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The purpose of the joint solicitation was to
guantitatively investigate how climate change,
climate variability, and land use change:

* influence the establishment, abundance and
distribution of invasive species;

* nteract with invasive species to create feedbacks
that increase their success;

e jnteract with invasive species to cause threshold
responses in natural and managed systems; or

* dffect the chemical, biological and mechanical
management of invasive species.
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The EPA is interested in proposals addressing aquatic ecosystems and the USDA in proposals addressing managed terrestrial systems, both of which can be used to enhance decision support tools used by decision makers to respond to invasive species.



Proposals responding to this solicitation addressed goals 3,
4 and 5 of the USCCSP Strategic Plan (i.e., the Ecosystems
chapter as they relate to invasive species):

. . What are the most important feedbacks between
ecological systems and global change (especially
climate), and what are their quantitative relationships?

. What are the potential consequences of global
change for ecological systems?

. What are the options for sustaining and improving
ecological systems and related goods and services, given
projected global changes?
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Tie in the larger federal program on invasive species through the USCCSP

http://www.climatescience.gov/Library/stratplan2003/final/ccspstratplan2003-chap8.htm�
http://www.climatescience.gov/Library/stratplan2003/final/ccspstratplan2003-chap8.htm�
http://www.climatescience.gov/Library/stratplan2003/final/ccspstratplan2003-chap8.htm�

EPA SUPPORTED PROJECTS

R833838- Interaction of Climate Change, Landuse and Invasive Species: Tests of Contrasting
Management Scenarios for Coastal Communities- Whitlatch & Osman, University of
Connecticut, Smithsonian Environmental Research Center

R833835- Understanding the Role of Climate Change and Land Use Modifications in Facilitating
Pathogen Invasions and Declines Of Ectotherms, Rohr, Blaustein, & Raffel,

University of South Florida, Oregon State University

R833834- Integrating Future Climate Change and Riparian Land-Use to Forecast the Effects of
Stream Warming on Species Invasions and Their Impacts on Native Salmonids. Olden, Beechie,
Lawler, & Torgersen, University of Washington, Forest and Rangeland Ecosystem Science Center,
Northwest Fisheries Science Center

R833836- Beach Grass Invasions and Coastal Flood Protection: Forecasting the Effects of Climate
Change on Coastal Vulnerability. Seabloom, Hacker, & Ruggiero. Oregon State University

R833833- Predicting Relative Risk of Invasion by Saltcedar and Mud Snails in River Networks
Under Different Scenarios of Climate Change and Dam Operations in the Western United States.
Poff, Auble, Bledsoe, Dean, Friedman, Lytle, Merritt, Purkey, Raff, Shafroth. Colorado State
University, Oregon State University, Stockholm Environmental Institute, ,U.S. Bureau of
Reclamation,U.S. Forest Service, ,U.S. Geological Survey July 2008 -

R833837- Elevated Temperature and Land Use Flood Frequency Alteration Effects on Rates of
Invasive and Native Species Interactions in Freshwater Floodplain Wetlands. Richardson,

Flanagan, Qian, & Ho. Duke University, Nicholas School of the Environment and Earth Sciences
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65 aquatic
47 terrestrial proposals


NIFA SUPPORTED PROJECTS

Project Directors: Silander, J. A.; Civco, D.; Wang, G.; Ibanez, |.;
Gelfand, A.; Reid, C.; PERFORMING INSTITUTION: UNIV OF
CONNECTICUT; Title: A MULTI-SCALE APPROACH TO THE FORECAST
OF POTENTIAL DISTRIBUTIONS OF INVASIVE PLANT SPECIES

Project Director: Gao, W.; Liang, X. ; PERFORMING INSTITUTION:
NATURAL RESOURCE ECOLOGY LAB, COLORADO STATE UNIVERSITY;
Title: INTEGRATED BIOCLIMATIC-DYNAMIC MODELING OF CLIMATE
CHANGE IMPACTS ON AGRICULTURAL AND INVASIVE PLANT

DISTRIBUTIONS IN THE UNITED STATES

Project Directors: Sagers, C. L.; Van de Water, P. K. PERFORMING
INSTITUTION: BIOLOGICAL SCIENCES , UNIVERSITY OF ARKANSAS ;
Title: GLOBAL CHANGE AND THE CRYPTIC INVASION BY TRANSGENES

OF NATIVE AND WEEDY SPECIES




A multi-scale approach to the
forecast of potential distributions of
invasive plant species

Sarah Treanor Bois

John Silander Jr.

