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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, competition, host distribution....

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

...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)
Wegener (1912) not accepted until 1960s

—> Dispersal 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 rich in Arachnids, extinct lineages - difficult to assign
- modern lineages in amber:
Burmese (~100 Ma), Baltic (~44 Ma), Dominican (~30 Ma)

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



Phylogeography PHYLOGEOGRAPHY

Phylogenetics + Biogeography (Avise 2000)

Geographic distribution of genetic lineages

The question remains:

- Which processes shaped their current and past spatial distributions

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
Key role in colonizing new habitats

- weak population structure in highly mobile groups
- deep population structuring in sedentary groups

Passive dispersal:

Phoresy: pseudoscorpions, mites, Attacobius attarum - 1

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

Host mediated — ticks, mites




Dispersal in Arachnids

Active dispersal:

Ballooning: spiders, usually long distance (efficacy varies)

Sailing — short distance dispersal
Walking

Tumbling - Cebrennus rechenbergi

Jaeger 2014 Hayashi et al 2015



Phoresy

Non-vagile individual attachment to a “carrier”

Colonization of temporary habitats

Dunlop & Penney 2012
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Phoresy - Lamprochernes chyzeri (chernetidae)

No geographic structure across Europe

Shared haplotypes > 1500 km, highly effective

-

A

Chrystophoriova et al 2023



Host mediated dispersal and radiation

Rhipicephalus ticks
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Rhipicephalus ticks

Host-enabled dispersal events to new environments

followed by local adaptations

—larger ranges, slower rates

on small and less mobile hosts

> smaller ranges, faster rates

Bakkes et al 2021



Ballooning

Aerial dispersal in spiders

Long/ short distance dispersal

- juveniles of large species
- adults of small species

common in Araneomorphae
- may differ within a family
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Argiope bruennichi — range expansion

Mt diversity
- higher in invasive populations

Body size
- smaller in invasive populations

Cold tolerance
- differences in gene expression

Native Europe
Invasive Europe
Southern Caucasus
Russia
Central-Asia
East-Asia
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Cheiracanthium punctorium — range expansion

Initial environmental change triggered preadaptation

smaller body size in expanding populations

- microsatelites native populations
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Sedentary/less vagile arachnids

Vicariance (all scales) + some dispersal

Tendencies to micro-endemism

w J/




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
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Lower Jurassic ~ 180 Ma East/ West Gondwana breakup

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

Upper Cretaceous ~ 80 - 90 Ma Madagascar/ India



Early Cretaceous

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

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

Ms. Ayanna Williams
Cox et al 2010 730 cm/30 yr
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Palpimanoidea continental vicariance?

~ Gondwanan distribution

araneophagous: modifications

Palpimanidae
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Ummidia continental vicariance?

Halonoproctidae — Laurasia breakup
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Pal pl manoidea continental vicariance?
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Deinopidae continental vicariance?
GAARIlandia land bridge
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Greater Antilles and Aves Ridge
—land bridge connecting S America with the Greater Antilles

Eocene — Oligocene ~ 35 -33 Ma Chamberland et al (2018)



Deinopidae continental vicariance?
GAARIlandia land bridge
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DeinOpidae continental vicariance?
GAARIlandia land bridge

Ancestral range estimations
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Amaurobioides continental vicariance?

Anyphaenidae

Around the world in 8 million years - rafting N
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River formation, mountain uplift

Primitively segmented spiders SE Asia
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Mountains -in situ radiation
microallopatry

Buthus scorpions in Atlas Mountains

Main clades overlap, subclades parapatric

F (11-19)

Morocco

's mauritanicus*
Jroctonus spec. (52, 53) -

Habel et al 2012 ot




Mountains -in situ radiation
microallopatry

Brachiosternus scorpions in the Andes

Coastal habitats stable — source of colonization

(@) E

Speciation rate —

0.16 E
0.14 _d

0.13

0.12 e

Ceccarelli et al 2016
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CIimate: Aridification of Australia

Idiopidae trapdoor spiders

*
Euoplos <
I(arid zone clade) Pilbara
(arid zone)
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o 6
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o i
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Rix et al 2017
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Island biogeography: dispersal vs. vicariance

carrying capacity = turnover equilibrium

Small
Near
Immigration Extinction
«
(4]
o
Car >< Large
"
’ ‘
/‘__—_’_/"‘
Cox et al 2010

No. of species present

Continental islands — split from a larger landmass; vicariance® + dispersal

Oceanic islands — volcanic de novo origin; dispersal, introduction



Oceanic islands “biodiversity and evolutionary lab”

| Il |
\ \ Successive colonization
¢ B é' g J\__*_ abundancy of available niches

—> adaptive radiation

(a) X (b) X (c) X

volcanic hotspot

Kure 30
°

Shudvmy 2 Hawaiian island chain  colonization via:
Lisianski 23.4
. .Laysan.?g .
‘Gardner12,3 - ba”oonlng
.'0 'Neckar 10.3 - rafting
Ninau 49 QIS - anthropogenic introduction
NA Oahu 3.6
Kalla g Molokai 1.8
Lanai 1.3 ?
0 Maui 1.3-1.1 ’

