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Biogeography
Processes responsible for current and past distributions of the biota

Ecological Biogeography — species/intraspecific level
- limiting characteristics of current distribution
- ecological preferences, environmental factors, competition, host distribution....

Historical Biogeography — related taxa, family level
- processes that shaped the distributions into the patterns we observe today
- geological history, climate

...our resulting hypotheses are only as good as our input data and our own biases...



...our resulting hypotheses are only as good as our input data and our own biases...
[particularly in case of Historical Biogeography]

Evolutionary theory + Biogeography - Ch. Darwin (1859), AR Wallace (1869, 1878)

Plate tectonics theory (Continental drift)
formulated 1912 by Wegener not accepted until 1960s

— Dispersal is responsible for today’s distribution patters, same geography
X

Vicariance — Croizant 1950
The organisms had the same distribution in the past (always!)
- slow steady spread across continuous land, barriers appeared later

What is the contribution of each process?

Fossil record and the lack of thereof
- not very rich in case of Arachnids, extinct lineages - difficult to assign
- modern lineages in amber: Burmese (~100 Ma), Baltic Amber (~44 Ma)
Dominican Amber (~30 Ma)
- more resources: https://wsc.nmbe.ch/resources/fossils/Fossils20.5.pdf




...our resulting hypotheses are only as good as our input data and our own biases...
[both Ecological and Historical Biogeography]

Taxonomy/understanding of Biodiversity
- what is a species, how many species there are, how are they related?

Group Number of described species Likely total %
Insects 950 000 8 000 000 12
Fungi 70 000 1 000 000 7
Arachnids 75 000 750 000 10
Viruses 5000 500 000 5
Nematodes 15 000 500 000 3
Bacteria 4000 400 000 1
Vascular plants 250 000 300 000 83
Protozoans 40 000 200 000 20
Algae 40 000 200 000 20
Molluscs 70 000 200 000 35
Crustaceans 40 000 150 000 27
Vertebrates 45 000 50 000 90

Cox et al 2010

Resources/Interest and the lack of thereof



Phylogeography

Phylogenetics + Biogeography (Avise 2000)
Geographic distribution of genetic lineages (traditionally - closely related)

The question remains:

- Which processes shaped the current and past spatial distributions of these lineages?

Implementation of molecular methods — new perspective

region 1 region 2

- geographic structure in the populations
- geographic history, dispersal routes & barriers ’
- concordant patterns among different species
- conservation purposes

time

- potential existence of cryptic species
- taxonomy

- molecular dating

geography
Avise 2000



Dispersal? Introduction?
Vicariance? Extinction?

Archaeidae

~ | Deinopidae

| Salticidae

usually a combination of more than one factor...



Dispersal in Arachnids

The capability to overcome barriers differs significantly
Key role in colonizing new habitats

- weak population structure in highly mobile groups ot
- deep population structuring in sedentary groups s R

Passive dispersal:

Phoresy: pseudoscorpions, mites, Attacobius attarum  Active dispersal:

Rafting — short/long distance dispersal Ballooning: spiders
Accidental introduction: synanthropes in advantage Walking
Airborne/wind: mites Sailing

Hayashi et al 2015

Host mediated - ticks Tumbling - Cebrennus rechenbergi



P h O re Sy Attaching of non-vagile individual to a different species “carrier”

Colonization of temporary habitats

Little information about the genetic structure of phoretic species

Dunlop & Penney 2012
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Chernes hahnii

No geographic structure across Central Europe

Dinocheirus panzeri

®
M117 (15)
() BG217) i
M2 (11) Chernes hahnii
8584 (9) GSK336 (12)
BG22 (16) (4)
() G M175 (10)
Chs3 ) (4) CHERH3 (2)
Chs4 (4) M1782
Ch5 (4 Ch58 (4)
8581 (9) Ché4 (5) GSK337(13)//
GSK338 (14) GSK339 (14)
Ch60 (8) ’
7
. o) (1) ,
7 8585(9) CHERH1 6)
M174 (10) (6) /
GSK358 (14)
& O 3
Ch59 () / ) ©
7
7
AlpenF1 (3) /
M125 (1) / Ch65 (5) (10)
@ AlpenF2 (3) /
7
AlpenF3 (3) B /A M184 (7)
7
M124 (1) /

