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Modèle	
  de	
  vraisemblance	
  qui	
  permet	
  de	
  détecter	
  
	
  l'effet	
  d'un	
  trait	
  binaire	
  sur	
  la	
  spécia1on	
  et	
  l'ex1nc1on	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Prend	
  en	
  compte	
  l'informa1on	
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  tout	
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  GeoSSE	
  (Goldberg	
  et	
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  dispersion	
  pour	
  deux	
  types	
  de	
  régions:	
  

	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  	
  	
  	
  	
  	
  

23,4°	
  

-­‐23,4°	
  
tropicales	
  	
  

tempérées	
  

tempérées	
  

MODÈLE	
  DE	
  DIVERSIFICATION	
  

INTRODUCTION	
   GRADIENT	
  LATITUDINAL	
  	
   MIGRATION	
  &	
  TEMPÉRATURE	
   SYNTHÈSE	
  	
  



Phylogénie	
  et	
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   Jones	
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Deuxième	
  data1on	
  à	
  par1r	
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  (Meredith	
  et	
  al.	
  2011)	
  

	
  
	
  

La	
  distribu1on	
  postérieure	
  de	
  100	
  arbres	
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globale.	
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Le	
  taux	
  net	
  de	
  diversifica1on	
  est	
  plus	
  fort	
  dans	
  les	
  tropiques	
  pour	
  
la	
  majorité	
  des	
  8	
  ordres	
  les	
  plus	
  riches.	
  

	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  

Les	
  plus	
  grosses	
  familles	
  au	
  sein	
  des	
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  (7	
  familles).	
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PLAN	
  DE	
  LA	
  PRÉSENTATION	
  

1)	
  Le	
  gradient	
  la1tudinal	
  de	
  diversité	
  
Mammifères	
  et	
  Carnivores	
  

2)	
  Les	
  facteurs	
  proximaux	
  de	
  la	
  diversifica1on	
  
Migra5on	
  et	
  Température	
  



L'arbre	
  du	
  vivant	
  est	
  asymétrique:	
  
	
  
	
  
	
  
	
  
	
  

LES	
  FACTEURS	
  PROXIMAUX	
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  DIVERSIFICATION	
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  monotrèmes	
  comporte	
  5	
  spp.	
  est	
  
le	
   groupe	
   frères	
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   Thériens	
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marsupiaux,	
  plus	
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Comment	
  expliquer	
  une	
  telle	
  différence	
  de	
  diversité?	
  
	
  

Hypothèse	
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  sont	
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  nets	
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  sont	
  
cohérentes	
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  5	
  ordres	
  les	
  plus	
  riches	
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   Psi_aciformes	
  Passeriformes	
   Piciformes	
   Charadriiformes	
  



UNE	
  VARIABLE	
  EXTRINSÈQUE:	
  LA	
  TEMPÉRATURE	
  
L'associa1on	
  entre	
  température	
  et	
  spécia1on	
  a	
  été	
  proposée	
  dans	
  la	
  
liKérature:	
  
	
  

	
   	
   	
   	
  Théorie	
  Métabolique	
  de	
  la	
  Biodiversité.	
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  al.	
  2004,	
  Allen	
  et	
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  et	
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  taux	
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Marx	
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  Uhen	
  
2010,	
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CONCLUSION	
  

L'étude	
  des	
  taux	
  de	
  diversifica1on	
  extraits	
  à	
  par1r	
  d'arbres	
  
phylogéné1ques	
  nous	
  a	
  permis	
  de	
  répondre	
  à	
  des	
  ques1ons	
  variées	
  

concernant:	
  
	
  

L'origine	
  du	
  gradient	
  de	
  diversité	
  chez	
  les	
  mammifères	
  
L'effet	
  de	
  traits	
  sur	
  la	
  diversifica1on	
  	
  

La	
  mise	
  en	
  place	
  de	
  méthodes	
  pour	
  la	
  conserva1on	
  des	
  espèces.	
  	
  
	
  

-­‐>	
  méthodes	
  jeunes	
  et	
  en	
  plein	
  développement.	
  
