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Hello everyone, thanks for comming. First of all, I’d like to thank Laura for the invitation and for the introduction as well. Well, first when Laura invited me to give this talk I 
first thought I could maybe talk about one of my papers that came out recently. But then I thought, nah, that’s too easy… and I decided to show you a working in 
progress, which are results I got from my previous post doc in Gothenburg (Göteborg), Sweden. For the 2nd half I’ll show the questions I’m trying to answer right now 
with the current post doc project, and hopefully receive some feedback. So as I said I did a post post in Gothenburg in 2015, spent 6 months there (short project), and 
then I moved back to Brazil and started four months ago with this new project.

mailto:dbprovete@gmail.com
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1. Background – The Atlantic Forest (Hotspot) 
• Models for explaining biodiversity in AF 
• Anuran amphibians diversity in AF 

2. Results from previous post doc at Göteborg, Sweden 
• GeoSSE – rates of speciation and extinction between refugia/non-

refugia 
• Phylogenetic community structure 
• Partitioning PhyloBetaDiversity – nestedness-resultant and turnover 

3. Quick overview of the questions of my current project 
• Linking macroevolutionary and ecological mechanisms to understand 

current distribution of vertebrate diversity 
• Phenotypic hotspots 
• Equilibrium/non-equilibrium mechanisms 
• Adaptive landscape of body size and clutch size evolution 
• Role of climatic niche on the rate of evolution of body size in a 

continental fauna

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



Almost a third (26.6%) of the Brazilian population is 
concentrated along the East cost.

11.4 - 16 % of the original coverage remains

Many endemic species

~ 92% of AF amphibians are endemic to this biome
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Ribeiro et al. 2009 Biol. Conserv.
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MODELS TO EXPLAIN AF 
BIODIVERSITY



Climatic stability throughout the Pleistocene

Imprint on present species composition and intraspecific 
lineage diversification

Climatic refugia may have contributed to species diversification 

Phylogeographical studies found expanding populations in 
southern AF 
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Carnaval et al. 2009 Science, Carnaval & Moritz 2008 J. Biogeog 



absence maps obtained under current, 6 ka bp and 21 ka bp

projections yielded by both BIOCLIM and MAXENT models.

This combined area map depicts areas which were potentially

occupied by forests during the climatic oscillations of the late

Pleistocene and Holocene. Refugia or historically stable areas

were defined as those grid cells for which forest presence was

inferred in all models and time projections.

Palaeoclimatic model validation and comparisons
with patterns of endemism and with
phylogeographical data

Predicted past ranges were qualitatively evaluated against

vegetation types inferred from pollen records at sites located

within the current or predicted range of the Atlantic forest, as

well as in areas currently occupied by the neighbouring

Cerrado – a savanna-like biome. To that end, we used all

available pollen data dating from or around the 6 ka bp and

21 ka bp periods between latitude 3! S and 33.7! S and

longitude 58! W and 34.8! W, excluding sites located in the

Amazonian forest biome. For the 6 ka bp period, records were

available from 11 localities, representing 10 spatially unique

points at 30¢¢ resolution; for the 21 ka bp period, data existed

for four sites (Tables 1 & 2, Fig. 4).

Hypothesized refuge areas were compared with published

patterns of species diversity and endemism for birds (da Silva

et al., 2004), mammals (Costa et al., 2000), butterflies (Tyler

et al., 1994), bamboo species (Soderstrom et al., 1988) and

woody plants (Prance, 1982). They were also contrasted with

molecular data available for the local fauna (see below). In

both instances, we would expect to find evidence of high

species endemism and high genetic diversity in major areas of

predicted stability (refugial zones) and, in contrast, lower

BIOCLIM,
6 ka BP

MAXENT,
6 ka BP

BIOCLIM,
21 ka BP

MAXENT,
21 ka BP

Atlantic forest 
narrower definition 

Atlantic forest 
broader definition 

Figure 2 Modelled ranges of the Atlantic forest under narrow
and broader definitions, 6 ka bp, and 21 ka bp climate using
BIOCLIM and MAXENT modelling approaches. Scale
bar = 500 km.

Historically stable areas
Atlantic forest narrower definition 

Historically stable areas
Atlantic forest broader definition 

Bahi a r  efuge 

Pernambuco refuge
S. Francisco river 

Doce river 

Bahi a r  efuge 

Pernambuco refuge 
S. Francisco river 

Doce river 

Figure 3 Summary maps of historically stable areas for the
Atlantic forest under narrow and broader definitions, obtained by
summing across BIOCLIM and MAXENT output grids for forest
absence/presence under current, 6 ka bp and 21 ka bp climatic
scenarios. White lines depict the São Francisco (top) and Doce
(bottom) rivers. The arrow indicates the small refuge predicted at
the boundaries of the states of Espı́rito Santo and Rio de Janeiro.

