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“Using phylogenies to test 
hypotheses about date, rate 
and mode of diversification 
and evolution of Australian 

plants and animals”
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Systematics of Melaleuca



(Edwards et al., 2010) (Cook et al., 2008)

Systematics of Melaleuca  - Broadleaved Paperbarks
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Systematics of Melaleuca  - Broadleaved Paperbarks

- Niche values estimated via MaxEnt (Phillips et al, 2006)

- Values within and between species ranges are compared against
 randomized distributions  (ENMtools (Glor & Warren, 2010)



Biogeography of the Australian Monsoon Flora



Species-isolation genes in Drosophila
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Environmental Drivers of Species Diversity



Extreme environment: a habitat where conditions are outside the 
optimal range for organisms to survive

Defining and Delimiting Extremes



Extreme environment: a habitat where conditions are outside the 
optimal range for organisms to survive

Extreme habitats are often identified by a lack of organisms or lack 
of diversity of organisms

What for one organism is considered intolerable may not be so for 
another

Multiple factors may be “extreme” and contribute to the 
inhospitableness of an environment

As a result the threshold(s) for “extreme” are often idiosyncratic 
and determined on a by-species and/or by variable basis

Defining and Delimiting Extremes



Defining and Delimiting Extremes

Challenge:

Define extreme environments objectively

Test hypotheses on the response of biotic processes non-circularly
and across many species
 – eg. trait presence, body size, species diversity



Challenge:

Define extreme environments objectively

Test hypotheses on the response of biotic processes non-circularly
and across many species
 – eg. trait presence, body size, species diversity

Defining and Delimiting Extremes

For terrestrial organisms the comfortable envelope for survival typically exists
towards the middle of the range of environmental variables

 ie. (by definition) the upper and/or lower tail of values for a variable are the 
extremes

<5% >95%



Climate
 Worldclim2 – 19 variables
       (Fick et al., 2017)
Soil and Elevation
 SoilGrids 1km – 21 variables
       (Hengl et al., 2017) 

Initial 40 variables reduced to 24 relevant non-colinear set

Defining and Delimiting Extremes



Defining and Delimiting Extremes

Individual variable

1km2 pixel resolution



Defining and Delimiting Extremes

Stack of variables



Daisy Diversity Response to Extremes    - Defining and Delimiting Extremes

Number of Overlapping Extremes



Daisy Diversity Response to Extremes    - Defining and Delimiting Extremes

Number of Overlapping Extremes

Hypothesis:
Species diversity will decrease
as the number of overlapping

extremes increases



Flowering Plant Diversity Response to Extremes      - Global

Ellis et al., 2012; after Kreft and Jetz, 2007.

- 16,461 equal area polygons each with a value for flowering plant richness

- Value for the number of extremes also recorded for the centroid of each polygon

Hypothesis:
Species diversity will decrease
as the number of overlapping

extremes increases
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extremes increases

Flowering Plant Diversity Response to Extremes      - Global



Flowering Plant Diversity Response to Extremes      - Global

Calculate the average species richness for 
each number of overlapping classes

Null distribution generated from 999 
Randomizations of richness values
for each grid cell while holding number of 
overlapping classes constant

Hypothesis:
Species diversity will decrease
as the number of overlapping

extremes increases



Global Flowering Plant Diversity Response to Extremes
Latitudinal Species Gradient?

Regression of number 
of extreme classes 

against latitude:
R2 < 0.145 



Global Flowering Plant Diversity Response to Extremes

Number of extremes

Latitudinal Species Gradient?

Regression of number 
of extreme classes 

against latitude:
R2 < 0.145 



Flowering Plant Diversity Response to Extremes     



North American Compositae (Asteraceae)

Daisies, sunflowers, thistles, tarweeds etc

Massively diverse (~1 in 10 flowering plants)

Known for occupying a wide range of challenging environments

Daisy Diversity Response to Extremes



Bison

Daisy Diversity Response to Extremes



Daisy Diversity Response to Extremes

Aggregated to 100km grid cells
3,116 species

~500,000 collection records
(after cleaning)

Richness calculated



Daisy Diversity Response to Extremes

In Nth America species richness increases with extremeness…



Daisy Diversity Response to Extremes

In Nth America species richness increases with extremeness…

     …this trend is especially prominent in the daisy family… 



Daisy Diversity Response to Extremes

In Nth America species richness increases with extremeness…

     …this trend is especially prominent in the daisy family…

           …to the point that they account for almost all of it!



13 majority endemic Nth American tribes
4 ~independent radiations Modified from Mandel et al., 2019

Drivers of Diversification



Daisy Diversity Response to Extremes



Drivers of Diversification

Provisional
subtree

Review and
regrafting

Final phylogeny

- Polytomies
- Misclassifications
- Missing taxa

Generating a species-level meta-phylogeny
Open Tree of Life

+
GenBank

+
Expert assessment and 

regrafting

Stephen Smith



Drivers of Diversification

1642 taxa



Drivers of Diversification

Which environmental variables are associated with 
increased/decreased diversification? 