University of Connecticut

Ecological Impacts from the Interactions of Climate Change,
Land Use Change and Invasive Species: A Joint Research
Solicitation — EPA, USDA
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Apology- can’t do justice to the work.  They can’t be here so I’ll bumble my way through 


First step to understanding how species will respond to climate change is to get baseline information for where they currently occur and under what conditions



Invasive Plant Atlas of New
England (IPANE)

* One third of the vascular
plant flora is non-
indigenous

e 3-5% of which are
considered invasive

* Currently: AT PROES EC odl

— Over 5,000 IPANE plots % ® IPANE Plot
. T e o o8 . Locations

— Over 12,000 individual ' 3

species observations

Mehrhoff, L. J. 2000. Rhodora
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The invasive plant atlas of new england was founded in 2001 in an effort to document invasive plants in the region

Published data from that time found that…

This maps shows…

These plots include presence and absence data along with env and habitat conditions under which the species are growing

Large tracts of New England with no data could be under-surveyed or areas devoid of invasive species.

From these data, we use predictive modeling to determine potential ranges of invasive species in the region. 


Multi-variate forecasts of potential
distribution of invasive plant species
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Ibanez et al. 2009. Ecological Applications
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From previous work in our lab, Ibanez et al. 2009 developed HB models which forecast the spread of some highly invasive species in New England. 
These models included IPANE data in NE and presence data in Japan (native range) as well as LULC data, climate from native and invasive range

These are the resulting potential distribution maps for two of the study species which we are also using in our current study. 

C. orbiculatus, oriental bittersweet in the left, and B. thunbergii, or Japanese barberry on the right. Darker areas are a higher probability of occurrence. Blue dots are herbarium data used in model verification. 

In forecasting the potential distribution of C. orbiculatus, Ibanez et al. in 2009 found that southern New England is dense, spots in northern New England. 

For B. thunbergii, there is a high probability of occurrence in north western Maine, an area outside of the current known range of the species. 

Building from this model, 


A multi-scale approach to the forecast
of potential distributions of invasive
plant species

* Predict potential spread of invasive plant
species
— Be comprehensive over the next few decades

e Climate change
e Land-use change
* Elevated CO,

* Combine experimentation and spatio-
temporal models

* Verify results of previous predictive models
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In order to increase model accuracy and to predict species distribution in the coming decades, we developed a comprehensive approach that takes into consideration the key factors promoting invasions at multiple scales.

the overarching goal is to identify areas prone to invasions and the thresholds that
encourage further spread, and thus be able to optimize early detection and control efforts.

So we will incorporate climate change, LU change and an increase in CO2 as predicted with climate change. 

We will also combine spatio-temporal models with experimentation

We will be able to verify the results of previous predictive models with this approach


Multi-scale approach
Regional level

— Regional climate models

Landscape level

— Modeling regional land
use change

A fonzest edg
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Regional: evaluate plant performance under current and future climate scenarios

Landscape: I.D. LU features that promote invasive spread
Such as habitat fragmentation and increasing forest edges



Multi-scale approach

* Regional level
— Regional climate models

* Landscape level

— Modeling regional land
use change

e Local level

— Species demographic models b
— Habitats and environmental conditions

=
LS

e LY,

. TR
* Individual level SR

e
=17 =

= §
— Effects of increased CO, levels temperature, and
decreased soil moisture
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Local scale: we are developing demographic models for representative inv, species and We will be able to identify the habitats & suites of conditions that support invasive species, habitat suitability, which will help to optimize control efforts. 

Individual level: quantifying how a species may shift its drought and shade tolerance limits when growing under elevated CO2,
How a species may extend their habitat suitability and become exceptional invaders.

