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Paleobiological Paleobiogeography

Definitions

Biogeography - The study of the distribution and abundance
of species, populations, comunities, biomes and ecosystems

IN geographic space.

Paleoblogeography - Biogeography studies in the additional
context of geological time.

@ Taxonomic Biogeography

¢ Phytobiogeography - the study of the geographic distribution
of plant species in the Recent, in historical times, and in the
geological past.

© Zoobiogeography - the study of the geographic distribution of
animal species in the Recent, in historical times, and in the

geological past.

Maps from Botti (2018, top) and Proches & Ramdhani (2012, bottom)



Paleobiological Paleobiogeography

Definitions

(Paleo)Biogeography - The study of the distribution and
abundance of species, populations, comunities, biomes
and ecosystems in geographic space (and through
geological time).

® Subfields

Historical Biogeography (paleobiogeography) - the study of
the distribution of species in the geological past. (8 e reiam

15.4-41.0

© Ecological Biogeography - the study of the factors
responsible for the spatial distribution of species.

= Conservation Biogeography - the study of how the spatial
distribution of species has changed in historical times and
what can be done to correct or mitigate human influence

on nature.

Maps from Tsai et al. (2020, top) and Malhado et al. (2013, bottom)



Paleobiological Paleobiogeography

Biogeographic Taxonomy

The hierarchical structure of biogeographic organization
differs from the ecological structure insofar as it is based
on a complex mixture of physical and biotic defining
criteria.

® Biogeographic Structure

Realm - spatially, the broadest subdivision of
biogeographic organization based on distributional patterns
of species; typically divided into

provinces, bioregions and ecoregions.

Province - large regions in which species have been
evolving in isolation for a long period of time and that are
separated from other such regions by barriers to migration
(e.g., oceans, deserts, mountains).

Blome - a large, non-unique collection of species
occupying a major habitat.

Map from Botti (2018)



Paleobiological Paleobiogeography

Global Biogeographic Realms (Recent)

In 2013 Wallace’s system of the subdivision of the globe into seven biogeographic realms was revaluated
In light of the evidence that has accounted over the 20t century. The result of this refinement was an
iIncrease in the number of realms to 11.

Map from Holt et al. (2013)



Paleobiological Paleobiogeography

Global Biogeographic Realms (Recent)

A tabulation of 21,037 species distributions compiled by the Holt et al. (2013) research team allowed
level of evolutionary uniqueness, or endemism, to be estimated for each biogeographic province.
These data suggest the Australian province is the most unique, the Palearctic the least.

Map from Holt et al. (2013)
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Global Biomes (Recent)
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subtropical and tropical dry forest
tropical rainforest
alpine tundra
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Globally there are 18-20 generally recognized biomes or habitat types. Habitats represent areas of
similar physical attributes and biotic resources available to species. Ecologically species subdivide

habitats into niches in order to reduce inter-species competition. -
Map from Koistinen (2007)



Each major biogeographic realm is subdivided
iInto a series of provinces that are further
subdivided into bioregionsand/or ecoregions

Paleobiological Paleobiogeography

Biogeographic Provinces (Australasian Realm)

Tropical/subtropical dry for-
ests

Tropical/subtropical grasslands and
savanahs

Temperate forests

Temperate grasslands and
savanahs

Flooded grasslands and savannas

Montane grasslands

® Deserts
®

Map from Terpsichores (2012)
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North American Biogeographic “Provinces” (Turtles)

Biogeographic classifications can also be produced for any taxonomic group.
Maps from Ennen et al. (2017)
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Marine Biogeographic Realms (Recent)
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Jaccard Index

J=ANB/AUB

Paleobiological Paleobiogeography

Assessing Patterns of Biogeographic Similarity

RSCI B =

Turtle province

All
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Data from Ennen et al. (2017)
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Assessing Patterns of Biogeographic Similarity

Madagascan
(MA)

Excluded

Diagram from Wang et al. (2024)
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Assessing Patterns of Biogeographic Similarity

(b) Dendrogram (c) NMDS (realms) (d) NMDS (regions)
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Diagram from Wang et al. (2024)
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Paleobiological Paleobiogeography

Paleobiogreography & Plate Tectonics
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Map from Smith & Tipper (1986)
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Paleobiogreography & Plate Tectonics
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Paleobiogreography & Plate Tectonics
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How do disjunct geographic ranges come about?

0 S00 1,000 2,000

— e — kilometers

S. v. argenteus. West Siberia (3) @ S. v. balcanicus. Balkan Peninsula (4) @ S. v. fuscoater. Central Europe (7)
@ S. v. infuscatus. Iberian Peninsula (9) @ S.vitalicus. Central Italy (10) *S. v. leucourus. UK Cumbria pre-1980 (13)

*S. v. leucourus. UK Dorset (13) S. v. vulgaris. Scandinavia & European Russia (17) S. v. mantchuricus. Manchuria & Hokkaido (14)
* -
putative

Map from Marr & MacLeod (2019)



Paleobiological Paleobiogeography
Dispersal Biogeography
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Geographic dispersal occurs when a population or species surmounts a barrier to gene flow
(interbreeding) that restricted its geographic range in former times.
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Dispersal Biogeography

Seed-Dispersal Adaptations

by the wind by animals by water by bursting by humans

violet
, .
\

o cherry
blackberry coconut

© 2006 Encyclopaedia Britannica, Inc.

