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What do we do with all


mailto:cgermain@ufl.edu

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?

Combine with other sources of big data



Ecological data

(physiology,
morphology, etc...)

Layers
(BioClim, USGS...)

Georeferenced
collections

GenBank

Evolutionary
ecology

—

- Potential
adaptation to climate

Niche modeling

Phylogenetics

BIOINFORMATICS PIPELINES

- change

- Future changes
- Ecological drivers of
_ change

- Phylogenetic
distribution

- Phylogenetic
uniqueness

- Evolutionary
signal to response
~ to climate change

" - Regional
phylogeny

- Phylogenetic
communities

S—



IDIGBID

‘ Integrated Digitized Biocollections

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






Road Map

e Collect museum data

 Ecological niche models for each species

— understand diversity of Florida

e Past, Present, Future

* Phylogenetic Tree of these same species

— explore the phylogenetic diversity of Florida
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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
e >500,000 georeferenced points



Data collecting
N\

®
Florida Plant Atlas S’
I~

Florida Native Area Inventory

Global Information Facility Qs

Florida State University I-@b rium

Louisiana State Univ" Herbarium
University of N to’:arolina Herbarium
Alabama PLaOA as

Mississi ate University Herbarium

seum of Natural History Herbarium

Flog 6?
.\ 500,000 georeferenced points
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1 |CollectionDa CollectionDa Family Genus Species Infraspecies AcceptedMar State County Locality Barcode Endangered NamedPlace Longitude  Latitude

2 11-Aug-80 11-Aug-80 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monree Co. Big Pine Key; Port Pine Heights. 151806 0 NULL MNULL NULL

3 20-0ct-85  20-Oct-85 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monree Co. Mear N end of Big Torch Key, 6.5 mi. N of US 1 along main 188761 0 NULL MNULL NULL

4 20-Oct-85  20-Oct-85 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Cudjoe Key, middle section off Asturiano Avenue; 0.8 mi. 188850 0 NULL NULL NULL

5 16-5ep-79  16-5ep-79 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Mo Name Key, NE of Big Pine Key. T665, R30E, Sec. 18. 144547 0 NULL MNULL NULL I
7] 15-5ep-79  15-5ep-79 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Sugarloaf Key; C-939, 1.1 mi. S of US 1. 144121 0 NULL MNULL NULL

Fi 2-5ep-98 2-5ep-98 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Miami-Dade Tropical Park; between Bird Road (SW 40th Street) and M 233151 0 NULL -80.321 25.725

8 15-Aug-38  15-Aug-38 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Citrus Co. 8 mi. W5W of Inverness. 8711 0 NULL MNULL NULL

9 21-5ep-59  21-Sep-59 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Hernando Cc Chinsegut Hill. 13126 0 NULL MNULL NULL

10 11-Aug-92 11-Aug-92 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Ca. 0.2 mi. NW of end of Miami Avenue (Higgs Lane) ca. 0 223717 0 Key Deer Mal -81.385833 24.7066667

11 | 16-May-07 16-May-07 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Big Torch Key; Manroe Co. owned preserve {unnamed); 8 245035 0 NULL MNULL NULL

12 31-Aug-00 31-Aug-00 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Big Torch Hammaocks, Big Torch Key; Big Torch Road, ca. 3 233321 0 Florida Keys -80.425278 246586111

13 |NULL s.d. Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Big Pine Key. 79612 0 NULL MNULL NULL

14 13-Aug-63  13-Aug-63 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Miami-Dade 5W of Homestead; near intersection of Redland and 308t| 55022 0 Everglades N NULL NULL

15 6-Aug-66 6-Aug-66 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monree Co. Big Pine Key; Watsen's Hammock. 75800 0 NULL MNULL NULL

16 22-0ct-65  22-Oct-65 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Big Pine Key, N end. 67278 0 NULL MNULL NULL

17 20-Oct-85  20-Oct-85 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. W end of Ramrod Key, along S side of US 1. TEES, R28E, S 188878 0 NULL NULL NULL

18 1-5ep-54 1-5ep-54 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Mear N end of Big Pine Key. 10841 0 NULL MNULL NULL