I will be focusing our discussion today on the experimental portion of this study. 

Ultimately, demographic parameters combined with spatially explicit HB models for a comprehensive forecast of potential distribution on rep. invasive species under current and future climate and LU scenarios. 


Demographic Models

* Integrate knowledge across J
multiple vital rates (fecundity, -
growth, survival, etc.) to k %
understand consequences for ‘ %
oopulations. A

* |dentify the critical stages driving
oopulation growth rates

e Link vital rates back to abiotic

conditions




Large-scale transplant experiment

* Estimate species colonization potential across
the region

* Look at areas of potential range expansion

e Calculate demographic parameters for each
study species (survival, growth, fecundity)

* Establish thresholds for representative species
selected
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To fill in the various stages of the dem model we implemented a large scale transplant experiment. 

Investigate the performance of invasives under novel site conditions characteristic of the regional landscape

We are looking at areas of potential range expansion, calculating demographic parameters previously mentioned, and _______________



i‘_".iii:"\& RS
* Celastrus orbiculatus (CO) igf‘? b

* Vitis labrusca (VL)

3
A

* Berberis thunbergii (1) .~ 7%
* Lindera benzoin (LB)

* Alliaria petiolata (AF)

* Arabis glabra (AG)
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To populate our transplant garden we have 6 study species.

Native species are gold and invasive are in blue
This color scheme will be used in the results as well. 
Vitas- grapvine
Lindera=spicebush
Atabis= tower mustard


Plot locations

Eastern Connecticut
— 7 plots

Western Connecticut | . _ .
— 6 plots S = e A

Burlington, Vermont e g i) _;r?‘
— 4 plots /] f | oS
Y Orono, Maine I e i
— 2 plots
Presque Isle, Maine
— 2 plots

Image NASA
& 2008 Europa Technologies
& 2008 Tele Atlas
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Connecticut
Location of many first occurrences for the invasive species
Southern New England range
Major soil type = Entisols

Northern Vermont
Represent the invasion front for the invasives
Major soil type = Spodosols

Northern Maine
Area currently outside of known range
Predicted increase in spread for certain species
Major soil type = Spodosols

Overall:
21 Plots x 
42 seedlings/plot =
882 seedlings
(147 seedlings/species)

21 Plots x 
150 seeds/plot =
3150 seeds
(525 seeds/species)
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Mean number of reproductive structures in each region 

Of the plants that reproduced, the number of rep. structures (flowers, buds, sliques)

With this measure, ag has higher number of rep structures









From the survival data we move to individual based bayesian models to explain the survival across the region.

Model survival as a function of light, soil moisture and nitrogen availability. 
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Combining these two. The total rep output multiplies the number of rep plants with the ave number of rep structures. This gives us an indication of potential rep output. Once combined in the dem model with germ success, we will get an idea of the pop growth rates of each species. 








From the survival data we move to individual based bayesian models to explain the survival across the region.

Model survival as a function of light, soil moisture and nitrogen availability. 




Multi-scale approach

Regional level
— Regional climate models

Landscape level

— Modeling regional land
use change

Local level

— Species demographic models
— Habitats and environmental conditions
Individual level

— Effects of increased CO, levels temperature, and
decreased soil moisture
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Local scale: we are developing demographic models for representative inv, species and We will be able to identify the habitats & suites of conditions that support invasive species, habitat suitability, which will help to optimize control efforts. 

Individual level: quantifying how a species may shift its drought and shade tolerance limits when growing under elevated CO2,
How a species may extend their habitat suitability and become exceptional invaders.

I will be focusing our discussion today on the experimental portion of this study. 

Ultimately, demographic parameters combined with spatially explicit HB models for a comprehensive forecast of potential distribution on rep. invasive species under current and future climate and LU scenarios. 