! Opatova & Stahlavsky 2018




P. lacertosus, C. beieri — likely phoresy on birds

e -

Harvey 2013

Pselaphochernes lacertosus

Opatova & Stahlavsky unpublished




Host mediated dispersal and radiation - Rhipicephalus ticks
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Host mediated dispersal and radiation - Rhipicephalus ticks

Host-enabled dispersal events to new environments
followed by local adaptations
larvae on large and mobile hosts
- larger ranges, slower rates

larvae on small and less mobile hosts

- smaller ranges, faster rates

Bakkes et al 2021



Ba I IOO n i ng aerial dispersal

Long/ short distance dispersal
juveniles of large species/ adults of small species

very common in Araneomorphae
- may differ within a family

uncommon in Mygalomorphae
- not as effective

In all cases the ballooning individuals must land in an area with favorable conditions
or be preadapted to novel conditions



Argiope bruennichi — range expansion

Krehenwinkel & Tautz (2013), Mol Ecol
Krehenwinkel et al (2015), Glob Change biol

Native Europe
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Body size 880
. ) ) 5
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- differences in gene expression



Cheiracanthium punctorium — range expansion

Initial environmental change triggered preadaptation
smaller body size in expanding popuations
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Herennia (Nephilinae) — area expansion or introduction?

Coin spiders presumably do not balloon
Is the Asian distribution range of H. multipuncta natural or human-mediated?

LEGEND:

ﬁ Herennia multipuncta R hY) OB ‘ \
- “ A, 8 e\
ﬁ Other Herennia species . 2l o 7 y N
—————————————— / P 3 T,; ‘{v 5 " ‘-.: N R 5\‘1
. A - Lesser Sunda islands @)\ / 3 / o y i 7 e s
[ S
@ @ 5-sulavesi ’/ @x A H. papuana
-g) C - Philippines H. etruscilla N U, ~2/ S
o . D - mainland South-East Asia o R H. oz
o e N
© F - India A\ . \y
- ‘\ ¥ Australia ;
8 ( _ G- Sumatra \ !
2 @H-siilanka \ B :
Q@ i-Australia ; S N f
> o / A _!/j\ /
‘ J - Taiwan A '

Turk et al 2021
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151

20

25

30

Turk et al 2021



I S I a n d b i Oge Og ra p hy dispersal vs. vicariance

carrying capacity = turnover equilibrium

Small
Near
Immigration Extinction

2
©
o

Far >< Large

S
’ ‘

No. of species present
Cox et al 2010

Continental islands — split from a larger landmass; vicariance™ + dispersal
Oceanic islands — volcanic de novo origin; dispersal



Ocea n iC iS I a n d S “biodiversity and evolutionary lab”

Successive colonization

\ \ abundancy of available niches

i o — adaptive radiation

colonization via
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Juan Fernandez .
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Arnedo & Hormiga 2020
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“Old taxa on young islands dilemma”
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Canary Islands

high levels of endemic organisms




Canary Islands Dysdera

oniscophagous

sedentary
dispersal by rafting

2

Macias-Hernandez et al 2016
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O Dysdera insulana
) Dysdera cribellata
Dysdera ramblae
Dysdera orahan

Dysdera calderensis G
O Dysdera calderensis P
© Dysdera brevispina

© Dysdera verneaui

Q) Dysdera levipes G
Dysdera levipes T
Dysdera gollumi

O Dysdera macra

O Dysdera brevisetae
Dysdera esquiveli
Dysdera hernandezi

Dysdera lucidipes melillensis

EASTERN CANARIES

WESTERN-CENTRAL CANARIES

Canary Islands Dysdera

48 endemic species
2 x colonization, 1 x radiation

black — shared
grey - endemic

Macias-Hernandez et al 2016



)

lancerotensis

simbeque
E alegranzaensis

spinidorsa

madai
E iguanensis

labradaensis
—E montanetensis
volcania
_E ambulotenta
gibbifera

hirguan
enghoffi

strategy

oniscophagous
non-oniscophagous

tactic

O unspecialized
pincer

@ fork

® key

% dagger

habitat

(O Laurus-Erica
Pinus

@ shrubs

® shore

% cave

n.sp.
silvatica
— guayota

L chioensis
unguimmanis

bandamae

tilosensis
gomerensis
yguanirae
rugichelis

arabisenen
paucispinosa

ratonensis
"_E curvisetae
liostetha

E insulana
cribellata

chelicera

O unmodified
» elongated

@ concave

@ small

* flattened

ramblae
4|_T: orahan
calderensis

E brevispina
verneaui

levipes
4E minutissima
gollumi
macra
4’% breviseta
esquiveli
hernandezi

strategy
- tactic

+*00000000000

)OO

GORIGRGIFGPIINIPINGIPPIIFFIIIICGOEINIPINGGIGIIGGGIND body size

habitat

D%

*

o D0 B%*

DAGN(

00 900x00

%O

chelicera

>OO®O

OOOO OO

e NN

NN
AW

)

