Historical Biogeography

" . . . that grand subject, that almost keystone of the laws of creation,

Geographical Distribution™
[Charles Darwin, 1845, in aletter to Joseph Dalton Hooker,
the Director of the Royal Botanic Garden, Kew] 9
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Once distributions of organisms
are known (floristics), attempts to
reconstruct the origin and subsequent history
of taxa and areas are possible (historical biogeography)
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Historical biogeography requires
knowledge of the evolution of both
taxa and areas — not surprising then that
Darwin considered “Geographical Distribution’
such a keystone feature of natural history

’



Historical Biogeography

Pangaea

* The environmental setting
(climate, wind and ocean currents,
positions of |andmasses, vegetation
types) has not been constant or
static over time — but dynamic

220 million
years ago
There is only one land
mass, Pangaea, in a vast
ocean called Panthalassa
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Lawrasia —
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200 million

years ago

The growing Tethys
Sea splits Pangaca into
Gondwanaland and Laurasia.
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Historical Biogeography

Pangaea

 This geological evolution (area
evolution) Is thus an important
component of the “historical
setting” or historical biogeography

220 million
years ago Panthalassa
There is only one land

mass, Pangaea, in a vast
ocean called Panthalassa

Lawrasia —

Tethys Sea —

200 million

years ago

The growing Tethys
Sea splits Pangaca into
Gondwanaland and Laurasia.

\ India

Gondwanaland
, Africa

Plate tectonic map showing directional
e movements of major plates

135 million years ago
Gondwanaland splits into Africa and
South America as the South Atlantic

opens up. India drifts toward Asia.
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Historical Biogeography

e plants and animals inhabiting the changing environmental
setting are not constant either

e flora and fauna comprising the vegetation biomes change
over time, often in response to the “geological evolution”




Historical Biogeography

* New species arise in agiven area by
Immigration or from pre-existing species

e Species accumulate variation, adapt, and
further diversify

Tertiary |Quaternary
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Ginkgo biloba A

Ginkgo adiantoides
ca. 56 Myr BP

Ginkgo new species
ca 121 Myr BP

Jurassic |Cretaceous

Ginkgo yimaensis
ca. 170 Myr BP



Historical Biogeography
* Species go extinct and are replaced by

other perhaps more adapted species

e the same holds true for larger lineages
(genera, families) — or taxa or clades

Tertiary |Quaternary
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Ginkgo biloba A

Ginkgo adiantoides
ca. 56 Myr BP

Ginkgo new species
ca 121 Myr BP

Jurassic |Cretaceous

Ginkgo yimaensis
ca. 170 Myr BP



Historical Biogeography

e Thisbiological evolution (taxa or clade
evolution) is thus a second important
component of the “historical setting” or
historical biogeography

Tertiary |Quaternary
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Ginkgo biloba A

Ginkgo adiantoides
ca. 56 Myr BP

Ginkgo new species
ca 121 Myr BP

Jurassic |Cretaceous

Ginkgo yimaensis
ca. 170 Myr BP



Historical Biogeography

Example: Argyroxiphium sandwicense

 Interplay of geological and
biological evolutioniscritical in
understanding why the Haleakala
silversword is found in Maui

« when and where it or its ancestors
came from

e why it is has its morphology,

chromosomes, and physiology.
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Evolution & Biogeography
Biogeography is central to the development of evolutionary theory.

The extensive travels of Darwin and Wallace gave important examples of
biogeographical distributions, associated variation, and evidence of

evolutionary change Charles Darwin and histravelsin the
Galapagos | slands

The natural history of these islands
Is emminently curious and well deserves
attention....Both in space and time, we
seem to be brought somewhat near to
that great fact - that mystery of
mysteries - the first appearance of new
beings on this earth.

........ Charles R. Darwin
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Alfred Wallace and his
travelsin the Malay
archipelago




Evolution & Biogeography
Biogeography is central to the development of evolutionary theory.

The extensive travels of Darwin and Wallace gave important examples of
biogeographical distributions, associated variation, and evidence of

,.eVOI utlonary change : Charles Darwin and histravelsin the
‘ Galapagos | slands
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3 ‘ attention....Both in space and time, we
7 8 seem to be brought somewhat near to
that great fact - that mystery of

mysteries - the first appearance of new
beings on this earth.
........ Charles R. Darwin

alfrwin
_Didn't

LS MUY CULTU lll]lmm .. .were biogeographical!




Evolution & Biogeography

These biogeographical based examples played a pivotal role in the formulation of
both Darwin’ s and Wallace’ s evolutionary theories jointly presented in 1858 in
London and culminating in the publication of the Origin of Speciesin 1859.

Darwin himself never uses the word
_ "evolution" in Origin of Species.
Two points about
this book He calls the process

"descent with modification".

Darwin devoted two chapters
to biogeography in the Origin
of Species. Chapter 11 -
Geographical Distribution;
Chapter 12 - Geographical
Distribution continued

Charles Darwin Origin of Species




Evolution

What isit? adefinition:

The change of genetic materials
(DNA, genes, chromosomes = Genotype),

and thus also of the physical appearance
(morphology, physiology = Phenotype),

within and among populations and species
through time.