Environmental growth chambers at
Duke University Phytotron

e CO, (umol CO, mol?) ,
— Ambient
— Elevated (+200) S5

e Moisture Py i il el B
— Field capacity (FC) ‘ '

— 25% field capacity (WS)

e Light levels

— 50% full sunlight, simulating open fields (Hi)
— 20% full sunlight, forest edges (Med)
— 5% full sunlight, forest understory (Low)




Native vs invasive woody vines: Response to elevated CO,,
light and soil moisture

field capacity water-stressed

Vitis labrusca . Vitis labrusca Elevated CO,
field capacity l water-stressed 580 umol CO, mol-!

Ambient CO,
380 umol CO, mol*

"of)
N
[£2]
[9p)
:
IE
=
!
o
o
H

Medium High Low Medium High

Light treatment
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Red bars are elevated CO2 results
Blue bars are at ambient CO2

Results shown are comparing the growth response of two woody vines; invasive and native under two different water treatments and under increasing light levels.

What we see is that CO is more responsive to elevated CCO2 especially under areas of stress (low water, low light)

Potentially one mode of competative advantage?

Similar results for berberis and lindera


Experimental biogeography (early
observations):

* |nvasives can establish and thrive beyond their
current range, matching predictions.

* |nvasives outperform native species analogs:
germination, survival, growth and
reproduction across sites.

* |nvasives show greater biomass under
elevated CO, than native analogs, and
respond better to water stress.




Shuyan Liu, Xin-Zhong Liang, Thomas J.
Stohlgren, Wei Gao

July 20, 2011




Background

to better understand how global climate changes affect
the U.S. agricultural and invasive plant species distributions

— 1) full range of future emission scenarios need to be considered;

— 2) niche-based models carry substantial errors in predicting species
distribution due to the lack of dynamics and physics ;

— 3) generally ignored scale consistence and spatial dependencies

— 1) low and high climate sensitivity under four (high, medium high,
medium low, low) emissions scenarios to represent the likely range
and uncertainty of the future climate change projections;

— 2) ensemble species distribution models;

— 3) high-resolution, physically-consistent, and most-complete set of
climate predictors

Minimizing known errors in predicting the current
distribution will likely reduce the overall uncertainty in projecting
future range shifts in response to climate changes.




Climate Data

CEP: CCSM3, GFDL CM2.1;
CMM5, CWRF

SEM: MaxEnt, GARP, CART, BRT,

LR, LSR, BIOCLM, DOMAIN, ENFA,
Envelope
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Climate-Ecosystem Predictive
Species environmentla matching



BIOOO Annual mean temperature BIO10 Mean temperature of coldest
quarter

BIOO1 Mean temperature diurnal range BIO11 Annual precipitation
BI002 Isothermality BIO12 Precipitation of wettest month
BIO03 Temperature seasonality BIO13 Precipitation of driest month

BIOO4 Maximum temperature of BIO14 Precipitation seasonality
warmest month

BIOOS Minimum temperature of BIO15 Precipitation of wettest quarter
coldest month

BIOO6 Temperature annual range BIO16 Precipitation of driest quarter

BIOO7 Mean temperature of wettest BIO17 Precipitation of warmest quarter
quarter

BIO08 Mean temperature of driest BIO18 Precipitation of coldest quarter
quarter

BIOO9 Mean temperature of warmest
quarter




—~— _J_r—:

Species Presence Points
1 13 . 78 . 92

Species ID Common name Scientific name Total Training Test Maximum
points points points possible test
AUC

Tamarisk Tamarix
Cheatgrass Bromus tectorum

Japanese stiltgrass Microstegium vimineum

Japanese honeysuckle Lonicera japonica
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Tamarisk
13
Cheatgrass 
78
Japanese stiltgrass
92
Japanese honeysuckle



* CMM5-MaxEnt significantly improved the
simulation of observed species potential
distribution