	
  

J'espère	
  que	
  ceKe	
  thèse	
  fournira	
  quelques	
  pistes	
  de	
  réflexion	
  
permeKant	
  de	
  mieux	
  comprendre	
  la	
  formaXon	
  et	
  l'évoluXon	
  future	
  	
  

des	
  grands	
  patrons	
  mondiaux	
  de	
  la	
  richesse	
  spécifique.	
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The global diversity of birds in space and time
W. Jetz1*, G. H. Thomas2*, J. B. Joy3*, K. Hartmann4 & A. O. Mooers3

Current global patterns of biodiversity result from processes that
operate over both space and time and thus require an integrated
macroecological and macroevolutionary perspective1–4. Molecular
time trees have advanced our understanding of the tempo and
mode of diversification5–7 and have identified remarkable adaptive
radiations across the tree of life8–10. However, incomplete joint
phylogenetic and geographic sampling has limited broad-scale
inference. Thus, the relative prevalence of rapid radiations and
the importance of their geographic settings in shaping global bio-
diversity patterns remain unclear. Here we present, analyse and
map the first complete dated phylogeny of all 9,993 extant species
of birds, a widely studied group showing many unique adaptations.
We find that birds have undergone a strong increase in diversifica-
tion rate from about 50 million years ago to the near present. This
acceleration is due to a number of significant rate increases, both
within songbirds and within other young and mostly temperate
radiations including the waterfowl, gulls and woodpeckers.
Importantly, species characterized with very high past diversifica-
tion rates are interspersed throughout the avian tree and across
geographic space. Geographically, the major differences in diver-
sification rates are hemispheric rather than latitudinal, with bird
assemblages in Asia, North America and southern South America
containing a disproportionate number of species from recent rapid
radiations. The contribution of rapidly radiating lineages to both
temporal diversification dynamics and spatial distributions of spe-
cies diversity illustrates the benefits of an inclusive geographical
and taxonomical perspective. Overall, whereas constituent clades
may exhibit slowdowns10,11, the adaptive zone into which modern
birds have diversified since the Cretaceous may still offer oppor-
tunities for diversification.

Birds (class Aves) constitute a fascinating and widely-studied radia-
tion. Analyses based on a very incomplete ‘tapestry’ phylogeny12 sug-
gested higher speciation and diversification rates in the tropics and in
South relative to North America13–15. In addition, numerous geographi-
cally disparate clades are considered exceptional radiations, including
both New and Old World warblers in the Northern Hemisphere10,16,
island radiations such as Darwin’s finches17, and the explosively diver-
sifying white-eyes that span much of the southern Old World18. The
prevalence and implications of such rapidly radiating clades have not
been put in broader context: how characteristic are shifts in diversifica-
tion, and to what extent do clade-specific and tree-wide variation in
diversification rate contribute to diversity dynamics across the extant
tree of the entire class? Where do these radiating lineages occur, and
how much do they contribute to current-day patterns of diversity in
the highly diverse tropics compared to relatively depauperate higher
latitudes?

We address these questions using the first set of complete phylo-
genies of extant bird species (9,993 species, see Methods), compiled in
a Bayesian framework, and a new species-level measure of past diver-
sification rate. The phylogeny builds on previously established deeper
relationships and combines molecular data for 6,663 species with
taxonomic constraints for data-deficient species to more fully account

for phylogenetic uncertainty. Lineages-through-time8 and novel diver-
sification-rates-through-time plots (Fig. 1) indicate that net diversifi-
cation leading to extant lineages generally increased from approximately
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Figure 1 | Diversification of all birds through time. a, b, Estimates of the
tree-wide lineage net diversification (speciation – extinction) rate (a) and
speciation rate (b), calculated in 5 million year intervals (line segments). These
are estimated to be very similar (see Supplementary Discussion). The shaded
region represents the area between the 5th and 95th quantiles for 525 assessed
trees with the mean rate traced in black. Intervals outside 67.5 and 2.5 Myr ago
are not shown due to lack of data (#30 lineages per interval) and the difficulty
of accounting for ongoing speciation events, respectively. c, Lineage-through
time plot for 1,000 trees (in grey), with mean waiting times to speciation in
black. Green background is the tree depicted in Fig. 2. Geologic time periods are
delineated at the bottom of the plot. Ju, Jurassic period; Qu, Quaternary period.
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malian evolution (Fig. 2 and Tables S1, S2, and S3). My method
reveals that diversification rates were low (0.05 per million years)
until ∼33 Mya. Then a diversification rate peak (0.16) lasted for
3 Myr. After this peak, diversification rate dropped to 0.10 and
remained constant until ∼8.55 Mya. The rate declined at 8.55
Mya to a value of 0.06 and at 3.35 Mya to a value of 0.02 (Table
S3). I further show that there is no support for a rate shift at the
K/T boundary (SI Text S1).
The turnover of mammals is estimated to be close to 0, but the