WA

(

—~

(

OO0

O

N

-
A

@000 T @

*®

//A\\
XXX

T A 5 B >

Co-occurring species

- differences related to prey capture
- different microhabitats

Rezad et al 2020



Canary Is lands Titanidiops canariensis

trapdoor spider
sedentary — colonization via rafting, only 1x 7.5 Ma
at least 2 cryptic species

Segregara sp.

Idiops sp.

— JSF clade
Titanidiops canariensis

Titanidiops maroccanus

61

0.2

Opatova & Arnedo 2014

G15
sp.1 G20

G19
G16
sP-2 (G17
G18

sp.3 (Gi11

G21
G25
sp.6 G2a
G23

G12

sp.4 G10
g7

8

sp.5 Go
G13



Continental Islands — geological history of the Western Mediterranean

Olgocene (30 Ma)

Lte Oligocene (25 Ma)

Pannonian_

Western =

Pannonian
/ §’ ——/ Basin
N W
Alps ~ Insubric Llne — -
Gulf of Lion [

Ioeria

Iberia

sauuuady

' lonian’

Sea

Iberia

ian Basin
et Kabylies
—_— —

Rosenbaum et al. 2002 Paulo et al. 2008 - ‘



i Dysdera gomerensis L133
] Dysderagomerensis L132
H Dysderacalderensis L130
HE Dysdera calderensis K103
b DysderassivaticaK94
. Dysderasifvatica X117
derasibiaticaK16

Continental Islands — Parachtes

r_ _0{— Dysdera inermis K226

—— Dysdera inermis K228
[ i
L 18
driatica K450
jus L107
1 lophitus K396

Dysderidae (generalist)

Italy

Paadhtesignanskar9 " Corsica
PaETEITGEROMD  sardinia

| Balearic Islands
parces | ——F= TGRSR S vvecn

= Iberian
; Clade
? 1 , ,
T T L
s :
L

Sedentary

Keo

.K306
. eb4
K47

O

igerkiso

- Segestria sp.K200
1

Hercynian belt breakup

T T T T
125 100 75 50 25 0.0
[N Heroynian microplates breake up and start to drift
[ Corsica and Sardinia start to break off
|:|Corsica, Sardinia and the Calabro-Peloritan massif collide with the Apulian plate
"] Connetion ofthe Thyrrenian Islands with the Apulian Pate
:I Openning of the Thyrrenian Sea

PIIo Pl

Cretaceous Paleocene Eocene “

. N1

> )
@

Hercynian microplates Corsica and Sardinia + the Calabro-Peloritan massif Openning of the Thyrrenian Sea (10-4 Ma) @ @
break up and start to drift start to break off (21-15 Ma), and collide with the @

(30-25 Ma) Apulian plate (20-18 Ma) T

Parachtes

Bidegaray-Batista & Arnedo 2011 @

Hercynian - Italian clade



Continental Islands — Ummidia

Trapdoor spider with ballooning capability; mostly vicariance

AUMS116
G29 (z587) Ummidia sp.
G1 (2649) Ummidia sp.
G8 (Z610)
EGQ (Z599)
G30 (2600)

G2 (Z2592)
C a3 (2660) U. algarve

G7 (Z605)
G6 (2622)
o

G4 (Z2593)
G28 (2582) Ummidia sp.
G32 (2690) Ummidia sp.
G10 (Z21050)
—— G26 (2817) | U. algeriana

C)

Western clade

gMaghrebian clade '

G18 (2586)
G34 (2584)

IU. aedificatoria

Ummidia sp.
Tarifa

T ]
Betic-Rif clade G183 (2687) Ummidia sp.
G12 (2681) Ummidia sp.
_C_ G11 (2170) Ummidia sp.
b —G31 (2164) Ummidia sp.
Easter Iberian clade C §§§ g;ﬁg