* Dramatic future species distribution difference
exist between predictions from CCSM-MaxEnt
and CMM5-MaxEnt

e CMM5-MaxEnt results are more reliable




a) OBS-MaxEnt 1991-2000 Species: 1
: g _

- s

[
Js

g3

L -~
B 3"':‘-?& 3

b) CCSM-MaxEnt 1991-2000 Species: 1

d) OBS-MaxEnt 1991-2000 Species: 13

k) CCSM-MaxEnt 1991-2000 Species: 92
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Tamarisk
13
Cheatgrass 
78
Japanese stiltgrass
92
Japanese honeysuckle



a) CCSM-MaxEnt 2046-2055 $pacies: 1 b) CMM5-MaxEnt 2046-2055 Spe




Based on Jackknife analysis, the bioclimatic layer which
contribute most to the constructed model for each
species is identified

The bioclimatic difference between CMM5 downscaled
and CCSM simulation are dramatic which propagating to
future

The superior skill of CMMS5 in reproducing the observed
precipitation and temperature than CCSM explains the
skill enhancement of CMM5-MaxEnt in simulating
current species potential distribution.

CMMS5 and CCSM produced very different precipitation
and temperature trend




Jackknife of regularized training gain for 1 Jackknife of regularized training gain for 13

Without variable = Without variable =
With only variable = With only variable =
with all variables = with all variables =

000 005 010 015 020 025 030 035 040 045 050 055 060 05 06 07
regularized training gain regularized training gain

BIO15: Precipitation of wettest quarter BIO17: Precipitation of warmest quarter

Jackknife of regularized training gain for 78 Jackknife of regularized training gain for 92
Without variable = Without variable =

With only variable = With only variable =
with all variables = with all variables =

10 15 3] 07 08 09 10
regularized training gain regularized training gain

BIO13: Precipitation of driest month BIO18: Precipitation of coldest quarter
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BIO_13 (CMM5-CCSM)/CMMS5 (%) 1990-1999
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BIO13: Precipitation of driest month BIO17: Precipitation of warmest quarter

BIO15: Precipitation of wettest quarter BIO18: Precipitation of coldest quarter




BIO_13 (CMM5-CCSM)/CMMS (%)
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* The prediction skills of MaxEnt models for the 4
case invasive species were greatly improved by
regional climate model.

* |nvasive species future distributions were
dramatically affected by the model driving
bioclimatic layers.

* Using regional climate model provided driving
bioclimatic layers are recommended given the
more reliable invasive species prediction for
species’ present potential distribution.




GLOBAL CHANGE AND THE CRYPTIC INVASION BY

TRANSGENES OF NATIVE AND WEEDY SPECIES
Sagers, C. L. & Van de Water, P. K.
UNIVERSITY OF ARKANSAS & Cal. State University, Fresno
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GM canola was approved for production in the U.S. in 1989 (Pilson and Prendeville 2004) and now nearly
all (>99%) of the acreage planted in the North Dakota is genetically modified for herbicide resistance




Systematic road surveys and field collections of feral canola
populations were made in North Dakota during the summer
of 2010 to answer the following:

1. To what extent has genetically modified canola escaped
from agriculture in North Dakota?

 2.How large are escaped populations, and how are different
transgenic varieties distributed throughout the state?

e 3. Can novel combinations of transgenic traits be found in
plants growing outside of cultivation?




B. napus was collected at nearly half (46%) of the sampling sites with:
80% (231/288) possessing at least one transgene:
41% (119/288) were positive for CP4 EPSPS;
40% (114/288) were positive for PAT;
two plants (0.7%) expressed both resistance phenotypes,

Density (plants per m?)

0

.01-.5

o .51-1.0
2 1.01-2.0
O 2.01-4.0
i S

Transgene State

= No Canola (343)

» Canola - no transgene (57)

Canola RR only (115)
Canola LL only (112)

@ Canola RR-LL multi (2)

== Interstate Highway
— U.S. Highway
State Highway
¥r Processing Plant
= Canola Field (2009)

1] 100 200
L E—
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Regional Approaches to Climate
Change

Universi
ofldahcl:y




Numbers in Brief

e 3 Coordinated

Agriculture Projects
(CAPs)

e 115 total Co-Pls
e 20 states

24 Land-grant
Institutions

* 4 Federal partners




Climate Change, Mitigation, and
l OWA TAT Adaptation in Corn-Based
R ITY Cropping Systems

e 43 Co-Pls

e 9 states (lllinois, lowa, Indiana, Michigan,
Minnesota, Missouri, Ohio, South Dakota,
Wisconsin)