Evolution

What isit? Evolution is often separated into:
anagenesis - evolution within a species lineage — modification (Darwin’ s term)
cladogenesis - evolution to form new species lineages or speciation — descent

ANAGENESIS VS. CLADOGENESIS

CLADOGENESIS

N\

ANAGENESIS

(b) Cladogenesis

MORPHOLOGY ——>



Evolution

What does it predict? A treeof lifel

The affinities of all the beings of the same class have
sometimes been represented by a great tree. . . As
buds giverise by growth to fresh buds, and these if
vigorous, branch out and overtop on all sides many a
feebler branch, so by generation | believe it has been
with the great Tree of Life, which fillswith its dead
and broken branches the crust of the earth, and covers
the surface with its ever branching and beautiful

ramifications.
Charles Darwin, 1859




Evidence for Evolution

Biogeography and Comparative Biology — homology vs. analogy

Ca:t CC g

Our discussion of \Vegetation vs.
Flora has already provided
numerous examples of unrelated
organisms showing conver gent
(analogous) features as responses to
similar environmental pressures

Similar body shapes and structures
have evolved in the North American
desert cacti . . .

and separately in the euphorbiasin
southern African deserts

o

Euphorbiaceae




Evidence for Evolution

Biogeography and Comparative Biology — homology vs. analogy

Convergent structuresin the
ocotillo (left) from the North

American deserts. . .

and in the allauidia (right)
from Madagascar.

Foquieria - Foquieriaceae Allauidia - Didieriaceae



Evidence for Evolution

Marsupial mammals

Biogeography and Comparative Biology
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Marsupial mole

The convergence of mammals 4
(marsupials) in Australiavs. the

placental mammals elsewhere in the
world is one of the most spectacular
ples of biogeographical based
in animals aswell as

Tasmanian wolf



Evidence for Evolution

Molecular “fossil” record — phylogenetic trees

The use of DNA to produce (estimate) phylogenetic relationships among
organisms has revol utionized our understanding of character evolution

X . 229 The Giant Panda Is a Bear  The DNA hybeidization
Arug fulgens data used 10 construct the cladogram indicate that the giant
(evaer pandia) panda of Asia is a bear. The besser panda, also of Asa, was

long, thought to be closcly related to the giant panda, but it
is actually moee closely related to raccooas and their allies
of the Americas,

Brown Sun  Spectacied Giant | Lesser
bear  bewr pandal  panda ] Raccoon Dog
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Millices of years g0
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T .
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Ailueropenta seelenplewca (gant panda)




Evidence for Evolution

Molecular “fossil” record — phylogenetic trees

New Zfaland Australia  Australia and Africa
- New Guinea :

The use of DNA to estimate
phylogenetic relationships
among organisms has also
revolutionized biogeography

Moa (4 species)  Kiwi (3 species) Emu Cassowary Ostrich  Rhea (2 species)
| ERtlr Rostic Py | 1 2 3 1 2

Common Australian ancestor
of kiwi, emu, and cassowary

The branching patems on
this tree suggest that kiwis
evolved on Austrdia and
then moved to New
Zealand a1 a later point,

Common ancestor
of Kiwi and moa

Common ancestor



Evidence for Evolution

Molecular “fossil” record — phylogenetic trees

The Brodiaea complex (Themidaceae) in
Californiaand Madrean Region of SW
N. Amer.

Brodiaea
terrestris

California,
Pacific Northwest

Southern California Coast

B Mojave Desert
California

I Mojave Desert
|| Great Plains

Ornithogalum longebracteatum

Ornithogalum caudataum

Albuca pendula

Ornithogalum juncifoli 0ld World
== Scilla natalensis

M Hyacinthus orientalis
B volubilis

Agave celsii

Agapanthus africanus



Evidence for Evolution

Molecular “fossil” record — phylogenetic trees

Brodiaea coronaria
Brodiaea elegans
Brodiaea jolonensis
Brodiaea terrestris

Chronogram of Themidaceae and
Hyacinthaceae

Brodiaea minor

Brodiaea stellaris

Brodiaea appendiculata
Dichelostemma congestum
Dichelostemma multiflorum
Dichelostemma ida-maia
Dichelostemma volubile
Brodiaea orcuttii

Brodiaea filifolia

pem= Dichelostemma capitatum
P Triteleiopsis palmerii
Petronymphe decora

Cdlifornia

Milla magnifica
Jaimehintonia gypsophila
Dandya thadhowardii

Bessera elegans
.E Bessera tuitensis
Milla biflora

Triteleia hendersonii hendersonii
Triteleia hendersonii leachiae
Triteleia crocea

Triteleia grandiflora

pemm Triteleia hyacinthina

P ] rjteleia ixioides

Triteleia peduncularis
Triteleia laxa

Triteleia bridgesii
= Triteleia montana

]

B Triteleia lemmonae

P /0OMmeria crocea

pe Bloomeria humilis

P \fuilla clevelandii

Muilla coronata

Muilla transmontana

s \fusilla maritima

_E Androstephium breviflorum
Androstephium coeruleum

[ Ornithogalum longebracteatum

Ornithogalum caudatum

pe Albuca pendula

Ornithogalum juncifolium

Scilla natalensis

Hyacinthus orientalis

Bowiea volubilis

Agave celsii

California,
Pacific Northwest

[ Western North America
B sonora Desert

Mexico

Southern California Coast

B Mojave Desert
I California




