Forecasting Invasions and
Communicating Risks

Tom Stohlgren, Catherine Jarnevich, Tracy Holcombe, Jeff Morisette
Gordon Rodda, Bob Reed, Lea Bonewell (USGS)
Jim Graham, Sunil Kumar, Paul Evangelista, Dave Barnett, Greg Newman, Nick Young,
Patty York, Alycia Crall, Sara Simonson (NREL),
John Kartesz (BONAP), Becky Kao, Steve Aulenbach, Michael Keller, David Schimel (NEON)
Sharon Gross, Chandra Giri, Pam Fuller (USGS), Curt Flather (USFS),
Woody Turner (NASA) and many others!

2 USGSER s

. 5 Univesgley”
cience for a changing world EEecSE—_c— dge to Go Places

National Ecological Observatory Network, Inc.

Created April 6, 2010


mailto:Tom_Stohlgren@usgs.gov

Thinking beyond your area, about multiple stressors, and into the future.
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Examples of Point Distributions Maps and Species “Range” Maps on the Web
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Welcome to NEON

The National Ecological Observatory Network (NEON) will collect
data across the United States on the impacts of climate change, land
use change and invasive species on natural resources and
biodiversity. NEON is a project of the U.S. National Science
Foundation, with many other U.S. agencies and NGOs cooperating.

NEON will be the first observatory network of its kind designed to
detect and enable forecasting of ecological change at continental
scales over multiple decades. The data NEON collects will be freely
and openly available to all users.

For more information, go to About NEON, Inc. Thanks for visiting!
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CLICK ON: SCIENCE then Science Overview
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Datz short pe monitoring programs that collect data to meet natural resource management objectives are not
Stream Experiment designe er new, complex environmental challenges.

MEQM, the first continental-scale ecological observatory, will provide comprehensive data that will allow scientists to address these issues.
The First Continental Ecological Observatory
MEOMN will be the first observatory designed to detect and enahle forecasting of ecological change at continental scales over multiple decades.

MEOMN will use distributed sensor networks, coordinated airborne observations and experiments, linked by advanced cyberinfrastructure, to
collect ecological data across the continental United States, Alaska, Hawaii and Puerto Rico. More in-depth detail about NEON's design and

strategy plans can be found in "The NEON Strategy™. ;l
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The First Continental Ecological Observatory
MECHM will be the first observatory designed to detect and enable forecasting of ecological change at continental scales aver multiple decades.

MECM will use distributed sensor networks, coordinated airborne observations and experiments, linked by advanced cyberinfrastructure, to
collect ecological data across the continental United States, Alaska, Hawaii and Puerto Rico. More in-depth detail about NEOMN's design and
strategy plans can be found in "The NEON Strategy™.

MEOQM has paritioned the U. 5. into 20 eco-climatic domains,
each of which represents different regions of vegetation,
landforms, climate, and ecosystemn performance. Inthose
damains, NEOM will collect site-based data about climate and
atmosphere, soils and streams and ponds, and a variety of
organisms. Additionally, NEOM will provide a wealth of regional
and national-scale data from airborne observations and
geographical data collected by Federal agencies and processed
by NEOM to be accessible and useful to the ecological research
community. NEOM will also manage a long-term multi-site
stream experiment and provide a platform for future
observations and experiments proposed by the scientific
community.

The data collected and generated across MEOMN's netwark — all
day, every day, over a period of 30 years — will be synthesized
into information products that can be used to describe changes
inthe nation's ecosystem through space and time. It will be readily availakle in many formats to scientists, educators, students, decision makers
and the general public.
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Standard Survey and Monitoring Design
(7.3-m radius plots plus ancillary data)

“extensive” sampling:
See www.NAWMA.org - Verify and validate current and potential distribution maps.
USDA FIA design -To map and model tamar!sk (and other mvadgrs) presence, absence and
estimated cover of tamarisk from local to regional and national scales

Tamarisk Polygons with GPS
following NAWMA methods

-

It’'s easy to add
other taxa: birds,
Butterflies,
mammals, etc.