10 Land Grant Universities, including 1890
(Lincoln University)

e 2 USDA Agricultural Research Service (ARS)
laboratories




Climate Change, Mitigation, and
Adaptation in Corn-Based
Cropping Systems

e Goals

— Estimate C, N, and water footprints of corn production

— Evaluate crop management practices on C, N, and
water footprints

— Model variable climate and economic scenarios

— Perform life cycles analyses (LCAs) to model producer
and farmer adoption of new practices

— Integrate education, extension, outreach, and
stakeholder participation across the program




IOWA STATE _/_Universitv oflllinois,
UNIVERSITY 5 $679,969

University of Wiscansin,
51,379,281

South Dakota State
University, 5640,957

Ohio ARS-Coshocton,

$562,208 S ;
Michigan State University, Lin.colﬂ L!ﬂifrersity of Unwersggr;g t;r‘giz“uwsota,
Ohio ARS— Columbus, $1,124,798 Missouri, 5844,923 Bl

$228,240 Purdue University, University of Missouri,
$1,400,940 $923,365

*Subject to annual appropriations



IOWA STATE
UNIVERSITY

*Subject to annual appropriations
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Measurable outcomes
outputs


University Pacific Northwetst — Regional
Idaho Approaches to Climate Change
of (REACCH)

e 22 Co-Pls
e 3 states (ldaho, Oregon, Washington)

3 Land Grant Universities

e 1 USDA Agricultural Research Service (ARS)
laboratory




University

of ldaho

Pacific Northwest — Regional
Approaches to Climate Change
(REACCH)

e Goals

Establish a trans-disciplinary framework to understand the
interactions between climate change, agriculture, social,
and economic systems in the region

Work with K-12 teachers to develop curricula; train graduate
and undergraduate students

Provide extension to help stakeholders respond to climate
change

Build sustainable partnerships for continued research,
extension, and education concerning climate change and
agriculture




Universi
ofldahc;cy

Agricultural
Research Service,
51,792,309

*Subject to annual appropriations




Universi
ofldahc;cy

\_Supporting
§703,162

*Subject to annual appropriations




Integrating Research, Education, and
Extension for Enhancing Southern Pine
Climate Change Mitigation and Adaptation

* 50 Co-Pls

« 8 states (Alabama, Florida, Georgia,
Mississippi, North Carolina, Oklahoma, Texas,
Virginia)

11 Land Grant Universities

e 1 US Forest Service Collaboration

* 8 regional industrial research cooperatives




Integrating Research, Education, and
Extension for Enhancing Southern Pine
Climate Change Mitigation and Adaptation

e Goals

Quantify the effects of climate, soils, and management on C
sequestration and water regimes

Analyze the genetics of pine populations to determine
important adaptation and mitigation traits

Use life-cycle analyses and models to evaluate forest
management systems and climate effects

Develop education and extension resources to help
stakeholders understand the relevance of southern forests
and to manage for increased climate change mitigation and
resilience




UF [FLORIDA

Oklahoma State >
University, $740,454__~

Auburn Uﬂi“e”’it“/ Alcorn State University,

US Forest SEf'\.f]CE,//NHSSiSS]D{]i State_/Nm—th Carolina A&T Sta‘;;"“xﬂ_\-'irgin]a State University,
$250,000 University, $215,266 University, $93,270 575,000

*Subject to annual appropriations




UF [FLORIDA

*Subject to annual appropriations




Funding provided through the USDA
National Institute of Food and Agriculture
Agriculture and Food Research Initiative (AFRI)

More information is available at (search by
grant number)

* Climate Change, Mitigation, and Adaptation in Corn-Based Cropping
Systems

— Grant number: 2011-68002-30190

* Pacific Northwest — Regional Approaches to Climate Change
— Grant number: 2011-68002-30191

* Integrating Research, Education, and Extension for Enhancing
Southern Pine Climate Change Mitigation and Adaptation

— Grant number: 2011-68002-30185
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