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Linking Heterogeneous Resources 
for Biodiversity Research

Pamela S. Soltis
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Collections:
The Library of Life

>1600 natural history 
collections
in the US

1-2 billion specimens 
in the US

3-4 billion specimens 
worldwide
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Systematics and Taxonomy

Carl Linné, aka Carolus Linnaeus

Linnea (twinflower)
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Collections:
The Library of Life

Genetics
Genomics
Chemistry

Species interactions
Phenology

Biogeography
More!
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Collections:
The Library of Life

Most specimens locked
away in cabinets, 
unavailable for general 
use.

DIGITIZATION!!!! 
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Label Data
• Scientific name –

including authority
• Date
• Collector
• Location – state, county, 

specific site, 
GPS coordinates

• Associated species
• Notes
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Images



8

www.idigbio.org
National Coordinating Center 

For Digitization of Biodiversity Collections
Ingest, serve, integrate data:

Localities
Dates

Images 
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iDigBio Homepage

www.idigbio.org
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Search Specimen Records
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Search Specimen Records
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Search Specimen Records



13

Linking Collections to…
• Phylogeny
• Ecology
• Paleontology
• Living Collections
• Genomics
• Other Repositories



14

• Infrastructure
– PhyloJIVE/PhyloLink
– Connecting iDigBio, Open Tree of Life, Lifemapper

• Examples
– Spatial patterns of phylogenetic diversity

• Florida Plant Phylogeny Project

– Community phylogenetics:  case study
– Plant traits and phylogeny 

Linking Heterogeneous Resources 
for Biodiversity Research
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Links biodiversity data to trees
Joe Miller & Garry Jolley-Rogers
phylojive.ala.org.au/

A. buxifolia
Source: Australian Plant
Image Index Image by: Macd  

PhyloJIVE
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PhyloJIVE instance in iDigBio

• Developed by Garry Jolley-Rogers, Joe Miller, and Temi Varghese
• Integrates biodiversity data with phylogeny
• http://phylojive.acis.ufl.edu/ A. Matsunaga

http://phylojive.acis.ufl.edu/
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Phylolink
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Connecting Trees, Specimens, Tools
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Connecting Trees, Specimens, Tools
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Connecting Trees, Specimens, Tools
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Connecting Trees, Specimens, Tools
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ABI Innovation:  BiotaPhy Project
Connecting resources 

to enable large-scale biodiversity analyses
D. Soltis, P. Soltis, J. Fortes, A. Matsunaga,

J. Beach, J. Soberon, S. Smith 

Connecting Trees, Specimens, Tools
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Mapping physiographic discontinuities 
to breaks in the phylogeny

J. Cavner
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Mapping physiographic discontinuities 
to breaks in the phylogeny

J. Cavner

What are the relative roles of 
environment and history 
in shaping species distributions?
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• Infrastructure
– PhyloJIVE/PhyloLink
– Connecting iDigBio, Open Tree of Life, Lifemapper

• Examples
– Spatial patterns of phylogenetic diversity

• Florida Plant Phylogeny Project

– Community phylogenetics:  case study
– Plant traits and phylogeny 

Linking Heterogeneous Resources 
for Biodiversity Research
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Florida Plant Diversity in a Changing Climate
Integrating herbarium specimen data, ENM, 

climate change models, and phylogeny

Charlotte Germain-Aubrey, Julie Allen
K. Neubig, L. Majure, R. Abbott, M. Whitten, J. M. Ponciano, 

B. Mishler, S. Laffan, T. Lamy, R. Guralnick, D. Soltis 
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Florida Plant Diversity in a Changing Climate
Integrating herbarium specimen data, ENM, 

climate change models, and phylogeny

Charlotte Germain-Aubrey, Julie Allen
K. Neubig, L. Majure, R. Abbott, M. Whitten, J. M. Ponciano, 

B. Mishler, S. Laffan, T. Lamy, R. Guralnick, D. Soltis
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Modeling the Distribution of Species

• Location information and environmental data
• Software to model the range of each species
• For Florida plants:

– ~1600 plant species (of 4200 species)
– >511,000 georeferenced points (GPS)
– Environmental features:  temperature, precipitation, soil, etc.