“intensive” monltorlng

-multi-scale circular plot collect quantitative and anC|IIary data on pre- and post control
and restoration efforts.
- quality control of extensive sampling effort following “Beyond NAWMA methods”


http://www.nawma.org/

More Getting the Data from Citizen Scientists

Mapping with Volunteers
 Explain objectives, limitations

* GPS training

« Structured datasheets (palmtops)
» Species ID tools and pictures
 one professional in each group

* provide test sessions

* data input to larger database

* “see the dots, maps, and models”

National Bison Range

Add Professional “Layer”

* Verify observations

 Evaluate sources of error

» Add vegetation plots (stratified random
and gradient plots) or other taxa!

* Integrate data, maps, and models.

« Share results and make recommendations
for future surveys, control, and restoration.

science for a changing world San Pablo Bay NWR
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Domain 10;: Central Plains

Central Plains Experimental Range
Core Area Site Map Domain 10: Central Plains
Central Plains Experimental Range
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Barnett, D. T., T. J. Stohlgren, C. S. Jarnevich, G. W. Chong, J. A. Ericson, T. R. Davern, and S. A.
Simonson. 2007. The art and science of weed mapping. Environmental Monitoring and Assessment.
DOI: 10.1007/s10661-006-9530-0.



Core site Domain#10: Central Plains CPER

20x20 km (AOP) -
400 km2 © S

Legend

200 km radius I Open water
b N :] Perennial lce/Snow

i 3 |:| Developed, Open Space

:] Deveoped, Low Intensity
- Developed, Med. Intensity
- Developed, High Intensity

- Barren Land
:] Deciduous Forest
- Evergreen F orest
l: Mixed Forest
|:| Dwarf Scrub
:] Grassland/Herbaceous
|:] Pasture/H ay
» I:] Cultivated Crops

\‘ { ! i - Woody Wetlands

[—I Emergent Herb. Wetlands

' Sunil

Entire Domain




% of landscape occupied

Modeling Species Habitats
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What happens if the climate becomes warmer and drier?
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NEON is after the drivers!

Response
variable

-Presence only
-Presence with
pseudo-absence
-Presence-absence
-Count/abundance

Predictor
variables

Model
algorithm

Different environmental
variables such as:
-Topographic

-Climatic

-Soil

-Geology

-Disturbance

Different modeling
methods such as:
-Maxent

-GARP

-Multiple regression
-Logistic regression
-CART

Model
predictions
Model N
evaluation | ap of probability of
) occurrence
-Map of predicted
Model count/abundance
validation

Example: Potential habitat distribution of invasive plant dalmation toadflax (Linaria dalmatica) in Colorado, USA

Presence data

B2 Mikcrosaft Ducel - Presence_dota_sxample,csv

P)pe R v Fest o Tk Dws SAUS wn
R~ W - D8 E -8 e

-105.5040
-105.5040

1055090
-105.5140
-105.5150

1055180
-105.5240
-105.5260

2 D il
3]

403582
403558
403500
403461
403452
403430
403433
403374

Environmental

 Temperature
; Precipitation
z e ope

Elevation

Predicted
probability

~—————
'

100




Potential habitat distribution for White Pine Blister Rust

(Cronartium ribicola) in the Western United States
,,;;. 5 e

owstoné N%

Percent contribution of
predictors
— -Growing degree days (47.7%)
-No. frost days (25.3%)
— -Elevation (5.3%)
-Max. temperature (4.4%)
-Radiation (3.8%)

AUC =0.99
75% data Training
25% data Testing

Relative habita\t

suitability

P High
Medium 0 500 1,000 km

- l 1 |
LOW P
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Sensitivity vs. 1 - Specificity for WPBR
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Random chance
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Wow, 99% accuracy!

