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BiotaPhy 2022 Webinar Series

Add this event to your calendar:

https://www.idigbio.org/conte .
nt/biotaphy-2022-webinar-

Researchers

° Do you want to learn how to use occurrence data
S e r I e S Browse our specimen portal e P h y and available software to address questions in

ecology and evolutionary biology but haven’t had a
Collections Staff chance to take a course and are overwhelmed by
Learn how your collection can the options for self-teaching? Would you like to incorporate this sort of research into your
classes but don’t have time to create the materials and examples? If either of these applies,
then join the BiotaPhy Project for an upcoming series of 10 webinars designed to take you
from biological question to data acquisition and cleaning to analysis and interpretation!

benefit from our work

Teachers & Students
Learning resources &

opportunities to engage
Lo 949 BiotaPhy is a collaboration among iDigBio, LifeMapper, and the Open Tree of Life. Learn more

about the project and register for the webinar series here.

Webinars will be held Wednesdays at 12:30 pm Eastern time, beginning September 21.
All webinars will be recorded and made available, so you won’t get behind if you need to
miss a session. The schedule is:

o o o
I I g I o P o I g Webinar 0: Terms, Concepts, Data Formats — A Tutorial for Background

Click here for PDF

Webinar 1: Introduction: Scope and Research Potential for Multidisciplinary Biodiversity
Modeling and Analysis
Date: 09/21/2022
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Thank You

Maria Cortez
Aimee Stewart

Jill Goodwin
Gil Nelson




Bio#e®Phy

Webinar 7

Species Distribution Models:
Interpretation and Ancestral Niche
Reconstruction




Goals Bio##Phy

Learn how to interpret species distribution
models build using Maxent, and how to perform

ancestral niche reconstruction
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Learning Objectives

Biological Objectives:

Assess species distribution models

Interpret species distribution models

Learn a method of ancestral niche reconstruction
Technical Objectives :

Go over Maxent HTML outputs

Format and requirements for ancestral niche reconstruction
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Webinar organization

1. SDM interpretation
2. Exploring Concepts: Ancestral niche

3. Practical
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SDM Interpretation Bio#ePhy

Assessment metrics

 How do you know the SDM (species distribution model) is telling you

something meaningful?

 How do you know which environmental variables drive the model-
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SDM Interpretation Bio#ePhy

Standard assessment metrics

Sensitivity vs. 1 - Specificity for Heuchera_americana

Loy | ot ot v 058
 AUC - Area Under the Curve
* Plot sensitivity (true positive rate) vs. 1 = i
specificity (false positive rate)
* Given a false positive classification
threshold (x axis), predicted true positive =~ = " “osiwindmiadans = -

rate

* 1:1 line is random performance
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SDM Interpretation

Bio#e®Phy

Standard assessment metrics
* Omission plot
* Less commonly used

 Omission means a sample is present but

was not predicted by the model

* 1:1 line is an ideal model - higher

threshold, more omission

Fractional value

Omission and Predicted Area for Heuchera_americana

o
wu
T
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Cumulative threshold

| Fraction of background predicted ®

Omission on training samples ®
Predicted omission ®
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SDM Interpretation

Standard assessment metrics

* Variable importance

 Many ways to measure, but all are

vulnerable to collinearity

* Temperature and precipitation variables

are highly correlated, so importance is not

independent
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SDM Interpretation Bio#ePhy

Standard assessment metrics ___ BIOCLIM_1

* Response curves

* Shows what the model is actually doing -

probability of presence expressed in terms " mocum s

of one variable

« Often un-biological shapes - due to

model’s response to collinearity R 2039
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SDM Interpretation

Bio#e®Phy

Standard assessment metrics
* Response curves

* Maxent also reports response curves for a

model with only one variable

e Doesn’t use full information in model
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SDM Interpretation

Bio#e®Phy

Standard assessment metrics
¢ Jackknife

* Standard stats meaning - leave-one-out

analysis
* Most straightforward interpretation

» Especially without variable (teal) - notice
leaving variables out sometimes results in a

lot of lost information, other times not

Jackknife of regularized training gain for Tiarella_cordifolia

BIOCLIM_1

BIOCLIM_12
BIOCLIM_17

BIOCLIM_7
GTOPO30_ELEVATION
OPO30_SLOPE_reduced
ragmentpercent_reduced
:_phx10percent_reduced
je_sandpercent_reduced
ccarboncontent_reduced
andCover_1_MNeedleleaf

indCover_&_Herbaceous

| Without variable =
With only variable ®
| With all variables ®

0.0

0.4 0.6

regularized training gain
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SDM Interpretation Bio#ePhy

