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M5, Similar species are not necessarily
found in similar environments.

o RYFI VT ILEERBICLVELID ? Why
polar bears are not found in Antarctica.
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— %4, Evolution proceeds in the framework of
time and space.
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In spite of similar environment of Bali and Lombok, Lombok is the west end
of the distribution of parrots.
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Why penguins are not
distributed in the Arctic
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Evolutionary history of Otariidae .
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Breakup of Gondwana

(c) 75 Ma (d) 45 Ma
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105Ma Map
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Yonezawa et al., 2017, Current Biology 27, 68-77

http://dx.doi.org/10.1016/j.cub.2016.10.029
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Breakup of Gondwana

Africa
Indigascar
Madagascar
India
South America
Antarctica Australia
130Ma 105Ma
75Ma 45Ma

http://www.odsn.de/odsn/services/paleomap/paleomap.html

Aepyornis maximus
(Elephant bird)

Weight ~ 400 kg
Height ~3m

©Takashi Oda =
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<Faux Cap (Southern Madagascar)

2506 BE. Crowley / Quaternary Science Reviews 29 (2010) 25912603
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Fig. 3. Scatterplots showing the subsetof ' dates for subfossil endemic genera from 0 to 3000 BP and 50% confidence intervals for each body mass group (a), and all radiocarbon
dates (b). White and grey circles identify extant and extinct taxa, respectively. Due to calibration constraints, dates =22 000 years are presented in uncalibrated conventional €
years before present("C BP). An eggshell from Aepyornis sp. deemed o old to carbon date (Clarke et al. 2006) was not included. Letters correspond to European contact (A), the
peak in Late Holocene aridity (B), first large human settlements (C), and initial human colenization (D).
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S8, lllustrations by T. Oda

RatitES(fIightIess birds)

Dinornithida 8%se—;

2l

(Moa)

" c‘ﬁ%: ’t

Struthionidae Rheidae #
(Ostrich) (Rhea) E‘

Aepyarnithidae £

lny’ B
(Elephant bird)% j
-t !

Dromaiidae Casuariidae Apterygidae
(Emu) (Cassowary) (Kiwi)

,_ggg’& Illustrations by T. Oda

Palaeognathae

Ratites + Tinamous

Tinamidae
(Tinamou)
Flying bird

Struthionidae Rheidae
(Ostrich) (Rhea)

Aepyornithidae 411, ! i \

Ly
(Elephant bird) %

Dromaiidae Casuariidae Apterygidae
(Emu) (Cassowary) (Kiwi)

al
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Palaeognathae originated in Gondwana?
All living and recently extinct paleognaths are distributed in
Gondwana-derived landmasses in the Southern Hemisphere.

Illustrations by T. Oda

Mito-genome analyses
& y Cooper et al. (2001) Nature 409:704-707

,Em
Ostrich
Rhea
chicken q
0.1 substitutions
poc ta BO.0-Myr reconstruction
Figure 2 Ratite phyk . a, L ined maximum-ikefibood tree of ratite taxa,  ratites as monophyletic outgroup™ or ostrich as outgroup™) both fit the data significantly
rooted with two tinamou and the chicken, using 10,767 bp of mDNA protein coding worse than Fig. 2a (P < 0.001). b, Tectonic reconstruction of Gondwana at 80 Myr &, The
saquence. Bootstrap values from 1,000 replications are given above the lines, with ostrich (and elephant-bird) are proposed to have crossed the Kerguelen Plateau
nearest-ne values* . The maxi position of the elephant- to Indo ar*? and y Eurasia. Reconstruction map from
bird calculated with the short dataset is indicated, but the data prevent an accurate www_odsn, des hitml

estimate of branch length. Aliemative phylogenetic hypatheses for ratites (New Zealand

Tinamous were assumed to be sister to ratites.
Only 1kb could be analyzed probably because of humid and high temperature of
Madagascar.

2017/5/17
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Phylogenetic analyses of a 20-gene, 24-kb nuclear DNA dataset strongly
supporting ratite polyphyly

Tinamous (flying birds) are placed within ratites. The common
ancestor of ratites could fly, and have lost the flying ability
convergently?

rypt
s : inar
o 7. Ii
{10 IiE Dromaius (Emu)
Apteryx (Kivi)
e [ e | Rheas)
Pterocnemia
i
4 Neognath Outgroups (Non-passerine)

Harshman J. et.al. PNAS 2008;105:13462-13467

© 2008 by The National Academy of Sciences of the USA | | ﬂ a s

Extant and recently extinct paleognaths are distributed in

Gondwana-derived landmasses, but early paleognaths, such
as Lithornis (Paleocene—Eocene), were in Laurasia, and they
were small flying birds.

Illustrations by T. Oda

2017/5/17
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Origin of Palaeognathae

* Extant and recently extinct paleognaths are
distributed in Gondwana-derived landmasses.

* Early paleognaths, such as Lithornis which
was small and could fly, were in Laurasia, but
7 - q ang
4/ their phylogenetic positions have been

. uncertain
\, " At a first glance, they look similar

to tinamous, but since the
position of tinamous was revised,
the position of Lithornis must be
reconsidered.