19 12-Mowv-64  12-Nov-84 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Big Pine Key, N end. 61567 0 NULL MNULL NULL
20 E-Aug-66 E-fAug-66 Cyperaceae Abildgaardia ovata NULL Abildgaardia Florida Monroe Co. Intersection US 1 and C-540, Big Pine Key. 2612598 0 NULL MNULL NULL
21 26-5ep-85  26-Sep-85 Fabaceae  Abrus precatorius  NULL Abrus precat Florida 5t. Lucie Co. Ca. 2 mi. 5of C-712 on C-707, 5 of Fort Pierce. T365, R40E 188387 0 NULL NULL NULL
22 19-5ep-86  19-Sep-86 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Lee Co. Railroad tracks E of lona Road, N of Bonita Springs Read, [ 150430 0 NULL MNULL NULL
23 | 22-Mar-68 22-Mar-58 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Hillsberough Merthgate, Tampa. 82442 0 NULL MNULL NULL
24 25-5ep-76  25-5ep-76 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Pinellas Co. Dunedin Hammock, Dunedin Turtle Trail. 126031 0 NULL MNULL NULL
25 31-Dec-62 31-Dec-62 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Miami-Dade Mear Old Cutler Road at 164th Trace, Miami. T565, R41E, 57712 0 NULL MNULL NULL
26 14-Jan-70  14-Jan-70 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Pasco Co.  River Road, New Port Richey. 88909 0 NULL MNULL NULL
27 1-5ep-599 1-5ep-99 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Hillsborough N of N hiking trail, Little Manatee River State Park. T325, 230364 0 NULL MNULL NULL
28 24-Jun-94  24-Jun-94 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Sarasota Co. Burn zone 44 W, Oscar Scherer 5tate Park. T385, R18E, 5. 214054 0 NULL MNULL NULL i
29 18-5ep-35 18-Sep-95 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Sarasota Co. Clay Gulley Creek picnic area, Myakka River State Park. 230425 0 NULL -82.249444 27.2880555
30 5-0ct-97 5-0ct-97 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Manatee Co. T355, R22E, 57, SWk of NWK of NEX. 224187 0 Wingate Cren NULL NULL
31 15-Feb-02  15-Feb-02 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Brevard Co. Wickham Park, NE of main office, along E side of road. 2315994 0 Wickham Pai NULL NULL -
32 1-0ct-69 1-0ct-62 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Miami-Dade Along Old Cutler Road, near Montgomery Foundation, Co 96563 0 NULL MNULL NULL
33 20-Jan-98 20-Jan-98 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Martin Co.  Ca. 2.5 mi. N of Jensen Beach, on old Florida Institute of T 222434 0 NULL MNULL NULL
34 3-Jun-94 3-Jun-94 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Lee Co. Mear boat ramp footbridge, Koreshan State Historic Site. 232642 0 NULL MNULL NULL
35 8-Apr-91 8-Apr-91 Fabaceae  Abrus precaterius  NULL Abrus precat Florida Lee Co. Cayo Costa Island. 206312 0 NULL MNULL NULL E
36 18-Apr-92  18-Apr-92 Fabaceae  Abrus precatorius  NULL Abrus precat Florida Manatee Co. South Fork State Park. T335, R21E, Sec. 7. 207813 0 South Fork 5 NULL NULL
e 2.0, EQ Caharana Alrnie r\ra.--n-.-wirur BLLELL Abrue mrarar Clarids 14 An Tr Cnaf rasncinn an Chi i+ Ll 200 O Chincaomt B ALILL RILELL ﬁ