Climate – AdaptWest 1km (ClimateNA v5.10)1 

Soil Profile/Texture – SoilGrids 250m v0.52

Topography – DEM-derived, via SoilGrids2 

Soil Geochemical/Mineralogical Data
– USGS (OFR 2014-1082)3 [interpolated from 4800 sites]

- 182 variables reduced to 50 non-colinear

“Variable reduction is a truly dark art” – Voldemort (probably)



• Tip-rate correlation tests using the Diversification Rate 
metric (Jetz et al., 2012)

• Ordinary Least Squares regression (to meet assumptions and 
proven better performance over PGLS - Revell, 2010) 

• First regressed diversification rate against single 
environmental variables

Chase Mason & Eric Goolsby

Drivers of Diversification

• Then multiple regression with all pairwise combinations of 
environmental variables that were not autocorrelated (r > 
0.75), including additive (A + B) and multiplicative (A*B).

• To control for false positives, we replaced our environmental 
data with randomly generated data (x1000) and repeated the 
analysis process for each simulated dataset.

• R2 values were pooled across runs, and the 95th percentile was 
used as a cutoff value for interpreting the reliability of

 results with real data.



Drivers of Diversification

+ve association
-ve association



What factors drive diversification
across North American Asteraceae?

• Abiotic environmental factors can explain 
>50% of variation in diversification rate, and up 
to 30% above randomly simulated data.

• This varies substantially among tribes.

Tageteae

Drivers of Diversification

• As a variable class, geochemical and mineralogical 
factors are consistently more correlated with 
diversification rate than climate, topography, or 
soil profile/texture:

 Phosphorus, Potassium, Aluminum
 Plagioclases, Feldspars, Clays 



Map Of Life

Global Vascular Plant Master Taxonomy

1,831,687 vascular plant names and name variants

https://mapoflife.ai/dashboard/species/info/Helianthus%20annuus


CNHP- VaPMaT Taxonomy Resolution Tool



COLORADO HABITAT CONSERVATION AND RESTORATION LANDSCAPES

AND
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Movement for Colorado mammals skews local

Ominscape is agnostic of individual species traits and represents generalized movement potential

0.25, 5, 10, 25, and 50 mile radii were used in this study



2.5 miles 5 miles 10 miles

25 miles 50 miles
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Bubble size proportional to land area for each category

Current Land
Ownership

Conserved

Unconserved

COLORADO

Future Predicted Land Use Change

Current Land Protection

Landscape Summary Statistics

Patch Size Distribution



NORTH PLATTE HEADWATERS
Protect (Potential Land Conservation) rank:      43/92
Defend (Maintain Land Conservation) rank:      28/92
Restore (Habitat Restoration) rank:                     32/92

10180001

Future Predicted Land Use Change

Current Land Protection

Patch Size Distribution

Bubble size proportional to land area for each category

Combined Rank:           30/92 (tied)

Conserved

Unconserved

Landscape Summary Statistics

Current Land
Ownership



13010001RIO GRANDE HEADWATERS

Bubble size proportional to land area for each category

Current Land
Ownership

Conserved

Unconserved

Future Predicted Land Use Change

Current Land Protection

Landscape Summary Statistics

Patch Size Distribution

Protect (Potential Land Conservation) rank:      72/92
Defend (Maintain Land Conservation) rank:      13/92
Restore (Habitat Restoration) rank:                     30/92
Combined Rank:           40/92



Mechanically Disturbed
Mining

Water
Developed

Barren
Forest
Grassland
Shrubland
Crop/Pasture
Woody Cover
Perennial Ice/Snow

2024 2050

PROJECTED LANDUSE CHANGEBASE DATA

USGS FORE-SCE Model

- Uses the IPCC SRES “A2” scenario (socioeconomic impacts on anthropogenic land use incorporating 
demographics, energy use, agricultural economics, and other socioeconomic considerations).

- A2 is the “worst case” scenario, with continued economic development and temperature increases 2.0-
5.4 degrees C.

- The FORE-SCE model “known” landscape data from 1992-2005 using the A2 scenario, then projects 2006-2100.

- Predicts future land use and land cover.



PROJECTED LAND USE CHANGE



UPPER ARKANSAS

ALL COLORADO

UPPER ARKANSAS-JOHN MARTIN RESERVOIR

PROJECTED LAND USE CHANGE



Future Hopes & Dreams

Colorado
Species

Diversity

Colorado
Genetic
Diversity



CNHP- Applying Spatial Data



CNHP- Applying Spatial Data







- Ran a set of “known” corridor paths using a subset of the candidate models
- Tested the overlap of those models with the know movement paths



Mule Deer Elk

The final model was then used to extrapolate between “unknown” start and end points
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