: : G23 (2693)
G20 (2643)
G19 (2647)
G22 (Z704)
G21 (Z701)

U. picea

| Eocene Miocene | Po I
L}

50 40 30 20 10 5 25 0
Opatova et al 2016




Distribution modelling — assessing ballooning capabilities

Niche overlap, but no gene flow

40 Iberian Ummidia species pairs RR

U. algarve vs. Ummidia sp."Tarifa" 0.8159

Ummidia sp."Tarifa" vs. U. picea 0.4082

30

U.algarve vs. U. picea 0.4493

201

Frequency

— ——,
1 095 09 ' 085 08 075 07 065 06 055 05 045" 04

Relative Ranks Niche Overlap
Opatova et al 2016



Pangea formation

Amalgamation of Gondwana 520 — 510 Ma
- southern hemisphere

Laurentia, Baltica, Siberia — in the north
- formed Laurasia in Paleozoic, ~ 300 Ma

Late Paleozoic — Pangea formation
- lasted ~ 100 Myr

Pangea breakup
- Central Atlantic ridge ~ 200 Ma

Will & Frimmel 2018

Cox et al 2010



Gondwana disintegration

Age of approximate Rift Initiation Age of inception of seafloor spreading
y \ ‘
U
~190-180 Ma ; JX '
7 ~ ? l
/§~112M f\:\j I ‘“/Il
2 ; West Gond-
West Gond- | // S wana ~165 Ma 2
wana \ [ 4 50 Tethys g A 'l..

W
) ~165 Ma East Antarctic

i

Pan African/
Brasiliano Orogen

Kuunga Orogen Proto-Pacific

Neoproterozoic Orogen [FaniniiEsse) 1000 km ( a)

N V4
[5-132 Ma & ~137 135 Ma

)
QN 'Im;(

\~132 iy ' ,@'J “\ Craton (lce Sheet) ~96 Ma

1 N

e =W GE =N
R f -Pacifi East Gondwana

= . - L7 (Panthallassa) \.ﬂ%f’\/

East African Orogen Proto-Pacific

Ej Mesozoic-Tertiary
Orogen

Palaeozoic-Mesozoic

388 Orogen

Palaeozoic Orogen

- Neoproterozoxc
Cambrian Orogen

[]Il] Mesoproterozoic
Orogen

Precambrian
Craton

Tethys

\\;

Nd

1000 km (b)

breakup from Laurasia
- Central Atlantic ridge ~ 200 Ma

Lower Jurassic ~ 180 Ma East/ West Gondwana breakup
Upper Jurassic ~ 160 Ma India-Madagascar/Antarctica

~ 160 Ma Antarctica/Australia
Lower Cretaceous ~ 140 — 130 Ma S America/Africa
Upper Cretaceous ~ 80 - 90 Ma Madagascar/ India

Will & Frimmel 2018




Early Cretaceous 140

Laurasia breakup ~ 55 Ma

S America — Antarctica — Australia land bridge
up to ~ 30 Ma

timing updated contiguously, controversial topics remain

The movement continues ~ 5 - 10 cm/yr

Eocene 40

Cox et al 2010

Cox et al 2010 Will & Frimmel 2018



Laurasia breakup ~ 55 Ma, land bridge ~ 25 Ma

S America — Antarctica — Australia land bridge
up to ~ 30 Ma

timing updated contiguously, controversial topics remain

The movement continues ~ 5 - 10 cm/yr

Cox et al 2010 Ms. A. Williams
730 cm/30 yr



Pa I p i m a n O i d e a continental vicariance?

— SYNSPERMIATA
~ Gondwanan distribution 100 Hypochilidae
To0L Filistatidae
araneophagous: modifications -
700 Austrochilidae
T ENTELEGYNAE
L Palpimanidae
Palpimanidae - e
b 100
Archaeidae
— 90
- 100
=)
Archaeidae g Kl
< o . .' ;
E Mecysmaucheniidae ™
—J —1100 =
E 10(< Ny
! 55
v gt :
93| Stenochilidae
Mecysmaucheniidae <
100
85
Huttoniidae
' g
1 100
Wood et al (2018) MPE 127:907-918.




Pa I p i m a n O i d e a continental vicariance?

- : 21*

Huttonia sp.