Many plants depend on the dispersal of their seed, and so have evolved various morphological
adaptations to take advantage of features of their local environments for this purpose.
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Dispersal Biogeography

With Eurapean eel populations in decine the
multinational Eelad project was set up to
shed light on adult migration from European
freshwaters to the Sargasso sea, where the
eels spawn and de - larvae drft back in 3

Caribou, of reindeey, roam acrass North America,
nerthem Europe, Asia and Greenland. The Percupine
herd, whose migration patterns are shown here, have
been well studied thanks to the use of satellite
collars The herd spends spring on the Arctic coastal
plains, with winter ranges including the Oglwe Joumey that is thought to take up to three
mountains. The Poecupine river running theough years Tagging experiments elucicdated
the Ltter gives the herd Xs name detals of the carly stages of the eels’
migration, as well as insights inte predation

This small bird covers arcund 70,000 km in 2 round
trip. Strapping trackers to the backs of these birds,
scentats mapped their S-shaped route in 2010,
revealing that they take a pit stop just north of the
Azores. The birds begin to head south in August
and spend arcund five months in narthem
Antarctica bafoce starting thek retum jourrey to
the Ar in April

~ _

Northem wheatears have breeding grounds across the northem
hemisphere. In 2012 researchers revealed that those breeding in
Alaska fiy up 1o 15,000km across Asia to sub-sabaran Africa where
they winter, while those from the eastern Canadian Arctic cross
the north Atlantic in a 3,400km journey to Britain where they stop
off before heading around 4,000km south

These whales spend summer in ther
northem feeding grounds befoee migrating
south to winter and breed. The western
population, found off the coast of Asia, is
thought to stand at fewer than 150 whales,
while the eastern population numbers
nearly 20000, An eastern grey whale
heading to waters acound Baja, Californa
can cover up to 20,000km in a round trip

10. WHITE-BEARDED BLUE WILDEBEEST

The 1.5 milicn western whte-bearded
wildebeest of ¢ erengeti Mara ecosyst
UTHERN AUSTRALIA migrate in a clockwise loop every year in search
of new land to graze. But they aren the cnly
m‘mm ones: 250,000 zebra and around 3 0 gazelle
’ Melbourne » also migrate across the plains of Kenya and
Tanzania A recent study found both wildebeest

The bar-tailed gochwit s no stranger to » and zebras take action to avokd humans

long-distance flight. Recent satellite tagging has

1t takes around four generations of Monarch
butterflies to complete the annual migration

Area of detall

revweakd the the Alaskan breeding subspecies
can travel 11,500km across the Pacific Ocean to
New Zealand [without stopping) in fewer than 10
days. The return journey takes the birds from
New Zealand to eastern Asia where they refuel
before returning to Alasks

Ccyche, with the first generation emerging in
northern Mexico and the southem states of
the US before flying to northem Amenca and
Canada. It i the fourth generation that make
the epic joumey to Mexico where they
Ribernate over winter before flying north to
breed - and the cyclke begins again.

Area of detal

Orange-belied parrots nest in south-west
Tasmania but by March they head north to ther
wintering grounds in the salt marshes of Victoria
and south-east Australia, stopping at King Island
on route. These bright birds are cow of only a
tinyy hanctiul of migratory pamot species, but
they are on the verge of extinction with fewer
than 50 thought to remain in the wikl

Animals also exhibit a wide range of adaptations

Recent wark by biclogist Charles Anderson,
drawing on cbeervations and isotope studies,
$099ests these dragonflies crods the ocean in a
multi-genention migration fram India to the
Maldives and then on to east Africa - and back -
in 2 joumay that is estimated to cower around
18,000km. It s thowght the insects hitch a ride on
Fogh-altitude winds to follow the rains

that allow th

KENYA

Masai Mara
national park

Serengeti

\\ national park

Ngorongoro

Maswagame conservation area

reserve

TANZANIA

em to disperse across vast distances.
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Dispersal vs Vicariance Biogeography
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In the classic sweepstakes dispersal model dispersal events are independent. This means that they
would (1) not always follow the same geographic track and (2) have different times associated with

different dispersal-based speciation events. Diagram from Chacén et al. (2017)
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Vicariance Biogeography

Reas &
Tinamous

Dispersal Vicariance

Dinornis NZ

Anomalopter NZ

Emeus P N7

Rhea _ SAM

Pterocnemia SAM

Struthio AFR

Apteryx | NZ

Casuarius AUS-NG

Dromaius AUS

[inamu SAM NG

Eudromia SAM
Phylogenetic tree Taxon-area cladogram Area cladogram

In the classic vicariance model dispersal events are coordinated. This means that, among multiple
lineages, they would (1) always follow the same geographic track (2) have similar times associated with
different dispersal-based speciation events and (3) the ancestral species would be have been present

In both old and new areas.
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Vicariance Biogeography

‘J

Rhea Ostrich  Cassowa ry Emu

A vicariance event occurs when formerly contiguous population is divided by the appearance of a barrier
that restricts its gene flow/interbreeding.
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Dispersal vs Vicariance Biogeography

Dispersal Model Vicariance Model

1. Start with one
continuous
population.Then,
colonists float
toanislandon a
raft.

2. Island population
begins to diverge
due to drift and
selection.

3. Finish with two
populations
isolated from one
another.

1. Start with one
continuous
population.Then
a chance event
occurs that
changes the
landscape

(river changes
course).

2. Isolated
populations begin
to diverge due to
drift and selection.

3. Finish with two
populations
isolated from one
another.
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Dispersal vs Vicariance Biogeography

Paleobiogeography: Vicariance and Dispersal

Node agos
® Groater than 1.5 Myr
® Beotwoeon 1 and 1.5 Myr
O Less than 1 Myr
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