Standard assessment metrics

* Replication

Average Sensitivity vs. 1 - Specificity for Tiarella_cordifolia

Mean (AUC =0.844) =
7 Mean +-~ one stddev ®
Random Prediction ®

1.0

* Randomly divide test and training data |
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* Maxent allows multiple strategies
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SDM Interpretation

Summary

* Be careful interpreting in terms of physiology
* Use multiple means of assessment

* Use replication

* Focus on the question — extrapolation and niche limits are harder to

estimate, centroid is easy

Webinar 7 16



Exploring Concepts: Ancestral niche [BiowPhy

Going back in time

* Hindcasting: Project model

predictions onto past climate

* Our predictions could be very wrong

if niche has evolved through time

7o) o To) o n S
b= - ~ I3\ ™ ™» =

ll.‘;lol‘"ly T |l Ilatlel l[ ln‘liddllel]l L) éalrly LI 1 latel Ill ledrlyl "étéll !
Plioc Miocene Oligocene |Eocene

* Our predictions are irrelevant if

Pleis;

modern species did not exist back

then
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Exploring Concepts: Ancestral niche [BiowPhy

aillts it il il ]

Ancestral niche

Extant
environmental
tolerance

* Reconstruction of the niche of a

hypothetical ancestor

Scenario l ﬂ@h

temperature

Probability

* Question about the past, too far in
the past to hindcast a current

species’ distribution

Webinar 7 18



Exploring Concepts: Ancestral niche [BiowPhy

. Tt T el il il
Ancestral niche
* Uses SDM outputs directly in the Extant
environmental
form of environmental responses g | tolerance
« Similar but also dissimilar to l ; ,l‘l_r‘_h_l‘
Mean annual

temperature

standard character reconstruction

* Focus is on variance in niche

(”niche breadth”), not just the most

likely value (“centroid”)
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Exploring Concepts: Ancestral niche [BiowPhy

. ol s il il
Ancestral niche
* Multiple methods exant
environmental
2 tolerance
* Available packages: z
; ,rﬁ—H_lL
* phyloclim (R package, available on l ] Mean annual
temperature

CRAN)

 ambitus (available at

https://github.com/ryanafolk/ambitus)

‘ + Histogram method (discussed later today)
Webinar 7 20



https://github.com/ryanafolk/ambitus

Exploring Concepts: Ancestral niche [BiowPhy

o o I o ol s il i, il
Different modes of thinking 4
» E-space: The area of the environment a Extant
environmental
species occupies g | tolerance
* Only need a tree and SDMs, many l & ,I‘I_r‘_h_l‘
Mean annual
temperature

applications

* G-space: The area of the Earth a species

occupies

* Need paleoclimate data too
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Exploring Concepts: MaxEnt

39

37

Projection

35

* Model states occurrence probability in

33

terms of environmental conditions, which

need not be those that obtain at present

* With the assumption that the relationship
between environment and occurrence
holds true through time, can predict for

any time
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Exploring Concepts: Ancestral niche [BiowPhy

Projecting ancestral reconstruction

* Apply reconstructed niche

probability to paleoclimatic data

* Three types of statements:

* Probability

* Binary (yes or no)
Probability

* Distance thow far from ideal

‘ habitat)
Webinar 7 23




Data sources Bio#e®Phy

Pleistocene: late-Holocene, Meghalayan
(4.2-0.3ka), vi.0o

Pleistocene: mid-Holocene, Northgrippian
(8.326-4.2 ka), v1.0

Pleistocene: early-Holocene,
Greenlandian (11.7-8.326 ka), v1.0

Pleistocene: Younger Dryas Stadial (12.9-
11.7 ka), v1.0

Pleistocene: Bglling-Allergd ( 14.7-12.9
ka), vi.0

Pleistocene: Heinrich Stadial 1 (17.0-14.7
ka), vi.0

Pleistocene: Last Interglacial (ca. 130 ka),
V1.0

Pleistocene: MIS19 (ca. 787 ka), vi.0*

Pliocene: mid-Pliocene warm period
(3.205 Ma), vi.0*

Pliocene: M2 (ca. 3.3 Ma), v1.0*

C. 3.264-3.025 Ma
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SDMs: Before we start ... Bio#aPhy/

We will be living outside of Docker today - github repositories run

directly
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SDMs: Before we start ... Bio#aPhy/

