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Presentation Notes
Thanks to a new program at NSF, more and more US collections are going online. UF is now home to iDigBio, the national center for digitization of biodiversity collections, which has the mission of coordinating digitization and databasing of US collections. iDigBio ingests, serves, and integrates data, such as locality information, date of collection, and images, from all natural history collections in the country.
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Biodiversity Research

*Heterogeneous data
*Challenges

e Examples

« Solutions

eSUMMary



eterogeneous Data

Genus  Species Scientificname  Sample date  SLA dry mass [g) leaf_area_cm2  SLA_eml.g LMA_g.m2 d13E7%:)
Chionarith., virginicus Chionanithus virginic 5/6/15 16 483,778 306.1 7 -33.17
Chionarith. virginicus Chionanithus virginic 5/6/15 2.36 462.018 1958 511 -31.96
Chionarith. virginicus Chionarthus virginic 5/6/15 194 383.707 1978 50.6 -32.69
Castanea  pumila Castanea pumila 5/6/15 0.84 .

Castanea  pumil 5/7/15 1843 399,395 6.7 61 3106

Castanea  pumila Castanea pumila 5/1/15 1876 368592 2159 455 3083 .

Castanea  pumila Castanea pumila 5/7/15 1452 316529 2249 a5 3142 Ph t t h tl_ P th

Castanea  pumila Castanea pumila 57715 1.245 an4.058 234 a1 3076 0 n s n e c a wa

Castanea  pumila Castanea pumila 5/7/15 1433 383,797 2678 373 -33.07

Carrema americana  Cartrema americana 57115 11 339.297 160.8 622 3078 . »
Cartrema  americana  Cartrema americana 5118 268 7854 1414 M7 -3s2 R es p' ra t 10N
Cartrema  americana  Cartrema americana 5/7/15 34 372,852 118 825 3074

Chicnanth. virginicus  Chionanthus wirginic 5/7/15 2366 383473 1373 728 -30.03 ;
Diospyros virginiana  Diospyros visginiana 5/7/15 2085 383958 1842 543 298

N PlantLifespan
oo omo= o 2 20A - LA woodnensty @rowthForm
' ” ' henologyType LeafN

A LeafP PhotosyntheticCapacity
‘PlantHeight




Challenges In Linking Heterogeneous Data

* Assembling data

e Data management and sharing

e Taxonomic names

e Patchy data

*|ssues of scale: resolution, analysis

e Data Integration



Examples

Florida phylogenetic diversity
*Niche evolution in polyploids

* Ancient hybridization

* Phenology

 Traits from labels and images
 Spatial distribution of genome sizes



Florida Phylogenetic Diversity

Integrating herbarium specimen data,
ENM, and phylogeny

Julie Allen, Charlotte Germain-Aubrey,

K. Neubig, L. Majure, R. Abbott, M. Whitten, N. Barve, H. Owens,
J. M. Ponciano, B. Mishler, S. Laffan, R. Guralnick, D. Soltis



Florida Phylogenetic Diversity

Modeling the Distribution of Species
 Location information and environmental data
* Maxent to model the range of each species

* For Florida plants:
1,490 plant species (of 4100 species)
e >511,000 georeferenced points (GPS)
e Environmental features: temperature, precipitation, soil, etc.




Florida Phylogenetic Diversity

Florida Plant
Phylogeny

1,490 species (37%)
685 genera (44%)
185 families (78%) ™ &
rbcL, matK
GenBank & new
RAXML

Dated with r8s




Florida Phylogenetic Diversity

Phylogenetic Diversity:
= sum of branch lengths

Species list at each pixel

Generated from ENMs 1 -
'{ﬂ” wﬂﬁj & :
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Florida Phylogenetic Diversity




Florida Phylogenetic Diversity

Latitudinal patterns

Phylogenetic diversity

0.134 - 0.304
0.304 - 0.364
0.364 - 0.418

| 0.418 - 0.469

B 0.469 - 0.522

B 0.522 - 0.580

B 0.580 - 0.639

Bl 0.639 - 0.746




Florida Phylogenetic Diversity

Clustering vs. overdispersion

I Clustering (CL)
Not Significant (NS)
I Overdispersion (OD)



Florida Phylogenetic Diversity

Human population density

Phylogenetic diversity
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Florida Phylogenetic Diversity:
Communities

Do levels of phylogenetic diversity vary among
communities?

