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“Species-pump” Hypothesis Repeated climate-driven fragmentation of tle
Philippine Islands was a primary mechanism of speciation f@:r
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Prediction Taxa co-distributed across islands within the same PIeistocéine
aggregate island complex (PAIC) will have divergence times:
that tend to be clustered around times when sea levels 3
fragmented the islands

01s0nb AQ LOY.LZLO/LS L L/9/ELIBION

W

Comparative biogeography of Philippine geckos Oaks, Siler, & Brown /23


https://www.biorxiv.org/content/10.1101/395434v1

from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest o

L]

@
S
n

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest o

L

@
S
n

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

2
from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest of

Ll

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

2
from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest of

Ifl

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

2
from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest of

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

2
from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest of

:—w

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

2
from https://academic.oup.com/evolut/article/73/6/1151/6727401 by guest of

Oaks, Siler, & Brown

Comparative biogeography of Philippine geckos


https://www.biorxiv.org/content/10.1101/395434v1

Comparative biogeography of Philippine geckos

/:sd3Yy wou)

i

)

i

Fd

0 1596 Aq L0Y2Z29/LS 1 L/9/€ L/21OIEAN|OAS/W0D"dl

8

13


https://www.biorxiv.org/content/10.1101/395434v1

ma mo m3 mg ms

He//:sdny wo,

|
4
|
H
mi‘
i
"iii‘
it
|
1141

13
13
13
13
13

We want to infer the model and divergence times given genetic data
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Previous tests of “species-pump”

» Oaks et al. (2013)! collected mitochondrial DNA sequences from 2
pairs of populations (including bats, shrews, skinks, geckos, snakes,
and frogs)
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Previous tests of “species-pump”

» Oaks et al. (2013)! collected mitochondrial DNA sequences from 2
pairs of populations (including bats, shrews, skinks, geckos, snakes,
and frogs)

» Analyzed these data with ABC method msBayes?
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Previous tests of “species-pump”

» Oaks et al. (2013)! collected mitochondrial DNA sequences from 2
pairs of populations (including bats, shrews, skinks, geckos, snakes,
and frogs)

» Analyzed these data with ABC method msBayes?
> Found strong support for shared divergences across taxa (results belos
for 9 pairs from islands of Negros and Panay)
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Previous tests of “species-pump”

» Oaks et al. (2013)! collected mitochondrial DNA sequences from 2
pairs of populations (including bats, shrews, skinks, geckos, snakes,
and frogs)

» Analyzed these data with ABC method msBayes?

> Found strong support for shared divergences across taxa (results belos
for 9 pairs from islands of Negros and Panay)

» But, method was very sensitive to prior assumptions and often biase
toward estimating co-divergences
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Previous tests of “species-pump”

» Oaks (2014)! reanalyzed the data from Oaks et al. (2013)? with a
modified ABC method dpp-msbayes
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Previous tests of “species-pump”

» Oaks (2014)! reanalyzed the data from Oaks et al. (2013)? with a
modified ABC method dpp-msbayes

» New method was less biased, but little information in summary statis
to inform divergence times
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» Oaks (2014)! reanalyzed the data from Oaks et al. (2013)? with a

modified ABC method dpp-msbayes

» New method was less biased, but little information in summary statis
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utilizes the information in those data. Our goal is to do both.
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Cyrtodactylus (Gekkonidae)

» 265+ species across Asia
» 10+ species across Philippines

» Nocturnal, scansorial lizards
that eat terrestrial invertebrates

» Specialized bent toes for
climbing

o
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Gekko (Gekkonidae)

» 60+ species across Southeast
Asia
» 14+ species across Philippines

» Nocturnal, scansorial lizards that
eat terrestrial invertebrates

» Subdigital lamellae for climbing
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» Sampled individuals from 8 pairs of populations for both Cyrtodact
and Gekko
» Sampled 2-5 individuals per population
» Collected genome-wide DNA sequence data from each individual
> Restriction-site-associated DNA sequencing (RADseq)
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Analyzed RADseq data with full-likelihood Bayesian comparative
phylogeographic method:

Ecoevolity: Estimating evolutionary coevalit
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Analyzed RADseq data with full-likelihood Bayesian comparative
phylogeographic method:

Ecoevolity: Estimating evolutionary coevalit

P Used simulations to assess how well ecoevolity works given the
gekkonid RADseq data sets
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Results: Cyrtodactylus (Figure 3)
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Results: Gekko (Figure 4)
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Results: Gekko (Figure 5)
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Key findings
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» Strong support that all 8 pairs of Cyrtodactylus populations diverge
independently
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Key findings
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» Strong support that all 8 pairs of Cyrtodactylus populations diverge
independently

wan

» Weak support that all 8 pairs of Gekko populations diverged
independently
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Key findings
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» Strong support that all 8 pairs of Cyrtodactylus populations diverge
independently

wan

» Weak support that all 8 pairs of Gekko populations diverged
independently

» Simulation results suggest ecoevolity can accurately estimate the
timing and number of divergences given the gekkonid RADseq data
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Caveats

» Too few island pairs to rule out climate-driven vicariant speciation

» Differences in divergence times could be due to variation in
fragmentation times among island pairs

» Differences in divergence could also be due to variation in mutation
rates
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Caveats

v

Too few island pairs to rule out climate-driven vicariant speciation

» Differences in divergence times could be due to variation in
fragmentation times among island pairs

» Differences in divergence could also be due to variation in mutation
rates

> Seems safe to conclude that the “species-pump” is not the rule for
gekkonids, but maybe the exception
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Take home points