To look at Maxent diagnostics download for the first time OR
update the tutorials repository.
Initial download:

git clone https://github.com/biotaphy tutorials

Update tutorial:
cd tutorials

git pull

Webinar 7 26


https://github.com/biotaphy/tutorials

SDMs: Before we start ... Bio#aPhy/

"histogram method”

Identifying climatic drivers of hybridization in Heuchereae (Saxifragaceae)

In revision

R.A. Folk*{, M.L. Gaynor*, N.J. Engle-Wrye, B.C. O’Meara, P.S. Soltis, D.E. Soltis, R.P.

Guralnick, S.A. Smith, C.J. Grady, Y. Okuyama

* co-first authors

1 author for correspondence, rfolk@biology.msstate.edu
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SDMs: Before we start ...

In downloaded repository navigate to

tutorials/data’/input/heuchera_rfolk_sdm/

Click on .html file to get navigable output

Webinar 7 28



SDMs: Before we start ...

In downloaded repository navigate to

tutorials/data’/input/heuchera_rfolk_sdm/

Click on .html file to get navigable output

- browser
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Ancestral niche: Data preparation Iﬁ@é@hy/

Initial download:

git clone https://github.com/ryanafolk/heuchera_ancestral_niche

For your reference: hitps://github.com/ryanafolk/pno_calc
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https://github.com/ryanafolk/heuchera_ancestral_niche
https://github.com/ryanafolk/pno_calc

Ancestral niche: Data preparation Bioka®Ph

Extant

“PNO” (Predicted Niche Occupancy”): environmental
tolerance

environmental variable as predictor,

model suitability as response

Probabili

—

Mean annual
temperature

Formula Bar

iy
@
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2

Bensoniella_oregona
Conimitella_williamsii
Darmera_peltata
Elmera_racemosa
Heuchera_abramsii
Heuchera_acutifolia
Heuchera_alba
Heuchera_americana
Heuchera_bracteata
Heuchera_caroliniana
Heuchera_chlorantha
Heuchera_cylindrica
Heuchera_eastwoodiae
Heuchera_elegans
Heuchera_glabra
Heuchera_glomerulata
Heuchera_grossulariifolia
Heuchera_hallii
Heuchera_longiflora
Heuchera_longipetala
Heuchera_maxima
Heuchera_merriamii

co0oOo0o0O0OO0O0OO0O0O0CO0OO0OO0OOo
OO0 000000000000
cooooooooooooo
oo o0oo0oo0OO0OO0OO0O0OO0OO0OOoOOoOOo
OO0 00000000 O0OO0OO0OOoO

1.52E-07 1.39E-06 6.09E-07 1.60E-06  2.96E-06

oo o0oo0OO0OO0OO0CO0OO0O0O0OO0COO0OOCOOCOOOOOoO
=
kS
~
m

OO0 O0OO0OO0OO0ODO0OO0ODO0OO0OO0OO0OO0ODOO0OOOOOOOO

0O 0000000000000 O0O0O0O0O0OO0OOOoO
(=1

cooco0oo00coO0OOCOOO0OO0CO0OCOO0OO0COOCOOOCOoOCOoC

oo o0oo0oooo
o oo oo oo
o ocooooo
o o ooooo
O o0 O0O0O0OoOOo

Webinar 7 31



Ancestral niche: Data preparation Iﬁ@[@hy/

. |(( (Rodgersia_pinnata:@.103156,Darmera_peltata:®.103156):0.053155, ((((Tiarella_trifoliata:@.048043, (Tiarella_polyphyll
Tree: Newick format ' ' '

Paleoclimatic data: See paper in review,

Gen t.n91 t n92 tn93 tn9% tn9 tn9 tnd7 t.n98 t_n99
[} [ ] 1 0.5197541 0.4388296 0.2114912 0.1259142 0.1238122 0.0967981

conllla clll me w|-|-h quesll-lons aboul- fo rmalll 2 0.5107541 0.4388296 0.2114912 0.1259142  0.1226340  0.0983163
3 9.5197541 0.4388296 0.2114912 9.1259142 0.1226340 0.0975708