confidence intervals are wide (Fig. 2). The difficulty of estimating
turnover has been already observed for small trees (19–21).
However, I verify through simulations that in large trees, turn-
over close to 0 can be distinguished from high turnover (SI Text
S2.1), meaning that the mammals had a low turnover throughout
their evolution. The turnover was higher during the diver-
sification peak at 33−30 Mya, meaning that both mammalian
speciation and extinction accelerated.
I estimated diversification rate shifts also for the mammalian

subgroups placentals and marsupials, as well as for the six
largest placental subgroups: rodents, chiroptera (bats), euli-
potyphla (shrews, moles, hedgehogs), cetartiodactyla (whales),
carnivores, and primates (Fig. 3). At the 99% level, placentals,
rodents and cetartiodactyla show a significant increase in di-
versification rates ∼33 Mya; however, only rodents and cetar-
tiodactyla show a peak (i.e., the diversification rates drop again
significantly within a few million years). When relaxing the
likelihood-ratio test to reject at the 95% level, marsupials also
show a significant peak ∼33−30 Mya (Fig. 3, dotted line). When
allowing for one more shift in placentals (corresponding to an
83% level instead of a 99% level), placentals also show a peak
∼33−30 Mya (Fig. 3, dotted line). Placentals show a di-
versification rate peak ∼12 Mya that is mainly driven by the
diversification rate peak of the eulipotyphla. Cetartiodactyla is
the only group with a diversification rate peak ∼8 Mya, and
chiroptera is the only group with a diversification rate peak
∼3.35 Mya. All analyzed groups but eulipotyphla, cetartio-
dactyla, and primates show a significant decrease in rates in the
very recent past.
I verify that the likelihood method is very robust for inferring

diversification rates by performing a variety of simulations (SI

Text S2). In particular, all four shifts in the mammalian phylog-
eny can be recovered accurately (Fig. 4).

Discussion
Mammalian Evolution. The mammalian phylogeny reveals no
major diversification rate shifts for mammals or mammalian
subgroups before 33 Mya. In particular, I do not find a significant
shift in rates at 93 Mya unlike previous work (3). As there were
only 10 lineages present at 93 Mya, I argue that it is hard to
distinguish between a stochastic effect and a real change in rates.
I confirm the previous finding (3) that there were no major shifts
in rates at the K/T boundary.
The previous work (3) based on the mammalian phylogeny did

not detect the peak at 33−30 Mya, which my results suggest. I
argue that their method based on LTT plot slope changes is not
powerful in detecting rate changes when a large number of
species are present (which is the case at 33 Mya): The method
looks simply at slope changes, ignoring that small slope changes
might be significant when many species are present, whereas
large slope changes might be stochastic factors when few species
are present and might therefore be nonsignificant.

Fig. 1. Lineages-through-time plot of all present-day mammals, placentals,
marsupials, the six largest placental subgroups, and 100 simulated trees
(black). The maximum-likelihood parameters obtained from the mammalian
phylogeny were used for simulations.

Fig. 2. Maximum-likelihood diversification rate and turnover estimates for
the mammalian phylogeny. The dark blue line displays the diversification
rate estimates (λi − μi) per million years and the light blue line displays the
turnover estimates (λi/μi). The dashed lines are 95% confidence intervals.
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Fig. 3. Maximum-likelihood diversification rate estimates (per million years)
for the mammalian phylogeny and the mammalian subgroups placentals,
marsupials, and the six largest placental subgroups. The number of shifts is
determined with the likelihood-ratio test at the 99% level. The dotted line for
the marsupials corresponds to a 95% level and the dotted line for the pla-
centals corresponds to allowing for one more shift than at the 99% level
(which is a P value of 0.83).
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