44 rp Florida Specimens July-1-2013FL / + )
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88 | 502201 NULL 15-0ct-08 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL US Hwy 31 at the north side of Pinchony Cree UWALOOO?5, 0 NULL -86.417635% 32.056861
89 | 502234 NULL 21-Aug-08 EUPHORBIAC Acalypha  ostryifelia  NULL Alabama MNULL Butler County Hwy 28 at CSX railroad tracks. UWALOOO7S, 0 MULL -86.701556  31.721417
90 | 502786 NULL 16-Sep-08 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL 1.78 air mi. SE of Pin Hook. Along N side of & UWALODO75, 0 MULL -87.846667  32.343056
91 | 502715 NULL 13-Aug-07 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL Along railroad tracks at junction of CR-9 sout UWALOOO7 S 0 NULL -B8.2725 32.220833
92 | 502657 NULL 6-0ct-06 EUPHORBIAC Acalypha ostryifolia  NULL Alabama MULL 3.4 air mi. SW of Ariton. Alang E side of US H UWALOOO7S5. 0 NULL -85.760278 31.569167
93 | 411074 NULL S-fug-60 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MULL Agronomy farm. AU, TROYDO0O030 0 NULL MNULL MNULL
94 | 4105981 NULL 16-Sep-08 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL 1.78 air mi SE of Pin Hook. Along N side of Al TROYD00018 0 NULL -87.846667 32.343056
95 | 4105920 NULL 13-Aug-07 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL Jct. of CR-9 south of CR-32 and south of Crom TROYDO0022 0 NULL -88.2725 32.220833
96 | 4105823 MULL 15-Jun-02 EUPHORBIAL Acalypha ostryifelia  NULL Alabama MNULL Near old station in Lafayette. Mear junction ¢ TROYOD0O12 O NULL -85.404444  32.898611
97 | 410835 MULL 31-Jul-02 EUPHORBIAL Acalypha ostryifelia  NULL Alabama MNULL In Anniston near junction of 4th Street near t TROYOD0O12 O NULL -85.831344  33.548880
98 | 410851 NULL 6-0ct-06 EUPHORBIAC Acalypha ostryifolia  NULL Alabama MULL 3.4 air mi SW of Ariton. Along E side of US Hv TROYOQOO018 0 NULL -85.760278 31.569167
99 | 410854 NULL 8-Aug-00 EUPHORBIAL Acalypha ostryifolia  NULL Alabama MULL State Hwy. 134 and Pea River. TROYQOO0004 0 NULL NULL NULL
100 | 410818 NULL 8-Nov-07 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL Alabama Hwy. 157 at the south side of Choct TROYQ00012 0 NULL -85.74142 31.168863
101 | 410795 NULL 27-Jul-05 EUPHORBIAL Acalypha ostryifolia  NULL Alabama MULL Un-numbered dirt road at ford on Cobb Cree TROYODD012 0 White Oak V. -B6.710004 33.034715
102 | 410792 NULL 27-Aug-05 EUPHORBIAC Acalypha  ostryifelia  NULL Alabama MNULL Crenshaw County Hwy. 59, just north of Dry | TROY0O00004 0 MULL -86.228666 31.891833
103 | 410766 MULL 18-0ct-08 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL US Hwy. 31 at the N side of Pincheny Creek. TROYOO0O18 0 MULL 278 32056861
104 | 410758 NULL 17-Jul-08 EUPHORBIAL Acalypha ostryifolia  NULL Alabama NULL Barbour County Hwy. 28 intersection with Ba TROYOD0012 O NULL -85.347583  31.520417
105 | 410755 NULL 16-Jul-09 EUPHORBIAL Acalypha ostryifolia  NULL Alabama MULL Montgomery County Hwy. 61 at the south sic TROYODOO028 0 NULL -86.251278 32.208417
