of analysis, and distributional areas
Data: Phylogeographic-scale; phylogroups

Disfributfional Areas: Based on phylogeographic studies and physiographic features

@ Delineate initial set of areas of endemism
Data: Phylogroup distributions across distributional areas

Method: Parsimony Analysis of Endemicity (PAE) to identify core areas of endemism

@ Determine general divergence structure (vicariance or geo-dispersal)
Data: Cladograms with phylogroups as terminal units of analysis

Method: Phylogenetic biogeography (Brooks Parsimony Analysis; primary BPA)

@ Resolve departures from general divergence (resolve reticulate area relationships)
Data: Cladograms as in step 3, re-coded after duplicating reticulate areas

Method: Phylogenetic biogeography (secondary BPA)

@ Test hypotheses of taxon and biotic histories generated in steps 3 and 4
Data: Phylogroup distribuitions; geographic-genetic architecture within phylogroups

Methods: Phylogeographic statistics; additional phylogenetic analyses




uso de PAE como etapa de estudo filogeografico nos desertos da América do

Norte

Riddle & Hafner 2006

438 B.R. Riddle, D.J. Hafner | Journal of Arid Environments 66 (2006) 435-461
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Fig. 1. Shaded areas are regional warm deserts, generally as delineated by Shreve (1942), but with recently
suggested updates (the Peninsular Desert separate from the Sonoran [Hafner and Riddle, 1997]; addition of



Analysis of historical relationships
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Fig. 2. Taxonomic cladograms used in this study (source literature in Table 1). Gray-shaded lineages—and so
their biogeographic distributions—were trimmed prior to BPA analyses (see text for discussion). Question marks
on cladograms o and p indicate uncertainty about sister-group relationships beyond the sister-taxa depicted.
Original sources given in legend of Table 1.
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Fig. 5. Final PAE parsimony tree (top) and postulated areas of endemism comprised of one or more
distributional areas (bottom). Numbers indicate endemic/widespread taxa.
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SINTESE EMERGENTE NA BIOGEOGRAFIA ?

1. Modelos de Biogeografia Ecoldgica incorporando Filogenias e Filogeografia
(Wiens & Donoghue 2004, Hawkins et al. 2006, Riddle & Hafner 2006, Hill &
Guralnick 2010)

2. Paleobiogeografos empregando métodos filogenéticos modernos (Kuch et al.
2002, Lieberman 2003, Doyle 2008)

3. Estimativas mais refinadas de tempo de divergéncia (relogios moleculares
relaxados) serao consistentes com registro fossil (Renner 2005, Won & Renner
2006, De Baets et al. 2016).

4. Filogeografia aproximando as perspectivas modernas e paleoecolbgicas —
biotas do Nedgeno superior (Riddle & Hafner 2004, Betancourt 2004, Swenson
2008)

Chance

Lomolino et al. 2006

Stochastic
biogeography

Baker et al. 2014
5. Geogenbmica — testes de hipbéteses geoldgicas
por meio de dados bidticos evolutivos.

Balanced
biogeography

Historical

Ecological
biogeography

biogeography

Ecology History

Morrone 2009



GEOGENOMICA
Baker et al. 2014

Earth-Science Reviews 135 (2014) 38-47
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Modelo de Biogeografia Integrativa
gue discutiremos em classe

TRENDS in Ecology and Evolution Vol.19 No.12 December 2004 Full tex: proviced by w.scienced
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Historical biogeography, ecology and
species richness

John J. Wiens' and Michael J. Donoghue?

Wiens & Donoghue 2004

ecologia
+ filogenia
+ microevolucao
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Y

Precipitation

TRENDS in Ecology & Evolution

Figure I Hypothetical example illustrating niche conservatism and niche
evolution. Different colored dots on the map and graph indicate localities for
members of three clades. Lighter shades of red indicate colder yearly minimum
temperatures. Two of the clades (blue and green) exhibit niche conservatism.
Species in these clades are confined to tropical climates and fail to invade
cooler regions in North America, southern South America, and high elevations,
despite their geographical proximity to these areas (we assume that their
spread into these regions is not limited by competition). The third clade (black
dots) exhibits niche evolution relative to the other two. This clade has invaded
temperate regions (presumably by evolving tolerance to freezing winter
temperatures) and no longer occurs in the ancestral tropical climatic regime.



Hubble 2001

The Unified Neutral Theory of Biodiversity and Biogeography

a general neutral theory to explain the origin, maintenance,
and loss of biodiversity in a biogeographic context.

Although neutral, Hubbell's theory is nevertheless able to generate many nonobvious, testable, and remarkably accurate
quantitative predictions about biodiversity and biogeography.

In many ways Hubbell's theory is the ecological analog to the neutral theory of genetic drift in genetics.

The unified neutral theory of biogeography and biodiversity should stimulate research in new theoretical and empirical
directions by ecologists, evolutionary biologists, and biogeographers.
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Figure 2.3 Balanced biogeogra-

phy, as envisioned by Haydon

et al. (1994), based on the

complementary roles of ecology, Morrone 2009
history, and chance.