A. C. Carnaval and C. Moritz

1190 Journal of Biogeography 35, 1187–1201
ª 2008 The Authors. Journal compilation ª 2008 Blackwell Publishing Ltd
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Carnaval & Moritz 2008 J. Biogeog
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Geographic barriers (e.g., Mountain ranges of southeast)

Allopatric and parapatric speciation

(most) Anurans are highly dispersal limited, depend on 
humidity

Many small-ranged species in the AF

Strong environmental gradients that could foster ecological 
specialization
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Villalobos, Provete et al. 2011 PLoS One, Thome et al. 2008 Mol. Ecol



”Atlantis" Forest Hypothesis

Forest expansion during LGM into the [now submerged] 
continental shelf

Against the ”refugia hypothesis"

DNA coalescence model for small mammals

Increase of suitable areas all most species
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level of error [26], range maps represent the areas where a
particular species can be expected to occur, and it will be
expected to be found only in suitable habitats within these areas
[6]. Thus, overprediction is an inherent methodological limita-
tion of these kinds of range maps [27]. Within a macroecological

perspective, however, they may function very well at grains
greater than 50650 km [28]. That is to say, although the IUCN
amphibian maps might include either over- or underpredictions
[26], using range maps is presumed to be as reliable as more
refined information regarding a given species distribution (e.g.,

Figure 1. Major Atlantic Forest eco-regions, modified from the World Wildlife Fund designations (A): AMF = Araucaria Moist
Forests; APF = Alto Paraná (semideciduous/deciduous) Forests; BCF = Bahia Coastal (moist) Forests; BIF = Bahia Interior
(semidecidual/decidual) Forests; PCF = Pernambuco Coastal (moist) Forests; PIF = Pernambuco Interior (semideciduous) Forests;
and SMCF = Serra do Mar Coastal (moist) Forests. Biogeographic regions based on the anuran fauna generated through k-means clustering
with v-fold cross-validation (B).
doi:10.1371/journal.pone.0104130.g001

Biogeographic Regions of Anurans in the Atlantic Forest Hotspot

PLOS ONE | www.plosone.org 3 August 2014 | Volume 9 | Issue 8 | e104130

Vasconcelos et	al.	2014

Regionalization based on 
taxonomic 

species composition

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

Marked differences
 in species composition

and what we end up with, at least for amphibians, these marked differences in species composition along the atlantic forest that we try to explain
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WHAT WE DID SO FAR

[WORK IN PROGRESS]

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



Testing the role of pleistocene climatic refugia on anuran 
amphibian species distribution in the AF

Partitioning phylobetadiversity (turnover and richness 
difference components)

Phylogenetic community structure

Differential diversification rates - GeoSSE

13

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



Atlantic Forest
Refugia 

(Carnaval and Moritz model)
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Cycloramphus catarinensis

Ceratophrys aurita

Euparkerella robusta
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Noblella bilineata
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Pristimantis vinhai
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Haddadus binotatus
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Brachycephalus vertebralis

Brachycephalus nodoterga

Brachycephalus ephippium

Brachycephalus didactylus

Gastrotheca ernestoi

Gastrotheca microdiscus

Gastrotheca fulvorufa

Gastrotheca albolineata

Gastrotheca flamma

Gastrotheca fissipes
Fritziana goeldii
Fritziana ohausi
Fritziana fissilis
Allobates olfersioides
Ameerega picta
Ameerega flavopicta
Pipa carvalhoi
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Green = occur in both regions 
Blue  = refugia endemic 
Red = endemic to non-refugia

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

531 species

AF species that have polygons in the IUCN. prunned the phylogeny Pyron. We also coded the species regarding their endemism level



Expectations

More nestedness between refugia and non-refugia

Turnover between refugia
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Mean turnoverMean of richness difference

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



No clear pattern between refugia and non-refugia 

regions, as expected. 

No richness differences between refugia and non-refugia

Instead, mountaneous regions, like the Serra do Mar in 

the southeast, border betweeen AF and other biomes, and 

the Bahia refugium, have high values for turnover 

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 
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The predictions would only make sense if the 
lineages that are endemic to refugia were 

closely related…

19
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Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

… instead, they are overdispersed in the phylogeny



The distribution of endemic species to refugia vs non-refugia 
along the phylogeny is not random, compared either to the 
null model or to the species pool of the Atlantic Forest 

Conversely, refugia endemic lineages are more 
phylogenetically distant than the endemic to 
non-refugia, compared to the species pool of the AF

This suggest that many lineages (e.g., different 
families) are endemic to refugia

Traits that may be associated with endemism in refugia may 
have have evolved several times

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 
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Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

x = extinction rate
s = speciation rate
d = range expansion

A = endemic to refugia
B = endemic to non-refugia
AB = both
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Species endemic to refugia have lower rates of range extension than 
other species

Contrary to our expectations, but…

Makes sense if endemic species were ”specialists”

Speciation is higher in less stable regions

Areas with higher perturbation frequency, and then varying 
selective pressures promote higher speciation in a broad scale

Higher speciation rates in non-refugia suggest diversification in AF as 
a whole is not dependent on refugia alone

24
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WHAT THE RESULTS MEAN



The refugia from the Plio-Pleistocene seem not to 
have generated the species diversity of anurans in the 
Atlantic Forest, since most species are older than the 
refugia itself… but how do I known that?