• Project onto future climate conditions



29

now 2050

now 2050

Abildgaardia ovata (flatspike sedge)

Prunus geniculata (scrub plum)

Responses to Climate Change:  past, present, future
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Florida Plant Diversity:  Now

High 
species diversity

Low 
species diversity
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Between Now and 2050…

# spp 2050 - #spp now

• Panhandle 
species 
moving 
NORTH!

• Peninsula 
species 
moving 
SOUTH! 
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Florida Plant Diversity in a Changing Climate
Integrating herbarium specimen data, ENM, 

climate change models, and phylogeny

Charlotte Germain-Aubrey, Julie Allen
K. Neubig, L. Majure, R. Abbott, M. Whitten, J. M. Ponciano, 

B. Mishler, S. Laffan, T. Lamy, R. Guralnick, D. Soltis
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1,548 species (38%)
685 genera (44%)
185 families (78%)
rbcL, matK
GenBank & new
RAxML
Dated with r8s    

Florida Plant 
Phylogeny

Kurt Neubig
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Phylogenetic Diversity:
≈ sum of branch lengths 

• Total diversity
• Compare regions
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Species list at each pixel
Generated from ENMs

8,045 pixels/communities

16 km2 per pixel

Phylogenetic Diversity:
≈ sum of branch lengths 
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Phylogenetic Diversity - angiosperms 

PD = proportion of tree present in cell
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Phylogenetic Diversity - angiosperms:  
clustering vs. overdispersion
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• Infrastructure
– PhyloJIVE/PhyloLink
– Connecting iDigBio, Open Tree of Life, Lifemapper

• Examples
– Spatial patterns of phylogenetic diversity

• Florida Plant Phylogeny Project

– Community phylogenetics:  case study
– Plant traits and phylogeny 

Linking Heterogeneous Resources 
for Biodiversity Research
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The Effects of Taxonomic and Spatial Scale on Measures 
of Phylogenetic Diversity Using a Test Case in Florida

Johanna Jantzen
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Community phylogenetics:
Ordway-Swisher Biological Station (OSBS)
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Phylogeny Reconstruction and Calculation of 
PD

572 taxa
matK and rbcL
ML phylogeny 
reconstruction 
(RAxML)
PD calculations 
for 14 
communities 
(Biodiverse)
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Phylogenetic diversity for 14 communities at OSBS
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• Infrastructure
– PhyloJIVE/PhyloLink
– Connecting iDigBio, Open Tree of Life, Lifemapper

• Examples
– Spatial patterns of phylogenetic diversity

• Florida Plant Phylogeny Project

– Community phylogenetics:  case study
– Plant traits and phylogeny 

Linking Heterogeneous Resources 
for Biodiversity Research
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Images, Functional Traits, Phylogeny

Connect to ecology/phylogeny
Evolution of plant functional 

traits
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• Correlation of plant 
functional traits

• Over- and underdispersion
of traits:
– Are traits 

phylogenetically
constrained or broader 
properties of 
communities?

– Implications for long-
term health of 
communities

Images, Functional Traits, Phylogeny
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Summary

• Digitization enhances value of herbarium specimens –
unexpected consequences

• Data aggregators (iDigBio, others) serve data and will 
increasingly provide access to analytical tools

• Herbarium specimens – locality records, images –
provide rich data for range of biodiversity studies

• Linking data with phylogenies, other information holds 
particular promise

• Biodiversity data are heterogeneous, linkages difficult 



iDigBio is funded by a grant from the National Science Foundation’s Advancing Digitization of 
Biodiversity Collections Program (Cooperative Agreement EF-1115210).  Any opinions, findings, 
and conclusions or recommendations expressed in this material are those of the author(s) and 
do not necessarily reflect the views of the National Science Foundation. All images used with 
permission or are free from copyright.

www.idigbio.org

facebook.com/iDigBio

twitter.com/iDigBio

vimeo.com/idigbio

idigbio.org/rss-feed.xml

webcal://www.idigbio.org/events-calendar/export.ics

Thank you! iDigBio Team & Collaborators
J. Fortes, A. Matsunaga, J. Miller,
C. Germain-Aubrey, B. Marchant

Florida Diversity Project
D. Soltis, R. Guralnick,
C. Germain-Aubrey, J. Allen, K. Neubig, 
L. Majure, R. Abbott, M. Whitten, 
B. Mishler, S. Laffan