Johanna Jantzen

Vegetation Communities of the
Ordway-Swisher Biological Station

ORDWAY-SWISHER
BIOLOGICAL STATION



Florida Phylogenetic Diversity:
Communities

572 plant taxa
matK and rbcL
ML phylogeny
reconstruction (RAXML)

PD calculations for 14
communities (Biodiverse)

Vegetation Communities of the
Ordway-Swisher Biological Station

ORDWAY-SWISHER
BIOLOGICAL STATION

O



Florida Phylogenetic Diversity:
Communities

Phylogenetic diversity for 14 communities
at OSBS: PD varies among communities

Johanna Jantzen
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Niche Evolution in Allopolyploids

Niche Intermediacy Niche Expansion  Blaine Marchant

Niche Contraction Niche Novelty

q-

Marchant et al. 2016
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Niche Evolution in Allopolyploids

Niche Intermediacy
Breadth: Parent < Polyploid < Parent
Overlap: Polyploid > 0.3

species - Dryopte
Drpopterss ludeviciang ;

Dryopteris celsa
Dryopters goldiona

ris celsa

Nickrent, D.L. et al. 2006
onwards. Phytolmages.
http://www.phytoimages.siu.edu

Componant 2 [16.6 %)
Componant 2 (16.5 %)

-4 -2 0 =1 0.5 0.0 0.5

Component 1 (31.3 %) Component 1 (31.3 %) Marchant et al. 2016



Niche Evolution in Allopolyploids

13 allopolyploids & parents
*Niche intermediacy:8
*Niche contraction: 2
*Niche expansion: 2
e Niche novelty: 1

e More cases are needed!

Marchant et al. 2016



Ryan Folk

Heuchera

Ancient Hybridization




Ancient Hybridization: Heuchera

e Ancient chloroplast transfer: Mitella to Heuchera
 Species groups are currently allopatric
« How was hybridization/cp transfer accomplished?

Ryan Folk




Ancient Hybridization: Heuchera

» Abiotic niches:
e 12 climatic & environmental variables

* Ancestral niche reconstructions &
* Projected niches into the past h
 Biogeographic analyses

* Northern California the most
likely region of overlap

» Pleistocene, LGM

120-140 kya



Phenology: Flowering, Fruiting, Bud Burst
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Willis et al. 2017
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Trends in Ecology & Evolution



Phenology

Integrating herbarium specimens with field notes, images, etc.
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Traits from Labels and Images

KODAK Coler Control Patches

Phenological data - as described in label notes
“tree In full flower...”

e . |

T

or from image itself:

CrowdCurio, In
Willis et al. 2017

Classify the following:




Traits from Labels and Images

The need for standards and ontologies...
Plant Phenology Ontology

[ E.g., Ecological cha racteristicj (E.g., Morphological characteristic)

lsa\ /Isa

Isa

( Plant phenological characte ristic)

Is a//_//Ts a/ N \

Isa Isa

[ Leaf-out characteristic J [Frumng characterlstlc) (Leaf bud burst characterlstlc) (Flowerlng cha racterlstlc

Is a Isa

\

T EIRE

Willis et al. 2017

( Percentage open ﬂowersj ( Presence open ﬂowers) (Number open ﬂowers) ( Percentage colored pixels)

Trends in Ecology & Evolution

Figure |. Simplified Representation of Ontological Classes and Logical Structure. In a complete ontology, each term or ‘class’ has a specific definition and
is linked to any and all related classes via ‘relation terms’ such as ‘is_a’ or ‘part_of’. These structured linkages between classes allow integration among different
methods of measuring a class (represented in blue), different subclasses within a class (white), and other types of data (yellow), which are subclasses of the general

term ‘quality’ curmrently defined by the Phenotypic Quality Ontology.



Traits from Labels and Images

Machine Learning: Herbarium specimens
Classifying German trees to species

. Acer ca.F']
Leaf shape, venation i

Aesculus hi
Alnus gl

8 0/ Alnus in
o% accuracy
Carpinus be

Castanea sa
Fagus sy
Malus do
Populus al
Populus ni
Populus tr
Prunus av
Pyrus co.
Quercus ce
Quercus pe.
Quercus ro
Robinia ps
Salix ca.
Sorbus au
Sorbus to
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Ulmus gl.
Ulmus mi
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Traits from Labels and Images
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Spatial Distribution of Genome Sizes

ROTHAMSTED
RESEARCH

160 years of
Park Grass

TUESDAY 17TH MAY 2016 - 5.30PM - 8.00PM
ROTHAMSTED CONFERENCE CENTRE

From Tilman & Isbell 2015



Spatial Distribution of Genome Sizes

* Nucleic acids require large
amounts of N and P; large
genomes costly to build

* Plants with large genomes
should be selected against on N-
and P-poor soil, favored on high-
N/P soil

o Park Grass Experiment used to
test this hypothesis:

e GS of plants in high N+P plots
higher than in control, N, P

Biomass-weighted mean 1C-value (pg)

pIOtS | | ! |
 Continental scale, GS related to Control N P N+P

soil geochemistry? Guignard et al. 2016



Spatial Distribution of Genome Sizes

GeoEcoEvo:
CC D B USGS Powell Center Working Group
G MOIONOIIREOINII = Bui, M. Goldhaber, Pls
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Challenges In Linking Heterogeneous Data