Conclusion

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 
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Most of the lineages were already there!

This is a lineage through time plot of the phylogeny for the AF species



Probably, refugia were important to maintain 
genetic diversity at the intraspecific level, as 
phylogeographical studies have demonstrated (e.g., 
Carnaval et al. 2009; Tonini et al. 2013), but are not 
strongly involved in species diversification per se.

Conclusion

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 
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Test for an effect of refugia, current, and past climate on the 
metacommunity structure of anurans

For example, is the distribution of species endemic to refugia 
more correlated with past climatic conditions due to 
Phylogenetic Niche Conservatism?

Are communities in refugia older than in non-refugia?

Next steps

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 
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 Leibold et al. (2010) Ecol Lett
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Patterns and processes in the origin and diversification of 

terrestrial vertebrates in the Brazilian Atlantic Forest 

Supported by FAPESP  #2016/13949-7
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Multi-taxa evaluation of distribution patterns

Non-volant mammals

Anurans

Birds
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Causes of the spatial distribution of functional 
diversity of terrestrial vertebrates in the Brazilian 

Atlantic Forest

31

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



How equilibrium and non-equilibrium mechanisms 
interact to shape the species richness and 
functional diversity of vertebrates in the AF. 

To distinguish the contribution of equilibrium and non-
equilibrium mechanisms, I will test how speices richness and 
functional diversity are related with evolutionary time, 
diversification rate, productivity, climatic variables, and 
topographic heterogeneity.
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QUESTION
Background  | Atlantic Forest | Partial Results | Current project | Conclusion 



Traits
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FDis

For each group
separately

Topographic 
heterogeneity

Evol time (MPD)

Diversification rate

Productivity

Climatic variables

Structural Equation 
Modelling
using GLS

Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

Map FDis



HYPOTHESIS
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If equilibrium mechanisms were more important, I expect 
that current climatic variables and gradients of productivity 
are strongly and positively related to species richness and 
functional diversity.  

Climatic seasonality would be a strong environmental filter, 
constraining the niche space available in regions with more 
seasonal climate, decreasing its functional diversity.  

This effect should be more marked for poikilotherms than 
homeotherms

Oliveira et al. 2016 Glob. Ecol. Biogeog | Wiens et al. 2006 Am Nat



Adaptive dynamics of functional traits along the 
phylogeny
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Is there phenotypic convergence for body size in distantly 
related lineages that occur in the same region (e.g., distant 
species that would expand their populations towards the 
south of the AF recently) ?

QUESTION

Clavel & Morlon 2017 PNAS
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R package bayou
multi-regime OU model
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HYPOTHESIS

Patterns of phenotypic convergence can indicate that distant 
lineages are under the same selection regime, suggesting that 
environmental factors are important to determine the 
variation in traits. 

Example, environments with harsh climate (highly seasonal) 
strongly constrain the variation in traits at the community 
level

 Mahler et al. 2013 | Webb et al. 2002



Influence of the climatic niche on the rate of 
phenotypic evolution
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QUESTION
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Assuming that diversification rates are correlated with rates 
of phenotypic evolution… 

Did climatic niche evolution influence phenotypic variation of 
species at broad spatial scales?

 Rabosky & Adams 2012 Evolution | Rabosky et al. 2013 Nat. Comm. | Lawson & Weir 2014 Ecol. Lett 
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Climatic variables
CHELSA

OMI
Extract eigenvectors

to describe the 
climatic niche

Estimate evolutionary rate
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R package EvoRAG

Bo
dy

 s
iz

e

Climatic niche



Gradients of temperature and rainfall seasonality are important to 

differentiate the climatic niche of species. 

On its turn, the niche will influence the rate of trait evolution (e.g., body 

size)  differentially for the three groups, due to different thermal tolerances

More strong in poikilotherms (amphibians) than in homeotherms 

(birds and mammals)

Differences in the north (warmer and more stable) and south 

portions of AF (cooler and unstable) => groups with life history traits 

adapted to each region 
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WHAT DO I EXPECT?
Background  | Atlantic Forest | Partial Results | Current project | Conclusion 

Carnaval et al. 2014 Proc. Royal Soc.
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