Hawaii 0.4-0.2 Cox et al 2010



Hawall Theridion grallator
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Juan Fernandez Linyphiidae

50 native sp. of spiders
~ (0) H
Robinson Crusoe O'Higgins Guyot ¢ b : 70 A’ .e " d © r.T] ¢
Alejandro Selkirk Issla:r:gsCIara ) Valparaiso ®'« : 40 % LI nyp h I I d a e

Island

@ Q Nazca Plate

Juan Fernandez Archipelago 3 8 4 1 Mya CHILE- ;

Robinson Crusoe
Island

(C)) .- O'Higgins Seamount

Alejandro
Selkirk Island

Arnedo & Hormiga 2020



Stemonyphantinae &Wu!ssabaﬁm
—”’—qr_ o Pyahanios

.,

Labulla thoracica o,
TP

vhia Irnangularis
W7 dana

7

Erigoninae

Distal erigonines

Arnedo & Hormiga 2020

Ga rynhirvrhs

a Dubiaraneinae

T—— w71 Laminacauda sp. 2
ocobledus sp l-&..,ms Laminacauda baerfi

Erigoninae
(cont.) '.-

~ Neomaso

pueso Genus? sp.
Ostearius melanopygius
w670 Ostearius sp.

w59 Laminacauda sp. 1
71 | aminacauda nana
:: Laminacauda parvipalpis

%3 | aminacauda diffusa

s Lammaa!uda plagiata

m Laminacauda propinqua

Laminacauda

Allomengea sp

Asthenargus edentulus I
vivum

O fa benshangensis
bt
51 inerans

Hyl) oS amx'mcnla JF45
fo— 0s o
(it | =
Jre?
Ly Ceratinella o s e Laminacauda
2 s Danschanicus ires
‘I;S A JF13
P osz
m Ebtdmosum JFaa
JF3)
fo&:lm
wsalus rubens
tium rubellum
0 sundeval
'BC‘QO( "
Ternalus malleatus

03

5 independent colonizations
(Laminacauda 2x)

—adaptive radiation

Lammacaudaspn 1=Ln.sp.CH;2=L.n.sp.CO;3=L.n.sp. FC 4 =L, n,sp.FP:5=L. ansoni
6 = L rubens; 7 = L. gigas; 8 = L. magna; 9 = L. malkini; 10 = L. tuberosa; 11 = L. villagra.

- spatial distribution
- foraging strategy



“Old taxa on young islands dilemmma”

(b) Laminacauda L.n.sp. CH JF42

L.magna JF20

S L.n.sp.FP JF19

: IL. a;lrlsoni Jj:|:391:2

.villagra
€ [ [ibens JF27
= , L.gigas JF15
L. malkini JF34
) S é L. tuberosa JF87

(a)

Neom. Laminacauda

L.n.sp. FCH JF725
L. propinqua JF651

9 8
LU L= (€) Neomaso /’ ’

N. cf. insulanus JF80
‘ N. n.sp.‘Long-legged’ GH1360
’ N. defoei n.comb. JF86

10 9 8 7 sAs 4 3 2 1 0

(d) Juanfernandezia

J. melanocephala PK657

J. n.sp. PK660

28 24 20 16 12 8 . 4 0

Fossil and mt rate calibration in agreement Arnedo & Hormiga 2020



Canary Islands

high levels of endemic organisms



Canary Islands

Dysdera

oniscophagous
sedentary

dispersal by rafting

Macias-Hernandez et al 2016




Harpactea hombergi
Stalita stygia
Harpactocrates radulifer
1 Dysderocrates silvestris

4 Dysdera adriatica

2 — Dysdera ninni
Dysdera scabricula

Dysdera fuscipes
Dysdera cf. seclusa
Dysdera sp. MB
Dysdera edumifera
Dysdera sp. MH
Dysdera atlantica
Dysdera sp. MA
Dysdera mucronata
Dysdera sp. MD

|en

Dysdera sp. MF
Dysdera crocota
Dysdera mauritanica
Dysdera sp. MC

O Dysdera lancerotensis
Dysdera erythrina
Dysdera coiffaiti

Dysdera lon:
Q Dysdera nesiotes
Dysdera spinidorsum
Dysdera sanborondon
@ Dysdera sibyllina.sp.
Dysdera andarnanae
Dysdera madai n.sp.
© Dysdera Iguanensis A
O Dysdera iguanensis T
L Dysdera labradaensis
~® Dysdera montanetensis
9 Dysdera volcania
@ Dysdera ambulotenta
9 Dysdera gibbifera
Q Dysdera enghoffi
Q Dysdera silvatica P
O Dysdera silvatica G
) Dysdera silvatica H
Dysdera guayota
Dysdera chioensis E
@ Dysdera chioensis W
Dysdera unguimmanis
O Dysdera bandamae
2 Dysdera tilosensis
Dysdera gomerensis G
Dysdera gomerensis H
Dysdera yguanirae
Dysdera arabisenen
Dysdera rugichelis
Dysdera paucispinosa
Dysdera ratonensis
Dysdera liostethus
Dysdera liostethus
Dysdera curvisetae
O Dysdera insulana
D Dysdera cribellata
O Dysdera ramblae
_‘ Dysdera orahan