106 | 410730 NULL 9-0ct-06 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MULL Alabama Hwy. 21 at the Lowndes County ling TROYQ00004 0 MNULL -86.858445 32.003278
107 | 410702 NULL 30-Sep-06 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama MNULL LS. Hwy.. 31 at the south side of Hawkins Cr TROYD00004 0 NULL -86.64738% 31.775194
108 | 410663 NULL 2-fug-03 EUPHORBIAC Acalypha  ostryifolia  NULL Alabama NULL LS. Hwy. B4, ca 1.5 miles east of the Sepulge TROYDRO0004 0 NULL -86.703361 31.403944
109 | 205648 NULL _Jul1886 EUPHORBIAL Acalypha poiretii NULL Alabama MNULL Mobile River UNADDD208( 0 MULL -88.03333  30.68333
110 205746 NULL 4Jul 1893  EUPHORBIAL Acalypha poiretii NULL Alabama MNULL Sullivans Wharf and Mills UNADDDOD4< 0 MULL -88.03333  30.68333
111 | 205511 NULL 11-Jul-98 EUPHORBIAL Acalypha rhomboidea NULL Alabama MULL 1 mi 5E of Oneonta. Off of US 231, about 1 m UNADDODS42< 0 NULL -85.45154 33.5413%
112 | 205531 NULL 17-Jul-98 EUPHORBIAL Acalypha rhomboidea NULL Alabama MULL Omi of Snead. At Snead Cross Road off of US UNADDOS43] 0 NULL -85.39472 34.11572
113 205563 NULL 28-Jul-02 EUPHORBIAL Acalypha rhomboidea NULL Alabama MNULL O'mi of Millport. Rail Crossing on side street UNAOOD585: 0 NULL -88.08278  33.56389
114 205637 NULL _Aug 1896 EUPHORBIAL Acalypha rhomboidea NULL Alabama MNULL Mobile UNADDD2081 0 NULL -88.03333  30.68333
115 205569 NULL 3-Jul-98 EUPHORBIAL Acalypha rhombeoidea NULL Alabama MNULL 1 mi SW of Blount Springs. At Murphy Creek, UNAOODS442 0 MULL -B6.81055  33.92528
116 205534 NULL 7-0ct-07 EUPHORBIAC Acalypha rhombeoidea NULL Alabama MNULL 2 air mi. WSW of Heflin. § of US Hwy 78 appt UNAOODGEE] 0 MULL -B5.61583  33.63806
117 | 205451 NULL 24-0ct-03 EUPHORBIAL Acalypha rhomboidea NULL Alabama MULL Un-numbered dirt road just West of Indian C UNADDDG21E 0 NULL -85.96555 31.57611
118 | 206632 NULL 5-Dec-02 EUPHORBIAL Acalypha rhomboidea NULL Alabama MULL Omi of Mobile. 5t. Louis Street; Federal Coul UNADDOG04: 0 NULL -88.04278 30.65417
119 | 206526 NULL 28-Jul-48 EUPHORBIAL Acalypha rhomboidea NULL Alabama MNULL Spanish River in Mabile Delta. UNADDD208: 0 NULL -88.01667  30.71667
120 | 206530 NULL 30-Jun-50 EUPHORBIACL Acalypha rhomboidea NULL Alabama MULL south side of Monument street, Mobile UNADDOZOB: 0 NULL NULL NULL
121 | 205862 NULL 13 Jul 1874 EUPHORBIAL Acalypha rhombeoidea NULL Alabama MNULL Prattville UNADDD2081 0 MULL -B5.45 32.45
122 | 205787 MULL 27-Oct-84 EUPHORRBIAL Acalypha rhombeoidea NULL Alabama MNULL Creek just east of strip mine at Taft Coal Co., UNADOD208: O NULL -87.33833 33.69556
123 | 205775 NULL Sep-85 EUPHORRBIAC Acalypha rhomboidea NULL Alabama MNULL Co. rte 3 at creek; 1.1 mi. N of AL 17. Ca. 2.5 1 UNAOOD208] 0 NULL -87.99583  33.40861
124 | 205516 NULL 12-0Oct-66 EUPHORBIACL Acalypha rhomboidea NULL Alabama MULL Sipsey Swamp UNADDOZ2081 0 NULL -87.75361 33.33556
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Formatting challenges

