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Stinkwort invasion in California
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Stinkwort invasion in California
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Stinkwort invasion in California

Adapted from

Brownsey et al.
2013 Calif Agr
Data: Calflora

I 1984

Il 1995-1996
B 1997-1998
[l 1999-2000
I 2001-2002
I 2003-2004
M 2005-2006
M 2007-2008
M 2009-2010
M 2011-2012

I 2013-2014
2015-2016
2017-2018
2019-2020

California counties

40

35

30

25

20

15

10

1980

1985 1990 1995 2000 2005
Year

2010

2015




Risk assessment

Reported risks

Contact dermatitis

Toxicity to livestock

Vineyards

Restoration

Impact Potential
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Establishment Spread Potential

» Early Detection and Rapid Response:

Where is Dittrichia graveolens located and likely to spread?



Climate niche modeling approach

- Niche models, habitat suitability models, climate envelope models...

Broennimann et al. 2012



Climate niche modeling approach

Models can help quantify:
- the preferred climate conditions of a species (its niche);
- whether the niche has evolved over time;

- and where we expect to find suitable climate conditions
in other locations or time periods

Picea glauca Populous tremuloides

l Continued presence
O Colonization credit

B Extinction debt Talluto et al. 2017
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Research questions

- Where is Dittrichia graveolens present now?

- Did Dittrichia expand its niche during its
native range expansion in Europe?

* How does including the native range expansion
affect invasion risk assessment in California?

Native range




Data collection and processing
Collect species occurrence data
Define native range
Get environmental data
Choose resolution

Define background area

Choose a modeling approach

Project suitable climate in California

Model validation



Collecting occurrences
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Collecting occurrences: GBIF data only
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Collecting occurrences: all data
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Defining the original native range boundary

PR

Tyrrhenian
Sea

TUTKRAINE

ul.rmcl.n.?'\am Bor |ry> ~N '. POLAND ¢ -~

s o~
S IES e i . "’ arsaw 2 — " N Voronezh
WALES - ¢ 1 fagin ‘ B P : P

o~

E’ e kiv‘\r

Dniprs
-

L7 ® Mediterranean . P pi
. P ’ -l i
. . . -
A S~ e LN £ mg&:@iﬁbﬂ‘-.‘h‘«ﬁ
Sevilf= -}"\ S voe AT
- . - Rid Ji.'n.""an-'&v cerre 2
S s S et W e Al
- s o | S rirmr mowiosly vl
L .
Or3 ! - B S e
Louta -t | N s L e e iraz aeNYERzwt
2 e & N T S
o Meblla o U { 2
g T8 ! AuNISTA
v ’Pl l \ Medilerr anean Sea
P 1 ; 3 - ' Tripoli
¢ 3
A P~ .
O
= :
Al
3 =]
g &=
p 8
B




Defining the original native range boundary




Final native range map
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Get environmental data

bio1 bio4
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Choose resolution

« 0.5 degrees grid = 30 minutes ~ 35 by 35 miles
- This is a relatively coarse resolution but helpful on this large scale

25 30 35 40 45 50 55 60




Did Dittrichia shift its climate niche during range expansion?

- Framework to calculate niche shifts based on recent papers and software

Petitpierre et al. 2012 Science
Guisan et al. 2014 TREE
Di Cola et al. 2017 Ecography

YV V VY VY

ecospat R package

Precipitation

Temperature

TRENDS in Ecology & Evolution




Did Dittrichia shift its climate niche during range expansion?

- Framework to calculate niche shifts based on recent papers and software

Petitpierre et al. 2012 Science A
Guisan et al. 2014 TREE
Di Cola et al. 2017 Ecography
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ecospat R package

Precipitation
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Defining the “available climate”

- Example study of Lactuca serriola

Alexander et al. 2013
Petitpierre et al. 2012

+ Available climate:
Holarctic Floral Kingdom (Cox 2001)




PC2

Climate niche shift during native range expansion
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Blue shading: original native range
Red shading: native range expansion
Red line: climate of all of Eurasia



PC2

How much suitable habitat has Dittrichia

already filled in California?

Unfilling: 0.63

Green shading: original native range
Blue shading: overlap (California)

Green line: climate of Eurasia
Red line: climate of North America



PC2

How much suitable habitat has Dittrichia

already filled in California?