T B [ [ [
16 T Chilarchaea quellon = %
. 19* 2
L Mecysmauchenius segmentatus| @
120" g
Mesarchaea bellavista =
1 =
PR — ®
-»> 1B i Aotearoa magna 3
[] 22" Land bridge 17 o
L Zearchaea sp. —_

X . . Colopea sp.

Patarchaea muralis L
173
—. 15 . Myrmecarchaea sp. Z
10 >
IE 11 . Baltarchaea conica | S.
o
12 . Archaea paradoxa | &
14 - -
: = ©
. Afica . Burmesarchaea grimaldii —_
. Australia . . Eriauchenius bourgini
5*
- Eurasia |E . Eriauchenius workmani
13
. Madagascar 6 . 3 . Afrarchaea woodae g
Afrarchaea sp. D
New Zealand Dispersal to AF . P 5.
South America E] 9 » - Eriauchenius jeanneli 5
; ; 3
[ Southeast Asia o Il Eriauchenius lavatenda B
. 5 | &
Northern Hemisphere . Eriauchenius legendrei | &
Southern Hemisphere E/W Gondwana = . Austrarchaea nodosa
D Widespread 8* . Austrarchaea daviesae
- Austrarchaea mainae
! v T T T T T T T T 1
250 200 150 100 50 0 Ma

Wood et al (2013) Syst Biol 127: 264-284.



DEinOpiS continental vicariance? GAARlandia land bridge

s, Cuba (20)

_ Hispaniola (34)

Jamaica (19) =« Puerto Rico (29)

R}
N
o

o

Guadeloupe (1) ®
Dominica (4) A
St.Vincent (2) é
LA S

-

Caribbean j

Costa Rica (2)%

Locality (number of specimens)

Greater Antilles and Aves Ridge
—land bridge connecting S America with the Greater Antilles
Eocene — Oligocene ~ 35 -33 Ma Chamberland et al (2018)



DEi”OpiS continental vicariance? GAARIandia land bridge

outh Africa

Menneus

South Africa

sp. 1

Mexico

Gondwana: Breakup of
Africa and South Anerica

sp. 2

Madagascar

sp. 1
Taiwan

sp. 1

Colombia

sp. 1

French Guiana

GAARlandia

sp. 1

Mexico

sp. 1
Lesser Antilles

sp.1

Puerto Rico
sp. 1

Jamaica
sp. 1

Cuba
SPisl

Cuba

I T
125 100 75
MESOZOIC

Cretaceous Palocene

T
50

CENOZOIC

Eocene

Oligocene

T
25

Miocene

1 Sp. 2

O2IX3 + PHOM PIO

Pl41OM MaN

$3[|nUYy Ja1ealn

Gondwanan origin
? long-distance dispersal
Supports GAARIandia

Also in: Loxosceles, Sicarius
Heteroctenus scorpions

Not in: Tetragnatha,
Selenops
Binford et al (2008)

Crews & Esposito (2020)
Candek et al (2021)

Chamberland et al (2018)



DEinOpiS continental vicariance? GAARIlandia land bridge

~
Ancestral range estimations

E South America
. Jamaica

Ancestral range estimations
D South America

D Greater Antilles
. Lesser Antilles
. North America
. South Africa
. Madagascar
_ Australia

D Asia

. Africa + South America

suU

GA

§ =

North America sp. 1

Cuba sp. 2

Puerto Rico sp. 1

Hispaniola sp. 1

Costa Rica sp. 1

Colombia sp. 2

[  esser Antilles sp. 1

-Colombia sp. 1

Australia sp. 1
Australia sp. 2
South Africa sp. 2

South Africa sp. 1

-Madagascar sp. 1

-Madagascar sp. 2

Menneus South Africa sp. 1
Menneus South Africa sp. 2

i
\
\
|
:
R !
. Hispaniola EHI+CU !
. Puerto Rico Il HI+JA h
!
. Cuba Q o '
: m Hispaniola
| | . ' ! sp- 3
' ' ! | |
| | i |
' ) ! !
' ) ! !
! ! | ' Hispaniola
! = ; m[l 7 (]
| | [ & \
“ | 0 j | [ H+PR
) | | |
3 E E : Puerto Rico
! ' I h sp. 1
) ! ! !
) ! ! !
B shet : : ] :
) ! | \
SA+JA 9 | | i Y : Hispaniola
| : : 1 G' s Hi sp. 1
B HI+PR ! ' ' !
Il sA+PR l ' : ‘
) ! ! !
; : . ) French Guiana .
| ' ' ' sp- 1
) ! | |
SA | ' | ,
' ) ! ! !
1 1 : : : Colombia
| | . | : sp. 1
40 30 20 10 0 .