e Reconciling datasets within each institution
* Reconciling datasets between institutions

e Georeferencing specimens

e Transforming Lat/Long

e UNCERTAINTY info missing !!!]

e 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
o 372,241 pts and 1,548 species




Ecological Niche Modeling

Flatspike Sedge

L]




Museum Specimens and Climate Data

« Extraction R — package — dismo to create
bioclim layers from monthly PRISM data

» Assoclate 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

e ASSOC _ vith the
clima R package in progress .



Climate Data

 Bioclim correlation 8 layers < 0.85
o Altitude
e 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
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Present Alpha Diversity

min= 63 max= 724

2002 - 2012
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Endemism hotspots

Present Endemic Hotspot

2002 - 2012 Endemic diversity / Total diversity



Future Models

e Consensus models from 3 hand-picked future

scenarios:

— CCSM4 —Community Climate System Model
— MPI — Max Plank Institute

— MIROCS - Model for the Interdisciplinary Research on
Climate

» Both highest and lowest estimates of CO,,
» 2050 and 2070

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



Future Projections

2070 Alpha Diversity — low CO2 2070 Alpha Diversity — high CO2

600
500

min=106 max=632 “ % I min= 130 max=544

500

400 400

300

™ 299

300

105

200

Species Extinct from Florida



Evolutionary History of Florida Plants

» Genbank and sequenced two genes
for 1,440 species

— RbcL, MatK
— Missing 108 species

e 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

,—aniosperms
I

400.0 300.0



Cuscuta_obtusiflora

—/6




Phylogenetic Diversity

Phylogenetic div. as a proportion
of total tree length

Phylogenetic Diversity Proportion
Ultrametric Tree '

"

0.5

04

03

0.2
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Relative Phylogenetic Diversity

RED — more
closely related
than expected

— more
distantly
related than
expected

min=-1 max=1

Phylogenetic div. as a proportion

— Significance

Proportional Phylogenetic Diversity -

Non-Ultrametric Tree

1.0

0.5

0.0

-1.0
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sources of uncertainty
(things you can do something about...)



Geographical Concepts: Datum

Ellipsoid

Geoid e ey /

Spheroid

<«



Sources of uncertainty:

Scale Uncertainty (ft) Uncertainty (m)

20 30 1:1,200 3.3ft 1.0m

1:2,400 6.7 ft 20m
112'\/36'/\/'V

»Coordinate Uncertainty iigggg 222 18652”“

12, . Zm

1:24,000 40.0 ft 12.2m

>Map Scale > 1:25,000 41.8 ft 12.8 m
- 1:63,360 106 ft 322

»The extent of the locality 100,000 s o

1:250,000 417 ft 127 m

»Unknown datum

»GPS accuracy \
()

»Imprecision in direction

measurements "
»Imprecision in distance TE AR

measurements (1kmvs. 1.1km) Sl
\ HNNE WE -0-25
R
st
g: ENE - [mme0
w—éE s -
[ st 1 ?
B 170
| ER

o



Precision vs. Accuracy
Disambiguated

Precision iIs...

...the level of detail contained In or described

by the data.
Example:
42, precise ‘ ‘ @ o
42.1, more precise L ess More

] Precise Precise
42.01, even more precise

Precision can help to minimize uncertainty.



Precision vs. Accuracy
Disambiguated

Accuracy Is...

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

Example: Truth =42

41.999 = more precise, less accur

Less
Accurate Accurate

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



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

* Precision vs. accuracy
e High accuracy is important
* High precision is less important but need to be
informed !!!
e Time in species determination/determination update
e Keep updating species name (in electronic record?)



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

Abildgaardia ovata standard deviation of present model replicates

g —]
.
QL
=) :
K
o l 0.20
o™
I

~ 0.15
@
o™

- 0.10
P~
o

~ 0.05
o
o
|
o™
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Agalinis obtusifolia Differences in 2050 projection models
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Florida Phylogeny

1,548 species
685 genera
183 Families

Ultrametric
Non-Ultrametric

Model Selection:

RAXML — Best Tree
Bayes - distribution

,—aniosperms
I

400.0 300.0



Phylogenetic Diversity

06

05

04

Phylogenetic div. as a proportion 0.3
of total tree length

02

Phylogenetic Diversity Proportion
Rooted Tree '

Phylogenetic Diversity Prop Differe|
Rooted — Ultrametric '~

Phylogenetic div. as a proportion
of total tree length

Phylogenetic Diversity Proportion '
Ultrametric Tree

0.5

04

03

02
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Phylo Uncertainty

100 = all trees agree

0 =50 trees sig 50 not

min=0 max= 100
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