O Dysdera calderensis G
O Dysdera calderensis P
O Dysdera brevispina
9 Dysdera verneaui
Dysdera levipes G
Dysdera fevipes T
Dysdera gollumi
2 Dysdera macra
2 Dysdera brevisetae
Dysdera esquiveli
Dysdera hernandezi

0

Dysdera lucidipes melillensis

Dysdera alegranzaensis ~ |

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

= iguanensis

labradaensis
— montanetensis
— volcania

ambulotenta

gibbifera

hirguan
enghoffi

strategy

oniscophagous
non-oniscophagous

tactic

(O unspecialized
pincer

@ fork

@ key

% dagger

habitat

Laurus-Erica
Pinus

& shrubs

® shore

% cave

n.sp.
silvatica
— guayota

L chioensis
unguimmanis

bandamae

tilosensis
gomerensis

yguanirae
rugichelis
arabisenen
paucispinosa
ratonensis
curvisetae
liostetha

[ insulana
cribellata

chelicera

) unmodified
elongated

@ concave

@ small

% flattened

— ramblae
— 1 orahan
calderensis

brevispina
E vemneaui

levipes

minutissima
— gollumi

macra
—-'F breviseta
1 esquiveli

hemandezi

strategy

tactic

00080

PROAGERRIIGGIINPIIGIPGIIPGIIIICGEINIPDOPGIGINGGGIND body size

habitat

*

Q@ ® %%

%

* §aOe
*@ 000 900x00

* %

chelicera

)L

YO)(

OO0

8
=
NS
8 66

Co-occurring species
Differences in:
related to prey capture

different microhabitats

Rezad et al 2020



Continental Islands

— geological history of the Western Mediterranean

Oligocene (30 Ma) ‘ . Middie Miocene (15 Ma)
== N Basin

Ioeria

Rosenbaum et al. 2002 Paillo etal. 2008



-0[ Dysdera gomerensis L133
Dysderagomerensis L132
5

—E
Dysderacalderensis L130
_OE ysderacalderenss 0

Dysderasitiaticak4
_:é DysderasibatcaX|1?
ilvaticaK16

Continental Islands e

jus L107

Parachtes - Dysderidae (generalist)

S d t Parachtes
T )
9.K306
——— p.K484
> .
T ‘Hofissus unciger K460
Segestria sp. K200
T 1
125 100 75 50 25 0.0
[ Hercynian microplates breake up and start to drift
[ Corsica and Sardinia startto break off
. T corsc,Srin ) ol vithhe Apuanplte
H e r C n I a n e t r e a u [T connetion of the Thyrrenian Islans with the Apulian Plate
[ Openning ofthe Thyrrenian Sea
Cretaceous Paleocene Eocene  Oligocene Miocene Plio-Pleistocene

® @
., ™ m B =

©)

Hercynian microplates Corsica and Sardinia + the Calabro-Peloritan massif Openning of the Thyrrenian Sea (10-4 Ma) ®
breakupandstarttodrift starttobreakoff 2115 Ma), and collide with the @
(30-25 Ma) Apulian plate (20-18 Ma)

Parachtes

@®

Bidegaray-Batista & Arnedo 2011

Hercynian - Italian clade



Continental Islands - ummidia

Trapdoor spider with ballooning capability
mostly vicariance

: AUMS116
i 29 (2587) Ummidia sp.
—G1 (2649) Ummidia sp.

G8 (2610)
—E G9 (2599)
G30 (2600)

G2 (2592)

(@

E Western clade

U. algarve

. i ; - G28 (2582) Ummidia sp.
Maghrebian clade ° (G32/(2680) Ummidia sp.

G26 (2817) | U. algeriana

G18 (Z586)

G34 (2584) U. aedificatoria

L J 2
| | Ummidia sp.
| | Tarifa
. ._Q G1 66)
Betic-Rif clade ——— G13 (2687) Ummidia sp.
i G112 (2681) Ummidia sp.
_C:GH (2170) Ummidia sp.
" ; G831 (2164) Ummidia sp.

: i G24 (2126
Easter Iberian clade —g_ B 52702;
5 - — G23 (2693) U i
G20 (2643) | V- Pced
G19 (2647)
i i i i G22 (Z704)
i 5 i i G21 (2701)
| Eocene Miocene | Po Y
50 40 30 20 10 5 25 0

Opatova et al 2016



Summary

Continental drift

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

Lower Jurassic ~ 180 Ma E/W Gondwana breakup

Mediterranean Basin
Hercynian belt breakup 30 - 25Ma

Baetic Rif broke of Sardinia + Corsica
~20Ma

—> Sardinia + Corsica collided with Italy

10 — 5 Ma final separation of Sardinia + It
Messinian Salinity crisis 5.93 — 5.3 Ma
5.3 Ma Opening of Strait of Gibraltar

Last glaciation: 2.58 Ma to 12 000 ya

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

~ 50 Ma India collided with Asia

Laurasia breakup ~55 Ma

N Am land bridge ~ 25 ma