Training data (ALIC = 0.9494, ®
Testdata (ALIC = 0.985) =
Fandom Prediction (ALIC =05, ®

75% data for Training (720)
25% data for Testing (240)



Environmental Wariable
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3. Seasonality

2. Elevation

4. Geology
1. Growing degree days
5. Humidity



Log Contribution to Raw Prediction

Log Contribution to Raw Prediction

-2.0

-2.5

-3.0

-35

-4.0

-4.5

-6.0

1.6
1.4
1.2
1.0
0e
0.6
0.4
0z
-0.0
-0.2
-0.4

-0.6

Log response of WPBR to growday

Growing degree days

4000 6000 28000 10000
growday

Log response of WPER to bio4

Temperature
seasonality

5 ot

600 800 1000 1200 1400
hio4

o o = = a4 o
m m o = @m @ o

Log Contribution to Raw Prediction

=
=

0.2

0.0

Log response of WPER to elev

Elevation

500 1000 1500 2000 2500
elev

3000




Potential habitat distribution for > 90% infected
trees (by White Pine Blister Rust)
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Http://www.NIISS.org

e Let’'s run a model in real time.

* In the actual webinar, | demonstrated a Beta
Version of our online system for running and
teaching scalable models in ecology,
presenting introductions to species-
environmental mapping, integration of
mathematics and statistics with geographic
information systems, and “investigations” in
drivers of change such as climate change,
land use change and invasion.


http://www.niiss.org/

Caveats and Issues, Warts and all!

eneralist

Species
B
Bio-
Control
Species

Jarnevich, CS, S Kumar, TJ Stohigren, and J Morisette. 2009. Caveats for species
distribution modeling. Ecography. In Review.



Climate Change Examples:

Risk analysis for northern Mountain Pine Beetle

expansion of Kudzu

Average Test AUC = 0.898 (+0.003)

:Lj - i
= Unsuitable

mm Decreasing

—
Stable
L NEON Core Site

Current versus 2035
[JUnsuitable

I Increasing (suitable 2035)
[IDecreasing (suitable current)
[ stable (suitable both)

Jarnevich, C. S. and T. J. Stohlgren. 2009. Near
term climate projections for invasive species
distributions. Biological Invasions 11:1373-1379.



Where we can help. ..

* Potential Python molurus range
In US based on native range

g

Don’t set your pet free here!

iy

2

Rodda et al. 2009. o N _'?.
What parts of the US : g v s
mainland are
climatically suitable
for invasive alien
pythons spreading
from Everglades
National Park?

Biological Invasions  Suitability classification L)
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science for a changing world

Modeling the Human Invader

We looked at changes in “urban” 30m RN

cells from LANDSAT from 1992 to 2001. ""ﬁfx L
;‘._;f\;g' (P ‘

Urbanization increased 7.5% (18,112 ¥

km2) in the nine year period--an area the o

size of Massachusetts. . .

The spread of humans is easily predicted gz;‘;’ § |

from growing degree days, elevation, ® o =

o
o
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Stohlgren, TJ, C.S. Jarnevich, and C. Giri. Modeling the spread of the human
invader in the United States using remote sensing time series. J. Applied Remote
Sensing (In Press).



=~2USGS T&E Species Examples:

science for a changing world

Threatened and Mapping and modeling
endangered tree metapopulations:
Canacomyrica monticola a case study of the

in New Caledonia Yosemite toad

Habitat suitability (probability)

:I Very low (< 0.1)
:] Low (0.1 -0.4)
[ Medium 0.4-00)
B e 06-10)
E’ C. monticola location

Land use
Interactions with
forest harvests
and fire
perimeters

0 20 40

Sunil Kumar and Thomas J. Liang, C. T., and T.J. Stohigren. 20009.

Stohlgren, 2009. Journal of Mapping and modeling metapopulations:
Ecology and Natural Environment & Case study of the Yosemite toad. For
Vol. 1(4), pp. 094-098, July, 2009 Conservation Biology. (In Review).
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a USGS Improving Risk Assessments and Triage

science for a changing world

Consider three simple hypotheses:
(1) Species distributions and potential
habitat suitability change predictably
in space; (2) Species distributions
and potential habitat suitability
change predictably in time; and (3)
spatial and temporal trends in
invasion are best measured with a
field sampling design that captures
biotic and abiotic gradients.

