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Climatic history

Aridification since mid Miocene (20 Mya)

Contraction of mesic environments

Major arid/mesic cycles through Pleistocene (2.8 Mya)



Environmental Futures Network 
Evolution of the Australian Biomes Working group

- reviews of the evolutionary history of the Australian biota 
in arid, mesic and monsoon tropics biomes.

Evolution and diversification 



Arid biome diversification 

Where did the arid biota originate from?

mesic ancestors

single origin

e.g. Tetratheca, Halosarcia

multiple independent derivation

e.g. Acacia

Eleaocarpaceae Crayn et al. 2006

Hill gap (10 – 6 Ma)

early arid phase 

development of lineages 

pre- adapted to later aridity



Speciation and radiation of arid biota throughout Miocene & Pliocene

single origin generally earlier than multiple origins

Timing of diversification 

T im e   G r o u p  R e sp o n se  R e fe r e n c e  
2 0  -  1 0  M a  G o ss ip iu m   

 

A u s tra lia n  c la d e  d iv e rs if ie d  b e tw e e n  2 4 .1  –  9 .4  M a . 

D iv e rg e n c e  o f  a r id  se c tio n s  S tu r tia  (C  g e n o m e ) a n d  H ib isc o id e a  (G  g e n o m e ) a ro u n d  

8 -1 5  M y  a n d  tro p ic a l s e c t. G ra n d ic a ly x  (K  g e n o m e ) 1 0 .5  –  2 1 M y . D iv e rs if ic a tio n  

w ith in  se c t. S tu r tia  e a r lie r  (3 -6  M a ) th a n  se c t. G ra n d ic a ly x  (1 .7  –  3  M a ). 

L iu  e t a l.  2 0 0 1  

S e e la n a n  e t a l.  1 9 9 9  

 A c a c ia  M a jo r lin e a g e s  in c lu d e  a r id  a n d  m e s ic -z o n e  ta x a .  

H ig h e r  se q u e n c e  d iv e rg e n c e  in  a r id  c la d e s  (A c a c ia  v ic to r ia e  g ro u p ) c o m p a re d  to  

m e s ic  c la d e s  (s e c t. B o try c e p h a la e ) .  

M u rp h y  e t a l.  2 0 0 3  

A ria ti  e t a l.  2 0 0 6  

B ro w n  e t a l.  2 0 0 6  

L a d ig e s  e t a l.  2 0 0 6  

 C h e n o p o d s  In itia l  d iv e rs if ic a tio n  o f  A u s tra lia  c la d e  in  c o a s ta l  a re a s  1 9 -1 4  M a . K a d e re it  e t a l.  2 0 0 6  

 S a n ta lu m  D iv e rs if ic a tio n  o f  sp e c ie s  b e tw e e n  1 9  –  6 .3  M a . H a rb a u g h  &  

B a ld w in  2 0 0 7  

1 0  –  6  M a  T e tra th e c a  D iv e rs if ic a tio n  fro m  ra in fo re s t a n c e s to rs  6 -7  M a . In c re a se d  ra te  o f  e v o lu tio n  in  th e  

T e tra th e c a  l in e a g e  c o m p a re d  to  s is te r  l in e a g e  o f  tro p ic a l sp e c ie s  (E le o c a rp u s  +  

A c e ra tiu m  +  S e r ic o le a ) .  

C ra y n  e t a l.  2 0 0 6  

 C h e n o p o d s  R a p id  ra d ia tio n  a n d  e x p a n s io n  o f  S a lic o rn io id e a e  in to  a r id  a n d  se m i-a rid  sa lin e  

e n v iro n m e n ts  a ro u n d  6  -  9  M a . 

S h e p h e rd  e t a l.  2 0 0 4  

 A c a c ia   D iv e rg e n c e  o f  A . lo b u la ta  –  A . ix io p h y lla  3 .8 2  M a . D iv e rg e n c e  o f  A . o ld fie ld ii  –  A . 

a c u m in a ta  .2 .8 7  M a .  