» Support against the “species-pump” hypothesis

01s0nb AQ LOY.229/LS L L/9/€./3101E/iN|0AS/WO0D dNo"djWwapeoe//:sdiy Wo.,

y

Comparative biogeography of Philippine geckos Oaks, Siler, & Brown /23


https://www.biorxiv.org/content/10.1101/395434v1

Take home points

» Support against the “species-pump” hypothesis
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> Results suggest repeated cycles of climate-driven island fragmentatigh
were not an important mechanism of speciation for gekkonid Iizardsén
the Philippines
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Take home points

» Support against the “species-pump” hypothesis
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> Results suggest repeated cycles of climate-driven island fragmentati
were not an important mechanism of speciation for gekkonid lizardsdn
the Philippines

n.

» Rare over-water dispersal via rafting on vegetation is likely an
important mechanism responsible for the distribution of gekkonid
lizards in the Philippines
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Everything is on GitHub. ..

Software:

» Ecoevolity: https://github.com/phyletica/ecoevolity

Open-Science Notebook:

» Gecko RADseq: https://github.com/phyletica/gekgo

Comparative biogeography of Philippine geckos Oaks, Siler, & Brown
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Figure S2
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Figure S3
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Figure S4
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Figure S6
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Figure S7
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Polyallelic recoded

ohol
§ in Sur
Bohol-Camigan ur Root

Palawan-Borneq Koot
Samar

Leyte
Samar-Leyte Root

uzon
abuyan Claro
Luzon-Babuyan Claro Root
Luzon 2
Camiguin Norte
Luzon-Camiguin Norte Root
Polillo

Luzon
Polillo-Luzon Root
Panay

Negros
Panay-Negros Root
Sibuyan

u
Tablas
Sibuyan-Tablas Root

ohol

5; uin Sur
Bohol-Camigan ur Root
lawan

Pa\awan—someo Rool
Samar-Leyte Ronl

abuyr o
Luzon-Babuyan S0 Rook

Cyrtodactylus comparison

uzon
Camiguin Norte
Luzon~Camiguin Norte Root
Polillo

Luzon 3

Polillo-Luzon Root

Pana

Negros

Panay-Negros Root
Sibuyan

ablas

Sibuyan-Tablas Root

0.0000

0.0000

A

1

0.0005

t

0.0005

Comparative biogeography of Philippine geckos

—t

A
A
I

0.0010

Ea

A
M/\

0.0010

Oaks, Siler, & Brown

sdpy wou)

=
QO
8
Polyallelic removed a
[]
S~
hol o
§ n Sur 0
Bohol- Cam\gum uv RDDA o m
A Pals B R l < bat
lawan-Bomeg Koo
o~ a  O3T
Samar-Leyte Rg:ﬂ 8 3
@
C\am
Luzon Eabuyal\ C)(avo Root 3 Y
UK‘DH 2 =3
ort
Luzon-Camigein Nerte oot A A (<D I
Polillo
Luzon 3 A S o
Polillo-Luzon Root =
NPan A Co
egros
Panay-Negros Hoot =&
Sibuyan DO~—
Tablas =
Sibuyan-Tablas Root —
0.0015 0.0020 0.0025 0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 C_)
[¢]
e+
Dokl w
il W,
Bohol- carwgum ur Root >
alavan Dm
"3 A =X
Palawan-Borneo RD()I
o~ Semar "—1‘ ~ -0
evie
Samar-Leyte Rot A U@
B Saro =3
uyan
Luzon-Babuyan Claro Root A (&1
Uzon
Camiguin Norte Ns=
Luzon-Camiguin Norte Root N I
Poliio AA A ~
Luzon 3
Polillo-Luzon Root Ho
NPana P o O
egros
Panay-Negros Root o
Sibuyan oo
ablas ~—
Sibuyan-Tablas Root <
0.0015 0.0020 0.0025 0.0000 0.0005 0.0010 0.0015 0.0020 0.0025¢0)
. . . c
Effective population size (Nep) ®
o
o

(5]
NS
g


https://www.biorxiv.org/content/10.1101/395434v1

Figure S9

Comparative biogeography of Philippine geckos
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Figure S10

Comparative biogeography of Philippine geckos
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Figure S11

Polyallelic recoded Polyallelic removed
<woorss <woous 515 ooosss <ocors7 <oots 52 st
075 2
m
X
=
050 050 g
g
H
I
o
o
. =
—
T P
<o <woosts <oooizs ™ 06 <00tz <oooiss <ooois s
<oooss <ozt ass o107 <ozt s

ueaw)dx3 ~ 7
0131senb AQ LOY22/29/LS 1L L/9/E./o1211E/IN|0AS/WOD dNo-olWwapede//:sdiy Wo.;

04

z
=)
8 o

3 02 I

~ o

* I I 8

o

5

a0 00 2

<0.0075 <0.00245 06 121 06 <0.00749 <0.00245 0424 132 ';

m

X

04 0 =

3

3

2

]

02 I

o

(=3

[ | g

| ]

a0 S

L2 s a4 s e 181z s a4 s s 1 s
Number of divergence events
Comparative biogeography of Philippine geckos Oaks, Siler, & Brown 3/23


https://www.biorxiv.org/content/10.1101/395434v1

Figure S12
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Figure S13

Comparative biogeography of Philippine geckos
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Figure S14

Gekko comparison
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Figure S15
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Figure S16
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Figure S17
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