* Assembling data

e Data management and sharing

e Taxonomic names

e Patchy data

*|ssues of scale: resolution, analysis

e Data Integration



Linking Heterogeneous Data:
Connecting Specimens, Trees, Tools

ABI Innovation: BiotaPhy Project
' Connecting resources

to enable large-scale biodiversity analyses
%

iza/ IDIGBID D. Soltis, P. Soltis, J. Fortes,
J. Beach, J. Soberon, S. Smith

by

| I"_f

- 4 analysis » visualization
) Tree of Life ’1
- taxonomy/ names - specimen data / images ‘ .

RESOURCES: m
& Lifemapper Arbor \ Llfemapper
‘.I : « ecological niche modeling « evolutionary models N
\W// O P E N + biodiversity and range » comparative methods
« visualization
A community-assembledTol
Open Tree of Life iDigBio
« phylogenies - trait data
« visualization » fossil data / images A R B 0 R
revolutionary workflows




Linking Heterogeneous Data:
ecimens, Trees, Tools

Connecting Sp

5 Possible Workflows

RESOURCES:

Lifernapper

+ ecological niche modeling

+ biodiversity and range
analysis

- visualization

Open Tree of Life
+ phylogenies

+ taxonomy / names

+ visualization

Arbor

+ evolutionary models
+ comparative methods
« visualization

iDigBio

+ trait data

+ specimen data / images
+ fossil data / images

EXAMPLE WORKFLOWS:

A

o select clade

@ taxon names

E‘ I "‘" 3 run ecological
n E’ niche modeling
xy L

(ENM) for all tips

o visualize
“dark parts” of
clade—species
with missing
trait data

/< o select l
clade

occurrence

data

&

s
L

9 analyze ENM data
and tree to calculate:

« shifts in ecological niche
across tree

« phylogenetic constraints
on niche evolution

trait data o trees 0
+ 9§

e analyze data to:

+ test hypotheses of
character evolution

review specimens,
score morphology for
species without it

+ reconstruct ancestral

states
no
8¢ 12K
T3 7
T4 %5

2 analyze data to quantify and qualify biodiversity
and co-visualize maps, trees, and geospatial stats

RESOURCES:

Lifemapper Arbor
+ ecological niche modeling + evolutionary models

+ biodiversity and range + comparative methods
analysis « visualization

« visualization

Open Tree of Life iDigBio

+ phylogenies - tiait data

+ tawonomy / names. « spedimen data / images

« visualization « fossil data [ images

© query

for a pruned

subtree of s
OCCUIENCE  species in g)‘& grid
data area data

taxon names

o analyze data to
compute phylogenetic
diversity (PD)

select area of interest,
query global presencefabsence
matrix (PAM) to get species subset

) selectclade e analyze data to:

+ estimate rates and
test hypotheses af
diversification

o upload new trees
to improve phylogenetic
resolution

trees,
sampling proportions
(from taxonomy)



Linking Heterogeneous Data:
Connecting Specimens, Trees, Tools

RESOURCES:

|_,,, Lifemapper Arbor e query
| L —]-]-l,.-'l + ecological niche modeling

» evolutionary models

- biodiversity and range « comparative methods for a prunec'
analysis « visualization
» visualization su bt ree Of
@ Open Tree of Life iDigBio zccurrence Sp@Cles In
+ phylogenies + trait data
« taxonomy / names « specimen data /images ata area
« visualization « fossil data / images

taxon names

9 analyze data to
compute phylogenetic
diversity (PD)

select area of interest,
query global presence/absence
matrix (PAM) to get species subset




Linking Heterogeneous Data:
Connecting Specimens, Trees, Tools

RESOURCES:

Lifemapper Arbor
+ ecological niche modeling + evolutionary models
+ biodiversity and range i

« comparative methods

analysis « visualization
» visualization
Open Tree of Life iDigBio
« phylogenies « trait data
« taxonomy / names « specimen data /images
« visualization « fossil data / images
(_"Z,
Qf‘
6\\
(5’ >
o select clade S) b"}

faxon names

Jielielin

run ecological

D niche modeling
il=

9 analyze ENM data

(ENM) for all tips and tree to calculate:

me

- shifts in ecological niche
across tree

« phylogenetic constraints
on niche evolution



summary

e Linking heterogeneous data challenging

* Assembling data

e Data management and sharing

e Taxonomic names

e Patchy data

e Issues of scale: resolution, analysis
 Data integration

Value of spatial data from specimens

Promise of images
Need for tools, workflows

Data-driven and hypothesis-driven research
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