B y rn e  e t a l.  2 0 0 1 , 

2 0 0 2  

6  –  2 .5  M a     

2 .5  –  0 .4 M a  L e p id iu m  G e n u s  o rig in a te d  in  A u s tra lia  th ro u g h  h y b rid isa tio n  n o  m o re  th a n  1 .3 M a , s p e c ie s  

ra d ia tio n  0 .3  –  1 .3  M a .  

M u m m e n h o ff  e t a l.  

2 0 0 4  

 S a n d a lw o o d  D iv e rg e n c e  o f  a r id  a n d  s e m i-a rid  lin e a g e s  o f  S a n ta lu m  sp ic a tu m  0 .8  M a . B y rn e  e t a l. 2 0 0 3  

 A c a c ia  D iv e rg e n c e  o f  a r id  a n d  s e m i-a rid  lin e a g e s  o f  A . a c u m in a ta  1 .0  M a . 

S p e c ia tio n  o f  A . sc io p h a n e s  a n d  A . a n fra c tu o sa  0 .7 2 M a . 

B y rn e  e t a l. 2 0 0 2  

B y rn e  e t a l.  2 0 0 1  

 E u c a ly p tu s  

s e r ie s  S u b u la ta e  

D iv e rg e n c e  b e tw e e n  th e  w e s te rn , c e n tra l a n d  e a s te rn  c la d e s  a t 1 .2 5 , 1 .2 3 , 0 .9 5  M a . 

D iv e rg e n c e  b e tw e e n  w e s te rn  a n d  fa r-w e s te rn  c la d e s  la te r  a t  0 .4 9  M a . 

N ic o lle  2 0 0 8  

 E u c a ly p t D iv e rg e n c e  o f  so u th e rn  a n d  n o rth e rn  lin e a g e s  o f  E u c a ly p tu s  lo x o p h le b a  0 .7  M a . B y rn e  &  H in e s  2 0 0 4  

 E u c a ly p t D iv e rg e n c e  a m o n g  p o p u la tio n s  re s tr ic te d  to  g ra n ite  ro c k s  a p p ro x im a te ly  1 .1  M a . B y rn e  &  H o p p e r 

2 0 0 8  

0 .4 M a  -  

p re se n t 

   

 



Diversification 

Diversification due to specific environments

transition from surface dwelling 
to groundwater dwelling 
in diving beetles, amphipods and isopods
in Pliocene

saline environments

radiation of Salicornioideae in arid and 

semi arid environments in late Pliocene

Halosarcia Shepherd et al. 2004



Rate of diversification 

Generally constant, some exceptions

Gall –thrips (Kladothrips)

semi arid species

arid species

McLeish et al. 2007

Sphenomorphine skinks

arid genera

Rabosky et al. 2007



Maintenance of diversity

Lineage divergence

Pleistocene diversification 

Little speciation 
(Lepidium, Acacia)

Genetic diversity on a par with species diversity

A. ephedroides
A. anfractuosa

A. oldfieldii



Phylogeography

Phylogeography -

biotic responses to historical processes

through 

spatial distribution of genealogical lineages

Genetic/spatial associations of lineages
• dispersal/gene flow
• vicariance/fragmentation
• range expansion/colonisation



response 

options

to

unsuitable

conditions  

Biotic response

persist
contract to patches 
of suitable habitat 

within range

diversification  

adapt
tolerate conditions and 

remain in-situ

diversification  

move
track ecological niche 

through migration

contraction/

extinction  



Common phylogeographic pattern

Species have been around for a long time

No recent colonisation since peak aridity of LGM

• within lineages highly diverse and localised haplotypes

multiple localised refugia
persistence and resilience of biota through arid cycles

Most common pattern – plants and animals 
• highly structured divergent lineages
• generally mid-Pleistocene or older

early Pleistocene – major contraction of biota
(formation of sandy deserts dated at 1 Mya)