Lithornis & ‘"

Illustration by T. Oda

Aim of our project

* Clarify the origin of Aepyornithidae (Elephant birds) in
Madagascar by ancient DNA analyses.

* Compared to Neognathae which is comprised of 10,000
species, Palaeognathae consists of less than 100 species,
most of which are tinamous. In order to clarify the
evolution of Palaeognathae, a robust time-tree
(phylogenetic tree with time scale) is prerequisite, and
dense taxon sampling is important, but the sampling
must inevitably be sparse in the analyses of
Palaeognathae. Therefore, inclusion of recently extinct
species, such as elephant birds and moas, are important.

2017/5/17
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Mitogenome phylogeny of Palaeognathae
with our data from Aepyornis maximus and Mullerornis sp.

5
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Ancient DNA reveals elephant birds
and kiwi are sister taxa and clarifies

ratite bird evolution

Kieren J. Mitchell,’ Bastien Llamas,” Julien Soubrier,” Nicolas J. Rawlence,'

Trevor H. Worthy,? Jamie Wood,? Michael S. Y. Lee,"* Alan Cooper'{

The evolution of the ratite birds has been widely attributed to vicariz
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A new direction of our project

* Mitchell et al. established the branching order in
Palaeognathae by mito-genome analyses, but the
confidence intervals of the estimated branching
times are huge, and the estimates depend very
much on taxon sampling and assumed calibration.

* In order to obtain more precise estimates,
nuclear DNA analyses are needed, and we carried
out nuclear DNA analyses of two species of
elephant birds; Aepyornis maximus & Mullerornis

sp.

2017/5/17
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mtgenome  Haddrath and Baker (2012) Harshmanetal. (2008) ~ Smithetal. (2013)  Bakeretal. (2014) Total

genes
length

species

3 10 2 40 59 701

15985 bp 9888 bp 26775 bp 5113bp 795492 bp 873253 bp

(11364 bp) (9888 bp) (6360 bp) (0bp) (795492bp) (823104 bp)
39 £ yi] V) 1 “

Molecular phylogenetic analyses were carried
out by using alignments of 873,263 bp

Our additional data:
Aepyornis: 89,023 bp
Mullerornis: 49,480 bp

66Ma

VO TR R R NN RN R TR TR
Cretaceous Wpaleogene Eocene Oligocene

i
Miocene r

Struthionidss

Rhaidas

i

Dinornithidae

Aepunaq ¥4-3
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Estimated time of divergence [(Ma)
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Ltos: long alignments of 873,263 bp
provided robust divergence
time estimates. The estimates

Michel et al. (2014)

were little influenced by taxon
sampling, models, or fossil
calibrations .
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A phylogenetic analysis including Lithornis was carried out based on the morphological
data excluding characters which show contradiction with the tree for the species from
which molecular data are available.

T st R
Lithornis ) TR T
T h;uthl;nlch. -
i Rhaidas
BP:92% - .
Dinornithidae

re—
Aepunag ¥4y

Basal position of Lithornis
and ostrich was
supported by 92% BP.

AT .
‘ Y|
By

Elephant birds and Kiwis separated about 62Ma, later than K-Pg.

Two alternative hypotheses of
Palaeognathae evolution

* Vicariance hypothesis — Phylogenetic
separation accompanying the breakup of
Gondwana

* Overseas dispersal hypothesis — Chance
dispersal crossing the sea is important in the
evolution of Palaeognathae

2017/5/17
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Configuration of the continents 105 Ma when Africa
separated from South America

~79Ma

)
~71Ma
) =
~69Ma =
~67Ma h = !
~62Ma
~79Ma
)
~71Ma
r
~69Ma
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A new scenario of Palaeognathae evolution

(D The common ancestors of Palaeognathae were small flying birds, like Lithornis, and
were distributed in Eurasia and North America.

P G
@ Ostriches evolved in Eurasia, and some of them migrated to Africa
after the land connection in Miocene.

25,000 years old ostrich from China

® Another group of early paleognaths (flying birds) crossed Panama strait from North
America to South America.

Red shows coast line.
75.0 Ma Reconstruction

http://www.odsn.de/odsn/services/paleomap/paleomap.html

@t that time, South America was connected to Antarctica and Australia, and the
ancestral paleognaths migrated to Antarctica and Australia. In South America, rheas and
tinamous evolved, and in Australia emus and cassowaries evolved.

2017/5/17
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(®Ancestors of elephant birds and kiwis migrated from Antarctica to Madagascar and
New Zealand, respectively, crossing the seas. Such migrations ended 34 Ma when
Antarctica became totally glaciated after the establishment of the Antarctic Circumpolar

Current.

Madagascar b
REHZANL

4K
India

—a—3—5upNew Zealand 80.0-Myr reconstruction

Gondwana of 66 Ma Gondwana of 80 Ma, when Kerguelen

htto: dsn.de/od ) | Plateau connected Antactica with
g RE AL R e Ees el Madagascar (via India), but our analysis
map/paleomap.html

suggests much later time for the migration
of the ancestor of the elephant birds.
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