Millions of years ago

Greater Antilles colonized 1x from S America
- back colonization
African origin of the Old World taxa

100

80

60

Millions of years ago

40

20 0

Chamberland et al (2018)



Um midia continental vicariance?

Halonoproctidae — Laurasia breakup

Z33 Brachythele sp.
: : : : : : . : MY557 Stasimopus mandelai
261 - MY2104 Migas variapalpus

MY604 Segregara sp.

MY2234 Myrmekiaphila fluviatilis
Z715 Cyrtocarenum grajum

Z713 Cyrtocarenum cunicularium
2627 Cteniza moggridgei

Z777 Cteniza sauvagesi

MY457 Cyclocosmia truncata
AUMS139 Cyclocosmia sp. :
MY2277 Bothriocyrtum californicum [
MY278 Hebestatis theveneti
Z821 Latouchia sp.

MY2070 Conothele sp.

MY2042 Ummidia sp.
—‘——E MY2312 Ummidia sp.
; =Y MY2815 Ummidia sp.

—

220

MY2696 Ummidia sp.
MY2695 Ummidia sp.
AUMS116 Ummidia sp.
Z597 Ummidia algarve La ura Sia b rea kU p
Z121 Ummidia picea

Z817 Ummidia algeriana ~ 55 Ma

Z582 Ummidia sp. Morocco

2584 Ummidia aedificatoria

Lauraéia split Hercynianébelt 2668 Ummidia sp. Tarifa North American land bri dge
: A  breakup A | Messinian salinity crisis
up to~ 25 ma

200.0 175.0 150.0 125.0 100.0 75.0 50.0 25.0 0.0 My
Opatova et al 2013



Ma Cro th EIE continental vicariance?

21 species

Bern Convention (1987)
EU Habitat Directive (1992)
- Species of community interest, need of strict protection

M. cretica IUCN red list, data deficient category Raven 1980
Macrothelidae

both considered sedentary

Opatova et al 2014



Ma Cro th EIE continental vicariance?

Gondwana breakup

European Macrothele are not sister species

2x colonization of the Mediterranean
- Walking

Late Jurassic

I M."Congo”
Early Cretaceous M. cretica

. M. yaginumai
M. calpeiana
M. “Vietnam”

M. gigas

KT boundary Gondwana split

A A‘ Indian plate attachment

Eocene 260 50 100 50 0

Opatova et al 2014



Moggridgea continental vicariance?

Migidae — Gondwanan distribution

p— e 1\ J2NIPPE
IDIOPIDAE Euoplos
1/100

Moggridgea
1/100 Ll

M. mordax

M. terrestris

M. rupicoloides
M. peringueyi

M. intermedia
1100 M. rainbow{

! | Western River
M. rainbowi

M. rainbowi

M. rainbowi ¥ anerican River

1/100

MIGIDAE M. rainbowi
B. opimus
B. opimus
B. opimus
B. mysticus
B. mysticus
B. mysticus
B. tingle
B. tingle
B. tingle
B. tumidus
B. tumidus
B. monachus
B. monachus
B. monachus
B. pandus
B. pandus
B. colonus
B. colonus
B. colonus

1/100
Bertmainius

SW. Western
Australia

0.3

Harrison et al 2017

Cethegus

Parameters TMRCA Node 1 TMRCA Node 2 (KI Population Divergence) Posterior Posterior
(Moggridgea Dispersal) +95% Highest Posterior Density Mean ESS
+95% Highest Posterior
Density
Strict Clock, GTR Models, Speciation: 16.02 6.39 -6059.22 20.04 X
Yule Process 8.87-25.60 3.48-10.23
Strict Clock, HKY Models, iati 227 1.10 -6478.87 1449.97
\ Yule Process 1.89-2.65 0.87-1.34

Strict Clock, GTR Models, Speciation: 15.98 6.35 -5813.92 8.93 X
Birth-Death Process -

Kangaroo 8.63-25.96 3.55-10.37
Strict Clock, HKY Models, Speciation: 2.27 1.10 -6259.82 1672.67