Acacia acuminata

A. ephedroides
A. anfractuosa

A. oldfieldii

PERTH

Geraldton

2 lineages, coastal, inland 
Coastal - high diversity, structure
Inland - high diversity, structure

Byrne et al. 2002 J Evol Biol 15: 576



Eucalyptus series subulatae

4 lineages, central, eastern, western, far western
All - high diversity, structure

Nicolle 2008 PhD Thesis



6 main sublineages
Most sublineages – some diversity
SA- low diversity

Eucalyptus series subulatae
central clade



Egernia inornata

Chapple et al. 2004 Mol Phy Evol 33: 549

Skink

6 lineages including 3 in central Australia
High diversity, structure within lineages



Specialised habitats

Granite outcrops

Mound springs



The Humps

Kalguddering Hill

Chutawalakin Hill

King Rocks, Pingaring

Billycatting Hill, Mt Caroline top, Mt Caroline base

Mt Caroline base

Chiddarcooping Hill

E. pyriformis

Kalguddering Hill

Mocardy W 

Boyagin Rock

Gathercole

Yanneymooning Hill

Wattengutten Hill

Mocardy E

E. macrocarpa

E. rhodantha

E. crucis

Boyagin
The Humps King Rocks

Mt Caroline

Chiddarcooping

Chutawalakin

Yanemooning

Billycatting

Mocardy
Gathercole

KalgudderingWattengutten

Pingaring

Eucalyptus caesia

Byrne & Hopper 2008 Biol J Linn Soc 93: 177



Hydrobiid snails

Carini & Hughes 2006 Biol J Linn Soc 88: 1



Other phylogeographic pattern

other pattern – highly mobile animals eg. birds, snake 

• low diversity

• common haplotype(s) across large areas

recent large scale expansion and colonisation



Pseudechis australis

Kuch et al. 2005 Naturwissenschaften 93: 121

King Brown Snake

3 lineages, 2 restricted, one extensive (central)
Central lineage, low diversity little structure



Acanthogenys rufogularis

Joseph & Wilke, 2007 J Biogeo 34: 612-624

Spiny cheeked honeyeater

Little structure
Common haplotype occurs across Australia



Santalum spicatum

A

B

E

C

F

H

G

I

D Burnerbinmah

Northampton, Murchison, Billabong

Nyabing

Kokerbin (3)

Laverton, Cue, Jeedamya

Peron

Billabong

Ned’s Gorge, Cobra, Wiluna

S. acuminatum Arthur River

S. acuminatum Goongarrie

Pingrup, Borden, Dumbleyung, Koorda, Ravensthorpe, 
Goomalling, Kokerbin, Cairn Rock, Hyden, Kulin, Coolgardie

PERTH

Geraldton

Byrne et al. 2003 Heredity 91: 389

Widespread haplotype in southern lineage –
recent expansion



Australian Phylogeography

Predominant pattern is persistence in micro refugia through the late 
Pleistocene – plants and animals  

• highly diverse but localised haplotype distributions 

• little signature of recent expansion

Exceptions –

birds (6 species), 

King Brown Snake

• recent expansion



• Historical context – understanding the impacts of historical 

factors on species distributions 

• Identification of common patterns and evolutionary lineages

• Phylogenetic diversity – lineage richness  (similar concept to 

species richness)

• Identification of relictual species

• Identification of evolutionary significant units / management 

units – at species and community level

• Genetic component of biodiversity value for priority setting

Phylogenetic diversity



• Landscape scale management – preservation of genetic diversity to 

maintain evolutionary potential of species

• Identification of evolutionary significant communities for reserve design 

and management

• Identification and protection of refugia

• Climate change adaptation – major range change vs persistence

• Germplasm collection strategies

• Recovery and translocation of threatened taxa

• Planning habitat restoration (provenance variation)

• Commercial utilisation of local native species

Management implications
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