We demonstrate the utility of an
iterative process that combines field
sampling and modeling species.

2007 2020 2050

2007 2020 2050

Kikuyugrass

Hakalau
Forest
National
Wildlife
Refuge,
Hawaii

Velvetgrass

Barnett, D.T. and T. J. Stohlgren. 2009. Improving spatio-temporal
hypotheses for monitoring ecological change. (Draft manuscript)
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~y§@w§ Risk analysis for invading species under changing climates

Modeled Distributions: — A
k_,urre

2020 |

B1. &

Lepidium latifolium

(Perennial pepperweed) Changes in habitat suitability
Red = Increasing

Yellow = Stable

Blue — Decreasing

Grey = Unsuitable

Black = Clamping (need data)

Tracy R. Holcombe, Thomas J.
Stohlgren and Catherine S. Jarnevich.
2010. From Points to Forecasts:
Predicting Invasive Species Habitat
Suitability in the Near Term. Diversity
2009, 1, (In Press).

Information on seed-source
locations and changing climates
Is the key to accurate risk
analysis of invasion potential.




Africanized Honey Bee

Actual Size

We still have a lot to learn!

| give ‘em a Bee plus!


http://www.readingeagle.com/blog/zeke/archives/images/bees.jpg
http://www.google.com/imgres?imgurl=http://www.killingwasps.net/images/AfricanizedHoneyBee.jpg&imgrefurl=http://www.killingwasps.net/africanizedhoneybee.htm&h=380&w=380&sz=74&tbnid=Il4Ah8blOwreNM::&tbnh=123&tbnw=123&prev=/images%3Fq%3Dafricanized%2Bhoney%2Bbee%2Bphoto&hl=en&usg=__Q67J_fWN8zFes1ijLqQeAEXso2A=&sa=X&oi=image_result&resnum=1&ct=image&cd=1

Levels
WWW.NIISS.orq

Browser
End-Users
"""""""""""""""""""""""""" Internet
Server L Web Server
Link to GoogleEarthl — wzowments
Web Scripts PHP Pages > Images = HTML Pages
\\
More Modeling
Script Library Subroutines PHP Classes PHP Utilities
Y
Compiled Library PHP DLL
Existing
Y
GIS Raster Layers Database Pro p 0S ed
Data

Figure 2. GODM system components (existing) and proposed (light blue) required to maintain an enterprise level relational
ecological database, perform high performance global scale analysis, and make all services available to standard internet
browsers. The web server architecture shows the major areas for development with a focus on web scripting, re-usable scripts,
compiled libraries, and data management.


http://www.niiss.org/

What you can do now. . .

Practice modeling as an “ExpertGuest” [use
print-screen captures for class material]

Join a group on or
start a project with your class.
Enter data and
model away!

Provide feedback to us
(what worked, what didn’t?)

Use these Powerpoint
slides (we like to share).


http://www.citsci.org/

The NGOSs: Next Generation of Scientists

Welcome guest Login | My Profile | March 7th 2010

Find a Species il
Find a Project =
Collect Data )

Make a Map
Tutorials

" Phota By: Linda Hurt

CitSci.org is website in support of citizen science. It allows citizens, school groups, and professionals to enter species
observations into a global database. The observations are then used for natural resource management, scientific studies,
and environmental education. CitSci.org provides an opportunity for students and volunteers to perform field studies that
contribute to our collective biological understanding. Submit your observations today!

Featured Project i New Discoveries
Pondicherry National Wildlife Refuge anuary 26th, 2010
All Projects

I Sane

About Us | Contact Us |
An IBIS website Updated 2/24/2010

http: fjweww. citsci.orgfcwis438/websites/CitScifIntroductionToInvasives.php [} e Internet H100% ~

Anyone is free to contact me:

Email: stohlgrent@USGS.gov

For more information see www.NIISS.org or www.CitSci.orqg



http://www.niiss.org/
http://www.citsci.org/