Island N
Birth-Death Process 1.91-2.67 0.86-1.34
Exponential Clock, GTR Models, 10.59 4.06 -6021.34 5.93
Speciation: Yule Process 4.01-19.94 1.59-7.66
Exponential Clock, HKY Models, 3.54 1.75 -6155.69 2310.32
Speciation: Yule Process 2.35-4.96 1.17-2.45
Exponential Clock, GTR Models, 10.49 3.69 -5789.97 7.62
Speciation: Birth-Death Process 3.97-19.71 1.60-7.45
Exponential Clock, HKY Models, 3.54 1.73 -5936.87 1607.35
Speciation: Birth-Death Process 2.36-4.92 1.16-2.40
Lognormal Clock, GTR Models, 15.44 5.96 -6035.79 9.76
Speciation: Yule Process 5.36-27.15 1.62-11.13
Lognormal Clock, HKY Models, 8.48 3.56 -6172.48 1701.01
Speciation: Yule Process 3.33-13.97 1.25-6.53
Lognormal Clock, GTR Models, 15.40 5.77 -5821.38 10.17
Speciation: Birth-Death Process 5.41-27.32 1.51-10.63
Lognormal Clock, HKY Models, 8.48 3.47 -5953.30 1825.83
Speciation: Birth-Death Process 3.32-14.12 1.22-6.37

https://doi.org/10.1371/journal.pone.0180139.t002

2.27 —8.48 Ma

Long distance dispersal — rafting
- Also in Poecilomigas abrahami

Opatova et al 2020



A m a UrObiO ides continental vicariance?

Anyphaenidae

Around the world in 8 million years - rafting e mmonmemmpmon

Ma
10|
8 |
o
3
8
6 |2
s A\. chilensis (AM) ]
065
Cy— 1
o] A mariima (NS) . 3 : ) y 4|2
= 5 ¥ §
(A peta (NN) .
[— ] BE
A. pallida (NN) g
E
el e ) is0lata (AV) o M
(AM)  (AF) (AF) (AT) (AT) (AU) (NN) (NN) (NS) (AM)
A. sp. Fliners (AT) g < g 14 2 S K 8 © @
- o < = ) [ S R 2 g a
0.99 —{ 5 kS < 2 S g = T 3 g
[y = < M <
A. litoralis (AT) 3 < & v < < < £ S
< @ T — < <<
2 :

s /\. 5. Africa (AF) |

—— e— — S (L

— /. africana (AF)

Outgroup (AM) ©

£

Miocene Pliocene Pleistocene g
120 10.0 8.0 6.0 4.0 2.0 0.0 Ma j§
5

S

%]

Ceccarelli et al 2016



BUth US scorpions in Atlas Mountains

Mountains — in situ radiation, microallopatry

Main clades overlap, subclades parapatric

F (11-19)

L(51)

Morocco

/ 1000 km

\ndroctonus spec. (52, 53)

Habel et al 2012




BI’GC/‘I iOStern us scorpions in the Andes

Mountains — in situ radiation
Coastal habitats stable — source of colonization of adaptive lineages

B. quiscapata
Brachistosternus sp. 6
B. donosoi

B. perettii

B. barrigai

B. prendinii

B. kamanchaca
Brachistosternus sp.
B. galianoae

B. ninapo

B. titicaca

B. intermedius (B)
B. intermedius

B. piacentinii

B. kovariki

B. zambrunoi

B. montanus (N)

B. montanus

B. weijenberghii

B. chilensis

B. chango

B. aconcagua

B. negrei

B. cepedai

B. artigasi

B. cekalovici

B. coquimbo

B. angustimanus (N)
B. multidentatus

B. telteca
Brachistosternus sp. 8
B. alienus

B. angustimanus
B. pentheri

B. pentheri (N)

(a)

Speciation rate
0.16

0.12

B. paulae
- Brachistosternus sp.
B. turpugq
B. ochoai
B. sciosciae
Brachistosternus sp. 10
B. ehrenbergii (N)
i sp. 9
B. pegnai
— Brachistosternus sp. 2
B. i PCDC
i sp. 5
sp. 4
B. roigalsinai
B. paposo
. £ B. peruvianus
Ceccarelli et al 2016 2 5 andirus.
B. forruginels inisternus
B. simoneae

