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Using big data for big questions

• Distribution of biodiversity over landscape? 
• Distribution of characteristics over landscape? 

– (trees, herbs, endemics, xeric-adapted, etc…)

• How will climate change impact this distribution? 
• Will the impact be the same for all species/communities? 
• Has it started already?

….. etc, etc…..

• Combine with other sources of big data



- Phylogenetic 
distribution
- Phylogenetic 
uniqueness
- Evolutionary 
signal to response 
to climate change

- Regional 
phylogeny
- Phylogenetic 
communities

Ecological data 
(physiology, 
morphology, etc…)

Niche modeling

Phylogenetics

Layers 
(BioClim, USGS…)

Georeferenced
collections 

GenBank

- Potential     
adaptation to climate 
change

- Future changes
- Ecological drivers of 
change

Evolutionary 
ecology

BIOINFORMATICS PIPELINES



Research applications of museum data: 
The past, present and future of Florida plants

Julie Allen, Charlotte Germain-Aubrey, Douglas Soltis, Robert 
Guralnick, Jose Miguel Ponciano, Lucas Majure, Kurt Neubig, 

Pamela Soltis



Florida



Road Map

• Collect museum data

• Ecological niche models for each species
– understand diversity of Florida

• Past, Present, Future

• Phylogenetic Tree of these same species
– explore the phylogenetic diversity of Florida





Data collecting

• Florida Plant Atlas
• Florida Native Area Inventory
• Global Information Facility
• Florida State University Herbarium
• Louisiana State University Herbarium
• University of North Carolina Herbarium
• Alabama Plant Atlas
• Mississippi State University Herbarium
• Florida Museum of Natural History Herbarium

• >500,000 georeferenced points
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Formatting challenges

• Reconciling datasets within each institution
• Reconciling datasets between institutions
• Georeferencing specimens
• Transforming Lat/Long
• UNCERTAINTY info missing !!!!
• Dates format (had to make assumptions)
• Taxonomic Name Reconciliation
• Pool datasets together – large files



Data cleaning
• Wunderlin list of 4,094 species of Florida plants

– Check list against Tropicos accepted names

• All non-Florida species removed
• Duplicates removed

• 3 EPA ecoregions
391,937 points 
343,266 dated points

• 30+ points per species
• 372,241 pts and 1,548 species



Ecological Niche Modeling
Flatspike Sedge



Museum Specimens and Climate Data

• Extraction R – package – dismo to create 
bioclim layers from monthly PRISM data

• Associate each species record with the 
climate data for the correct year.



Museum Specimens and Climate Data

• Extraction R – package – dismo to create 
bioclim layers from monthly PRISM data

• Associate each species record with the 
climate data for the correct year.R package in progress



Climate Data

• Bioclim correlation 8 layers < 0.85
• Altitude
• Geology

Ran models for all 1,548 species. 
Combined maps to create a heat map of all 

species and then cropped it to Florida.



Flatspike Sedge Scrub Palm



How many species are predicted 
to reside in this point?



All Plant Diversity



2002 - 2012



Endemism hotspots

2002 - 2012 Endemic diversity / Total diversity



Future Models
• Consensus models from 3 hand-picked future 

scenarios: 
– CCSM4 –Community Climate System Model  
– MPI – Max Plank Institute
– MIROC5 – Model for the Interdisciplinary Research on 

Climate

• Both highest and lowest estimates of CO2

• 2050 and 2070 

12 models for all 1,548 species
averaged for a consensus of these models



Future Projections

105 299

Species Extinct from Florida



Evolutionary History of Florida Plants

• Genbank and sequenced two genes 
for 1,440 species
– RbcL, MatK
– Missing 108 species

• Many rounds of checking the 
tree/alignments with botanists.
– Added missing taxa onto the tree.



Florida Phylogeny
1,548 species
685 genera
183 Families

Ultrametric
Non-Ultrametric

Model Selection:

RAxML – Best Tree
Bayes - distribution





Phylogenetic Diversity
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Relative Phylogenetic Diversity

RED – more 
closely related 
than expected

YELLOW – more 
distantly 
related than 
expected

Non-Ultrametric
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sources of uncertainty 
(things you can do something about…)



Geographical Concepts: Datum



Sources of uncertainty:

Coordinate Uncertainty

Map scale

The extent of the locality

GPS accuracy

Unknown datum

Imprecision in direction 
measurements

Imprecision in distance 
measurements (1km vs. 1.1km)

20° 30’ N 
112° 36’ W

Scale Uncertainty (ft) Uncertainty (m)

1:1,200 3.3 ft 1.0 m 

1:2,400 6.7 ft 2.0 m 

1:4,800 13.3 ft 4.1 m 

1:10,000 27.8 ft 8.5 m 

1:12,000 33.3 ft 10.2 m 

1:24,000 40.0 ft 12.2 m 

1:25,000 41.8 ft 12.8 m 

1:63,360 106 ft 32.2 m 

1:100,000 167 ft 50.9 m 

1:250,000 417 ft 127 m



Precision vs. Accuracy
Disambiguated

Precision is…

…the level of detail contained in or described 
by the data.

Example:

42, precise

42.1, more precise

42.01, even more precise

Precision can help to minimize uncertainty.

More 
Precise

Less 
Precise



Precision vs. Accuracy
Disambiguated

Accuracy is…

…a measure of how close a given value is to 
the true value.*

*We may never actually know the true value in 
georeferencing,  
but we do our best to reproduce the location of 
th  t  l ti

Example:  Truth = 42

41.999 = more precise, less accurate

More 
Accurate

Less 
Accurate

x



sources of uncertainty 
(things you can do something about…)

• Precision vs. accuracy
• High accuracy is important
• High precision is less important but need to be 

informed !!! 
• Time in species determination/determination update

• Keep updating species name (in electronic record?)



Other sources of uncertainty 
(things you can’t do anything about…)





Florida Phylogeny
1,548 species
685 genera
183 Families

Ultrametric
Non-Ultrametric

Model Selection:

RAxML – Best Tree
Bayes - distribution



Phylogenetic Diversity
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Phylo Uncertainty 

6.5% of the points <95 
of the tests agree

0 = 50 trees sig 50 not

100 = all trees agree
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1
meters

2
meters

3 
meters

3
met
ers

4 
met
ers

4
meters
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THANK YOU !!!!
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