4 0.5197541 0.4388296 0.2114912 0.1259142 0.1226340 0.0975708

5 0.5197541 0.4388296 0.2114912 9.1259142 0.1229654 0.0975708

6 0.5197541 0.4388296 0.2114912 0.1259142 0.1229654 0.0975708

[ ] I h I [ ] [ ] 7 0.5197541 0.4388296 0.2017740 0.1259142 0.1229654 0.0990773

° 8 9.5197541 0.4388296 0.2017740 9.1259142 0.1221857 0.0990773

optlona ° P Y ogenetlc uncertalnty [otSV] 9 0.5197541 0.4388296 0.2017740 0.1259142 0.1221857 0.0990773
10 0.5197541 0.4388296 0.2017740 9.1259142 0.1221857 0.0990773

11 0.5197541 0.4388296 0.1932840 0.1246685 0.1221857 0.0990773

12 0.5197541 0.4388296 0.1870675 0.1246685 0.1221857 0.0990773

13 0.5197541 0.4388296 0.1870675 9.1253817 0.1221857 0.0990773

14 0.5197541 0.4388296 0.1783095 0.1253817 0.1221857 0.0990773

15 0.5197541 0.4388296 0.1783095 9.1253817 0.1221857 0.0990773

16 0.5197541 0.4388296 0.1783095 0.1253817 0.1221857 0.0990773

17 0.5197541 0.4388296 0.1783095 0.1253817 0.1221857 0.0990773

18 0.5197541 0.4388296 0.1776911 9.1253817 0.1221857 0.0990773

PY 19 0.5197541 0.4388296 0.1776911 0.1253817 0.1221857 0.0990773

20 0.5197541 0.4388296 0.1776911 9.1253817 0.1221857 0.0990773

; te r m I n a I 21 0.5197541 0.4552106 0.1747089 ©.1253817 ©0.1225292  0.1001253

22 0.5381017 0.4736103 0.1747089 0.1253817 0.1225292 0.1001253

23 0.5381017 0.4736103 0.1703725 9.1253817 0.1225292 0.1001253

24 0.5381017 0.4736103 0.1703725 0.1253817 0.1225292 0.1001253

25 0.5381017 0.4736103 0.1655152 9.1253817 0.1225292 0.1001253

26 0.5381017 0.4736103 0.1583839 0.1253817 0.1225292 0.1001253

27 0.5381017 0.4736103 0.1583839 0.1253817 0.1225292 0.1001253

28 0.5381017 0.4736103 ©.1583839 9.1253817 0.1225941 0.1001253

29 0.5381017 0.4736103 0.1502337 9.1253817 /] 0.1001253

.1225941
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Ancestral niche: Data preparation Iﬁ@é@hy/

A 3.23 mya Relative 2.71 mya Relative
n probability probability
1.0 1.0
Ouvutput
p 0.6 0.6
0.4 0.4
0.2 0.2
0.0 0.0
C Reconstruction time points in panel A
2.24 mya 1.65 mya " vs. global temperature
Relative Relative
probability probability
0 - {
1.0 1.0 _ |
™ 0
0.8 08
06 06 7
04 4 04 o
02 \w“ 0.2 = ‘
0.0 0.0 '
. 3 I I I | | I I
- 3.0 2.5 2.0 1.5 1.0 0.5 0.0 mya
2 4
0.86 mya Relative 0.46 mya Relative
probability probability
1.0 1.0
08 08
06 06
0.4 {\ 0.4

0.2 Y 4 0.2
\
0.0 | 0.0
, R
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Ancestral niche: Data preparation Iﬁ@[@hy/

3.23 mya )
Relative

probability

0.10
0.08
0.06
0.04
0.02

Output

Global temperature

1 2 3 4 5

3.0 25 2.0 1.5 1.0 0.5 0.0
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Session Summary, Q&A and Discussion BiowaPhy

* SDM interpretation

* SDM assessment

« Concepts behind ancestral niche reconstruction
* Use of “histogram method”

Webinar 7 35



Session Summary, Q&A and Discussion BiowaPhy

Any questions??

Please use the chat to write your question:!
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