Oligocene Miocene Pli Ple|
T T

1
30.0 20.0 10.0 0.0 Million years ago



Primitively segmented spiders sk asia
Ganthela, Sinothela

River formation, mountain uplift

BioGeoBEARS DEC

Sinothela schensiensis

b

Ganthela jianensis
6.8
(3.9-10.8) . ]
Ganthela cipingensis
_1‘L- Ganthela wangjiangensis
(9.522.8) 5.0 F
2879 Ganthela venus

12.7
(8.1-19.9)

Sinothela sp6

Ganthela yundingensis

(3.8-10.4 r———— Ganthela gingyuanensis

19.5 (3.2.—8.8) ll Sinothela sp1

(12.7-30.2 L———— Ganthela xianyouensis

8 Sinothela sp2

Sinothela sp2 Yichang
ll Sinothela luotianensis

Sinothela sp1 Badong

Ganthela xianyouensis

Sinothela luotianensis Luotian Ganthela qingyuanensis

Ganthela yundingensis

Ganthela venus

Ganthela wangjiangensis

Ganthela cipingensis
Luquan
Yongnian

Ganthela jianensis

Ty on

Go’ge

Y 3.1(1.9-3.9) 1.  Yangtze River formation (23-36.5 Ma)
Q) A1 1254 Gaoling 2. Qinling—Dabie mountains (2.6-23 Ma)
Sinothela schensiensisJI;!nzy;anr?g 3. Taishan Mts uplift - unsuported
¢ 4.  Taihang Mts (3.6-5.3 Ma)
_ 50 00 5.  Yellow River formation (1.8-3.6 Ma)
Miocene o [PLI QU] 6

. Ordos bend coincide with its origin (1.6 Ma) Xu et al 2018



| H. globifer

(@ !
| H. gurdus

Harpactocrates Climate: Glaciations

Central

H. gredensis

H.n.sp.“Sao Mamede”
H. meridionalis [w]
H. radulifer

Dysderidae

8 ‘ H.n.sp.“Leonese”

Harpactocrates o
i Npe

Ground-dwelling, sedentary
Western Mediterranean

] H. ravastellus

| H.n.sp.“Cantabrian”

c
T
=
S
=

H. intermedius
H. drassoides
P. romandiolae
P. loboi

H. globifer

H. gurdus

i3 H. sp.

- s[®__ H.n.sp.”Sao Mamede”
' H. gredensis

| "‘ﬁ| H. gredensis

Central

b dl
= H.sp. —

l_% H. cazorlensis
=® '

L H. meridionalis

_'__é H. radulifer

&

¥ ! % H. ravastellus
’ 500 Kilometers - ?1 > s
| ; 1| | ———"®—_|H.n.sp."Cantabrian” 5
S Harpactocrates . ) s
. ! ] H. apennicola S
Early Middle Late Pliocene Pleistocene i H. intermedius
Miocen Miocene Miocene H H 1 H "
igali Langhian Serravallian Tortonian Messinian | Zanclean Placenzian| ! ! ! } ] H. drassoides
] | | e | |
{rt H.n.sp.“Leonese”
: ‘ oT | ! ! f :
o | ‘ : Parachtes : : L ’
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Idiopidae cClimate: Aridification of Australia

Trapdoor spiders
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Summary

Laurasia breakup ~55 Ma
Amalgamation of Gondwana 520 — 510 Ma N Am land bridge ~ 25 ma

- southern hemisphere

Hercynian belt breakup 30 - 25Ma
Laurentia, Baltica, Siberia — in the north

- formed Laurasia in Paleozoic, ~ 300 Ma Beatic Rif broke of Sardinina + Corsica
~20Ma
Late Paleozoic — Pangea formation — Sardinia + Corsica collided with Italy,

- lasted ~ 100 Myr
10 — 5 Ma final separation of Sardinia + It
Pangea breakup
- Central Atlantic ridge ~ 200 Ma Messinian Salinity crisis 5.93 — 5.3 Ma

5.3 Ma Opening of Strait of Gibraltar
Lower Jurassic ~ 180 Ma E/W Gondwana breakup

Upper Jurassic ~ 160 Ma India-Madagascar/Antarctica [gst glaciation: 2.58 Ma to 12 000 ya
~ 160 Ma Antarctica/Australia

Lower Cretaceous ~ 140 — 130 Ma S America/Africa

Upper Cretaceous ~ 80 - 90 Ma Madagascar/ India

~ 50 Ma India collided with Asia