BiotaPhy Project:
D. Soltis, J. Fortes, J. Beach, J. Soberon, 
S. Smith, J. Cavner

Dimensions Project:
D. Soltis, J. Lichstein, S. Bohlman, M. Whitten,
J. Jantzen, S. Graves, K. Neubig

http://www.facebook.com/iDigBio
https://twitter.com/iDigBio
http://vimeo.com/idigbio
https://www.idigbio.org/rss-feed.xml


iDigBio is funded by a grant from the National Science Foundation’s Advancing Digitization of 
Biodiversity Collections Program (Cooperative Agreement EF-1115210).  Any opinions, findings, 
and conclusions or recommendations expressed in this material are those of the author(s) and 
do not necessarily reflect the views of the National Science Foundation. All images used with 
permission or are free from copyright.

www.idigbio.org

facebook.com/iDigBio

twitter.com/iDigBio

vimeo.com/idigbio

idigbio.org/rss-feed.xml

webcal://www.idigbio.org/events-calendar/export.ics

Thank you!

psoltis@flmnh.ufl.edu

http://www.facebook.com/iDigBio
https://twitter.com/iDigBio
http://vimeo.com/idigbio
https://www.idigbio.org/rss-feed.xml
mailto:psoltis@flmnh.ufl.edu
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Uncertainty

• Estimating uncertainty is essential

• Does it affect patterns of significance ? 

4.
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PD = 0.5690.039
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All branches lengths are PD_P
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PD = 0.4680.039
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All branches lengths are PD_P
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1.c. Phylogram vs. ultrametic tree
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• Genetic diversity
• Accumulation of evolutionary 

change

• Time diversity
• Amount of evolutionary history

• More easily comparable to other 
methods/studies

1.c. 

Phylogram

Phylogram vs. ultrametic tree
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Long branches in the dark areas are 
shortened when forcing sister species 
to have the same branch length 
(ultrametric tree). 

Rate smoothing is also PD smoothing

1.c. Phylogram vs. ultrametic tree

Phylogram - Ultrametric
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Relative Phylogenetic Diversity
RAxML Phylomatic
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Phylodiversity
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Phylogenetic 
Diversity

Relative Phylogenetic 
Diversity

3.



Invasive Species:
Ecological & Economic Impacts

• Where have invasives been introduced, and how quickly 
are they spreading? 

• What is the pattern of spread, and do patterns covary with 
other species?  

• How does climate change affect the spread of invasives? 
• Can we predict future invasions?



134 institutions
in 49 states15 TCNS and collaborating institutions:  ~250 institutions in 50 states

HUB

Topics of Networks
• Flowering time and climate change in New England
• Use of bryophytes and lichens as indicators of 

climate change across North America
• Invasive species of the Great Lakes region
• Plants, insect herbivores, parasitoids
• Flora of the SE US and response to climate change
• Response of paleo marine communities to 

environmental change
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https://github.com/arlin/sample_taxa/tree/master/arbor

Arbor, OpenTree, and iDigBio
https://arbor.kitware.com/

A. Matsunaga

https://github.com/arlin/sample_taxa/tree/master/arbor
https://arbor.kitware.com/
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What Can We Do with Specimen Data?
• Monitor shifts in biodiversity through time
• Track invasive species
• Ecological Niche Modeling, climate change
• Track phenological shifts
• Integrate with evolutionary history
• Past movements and climate change
• Landscape genetics
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Relative Phylogenetic Diversity - angiosperms:  
PD/PD with all branches being equal
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Integrating Phylogenetics and Plant Trait Data
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Integrating Phylogenetics and Plant Trait Data

What is the distribution of plant traits 
across phylogeny and geography?
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• Community-level 
phylogenies
– Comparisons of phylogenetic 

diversity across spatial scales
– Correlation of plant 

functional traits
– Over- and underdispersion of 

traits:
• Are traits phylogenetically

constrained or broader 
properties of communities?

• Implications for long-term 
health of communities

Integrating Phylogenetics and Plant Trait Data
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Florida – EPA Regions

Southeastern Plain

Southern Coastal Plain

Southern Florida Coastal Plain

~ 4,100 plant species 
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Ziziphus celata

Florida ziziphus
Shrub
Rhamnaceae

Gitzendanner et al.
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