Unfilling: 0.80

Green shading: expanded native range
Blue shading: overlap (California)

Green line: climate of Eurasia
Red line: climate of North America



California projection based on original native range

- Ensemble forecast model
(preliminary — not ready for use in risk assessment)

N

<t

o

<t
450

0 400

® 350
300
250

8 200
150

34

32

‘&\\Qﬁ " .

-125 -120 115 -110 F A
.;\;;alflorg

&4 A\ \\
&/ Al A\
TR
\




California projection based on expanded native range

- Ensemble forecast model
(preliminary — not ready for use in risk assessment)
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What about the rest of the world? An envelope model:




What about the rest of the world? An envelope model:




Exact predictions highly depend on your modeling method
However, it is clear that:

1) Dittrichia is still actively spreading and has not
yet reached all suitable habitat in California

Early detection efforts seem worthwhile!



Roadways are important corridors to reach new areas
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Roadways are important corridors to reach new areas




Dittrichia is starting to invade off-road habitat in California

2\, UNIVERSITY OF CALIFORNIA

- SINTH GRUL
CAMINO

Introduction

Biological invasion occurs when an exotic
species thrives and spreads in a new region.
Invasions often impose consequences on
native species, communities, and ecosystems,
and it is expected that the severity of these
impacts will increase as more exotic species
become established.

Dittrichia graveolens (stinkwort) is an annual
plant in the Asteraceae family native to the
Mediterranean Basin. It was first introduced
to California in 1984 in Santa Clara County,
where it grows along roadsides and in
disturbed areas’. More recently, Dittrichia
has been observed invading natural sites
away from roads’, representing a common
pattern for invasive plants. To best direct
resources for management and prevention, it
is important that we understand which
communities are most vulnerable to invasion.

Methods
 Plant community surveys were
conducted at 15 locations in
Santa Clara County
Each location has 2 paired sites
- Roadside and off-road
- 30sites total
Roadside site is presumed
source for off-road population
Population size was estimated
using categories (10; 50; 100;
500; 1,000; 10,000)

Characteristics of plant communities invaded by Dittrichia graveolens
(Asteraceae), as it spreads away from roadsides in Santa Clara County

Andrew Lopez*, Miranda K. Melen, Nicky Lustenhouwer, and Ingrid M. Parker
Department of Ecology and Evolutionary Biology, University of California, Santa Cruz

Off-road sites are larger in population
size (number of individuals)

Dittrichia cover was higher, not
lower, at more diverse off-road sites

Number of Individuals

lwm

= Roadside = Off-road

% cover Dittrichia

Alpha diversity

NIFA

Discussion

Our research shows that Dittrichia graveolens is invading away from roadsides.
Off-road populations were often larger than roadside populations, demonstrating
that Dittrichia can successfully take hold in vegetated communities. Even though
there may be more species diversity in off-road populations, these communities
are not immune to Dittrichia invading.

Large populations of Dittrichia were found across a broad range of disturbance
levels (bare ground). In addition, the most invaded communities were comprised
of Asteraceae species and other forbs. Exotic grasses such as Avena barbata may
create a biological boundary that limits the ability of Dittrichia to invade.

Take Home M ges for Manag

Potential for invasion away from roads.
We need to pay attention to controlling off-road

Dittrichia population size was not
strongly predicted by disturbance
(bare ground)

Dittrichia associates more with
other Asteraceae species and
less frequently with Avena

Roadside Population

Transect laid along longest axis of population
Percent cover estimated using three 0.5m x
0.5m quadrats placed uniformly along transect

- % cover Dittrichia graveolens

- % cover bare ground (

- % cover other vegetation  Quadrat example:

Dittrichia graveolens
Other vegetation

Population size

Percent cover bare ground

e e

P
pare i

st Sois

Axis 2 (15% of variance)

R

Axis 1(22% of variance)

Dittrichia tends to grow away from areas that are more densely
vegetated with weedy species, including Avena barbata

More diverse sites, and less disturbed sites, are not
necessarily protected from Dittrichia invasion.
Grassland sites strongly dominated by European
annuals seem to be less invasible.

Next Steps

Data presented are correlational.
Next we will conduct an
experiment where disturbance
and biodiversity are manipulated.

Research s starting this fall at
Blue Oak Ranch Reserve in Santa
Clara County. The experiment will
have 5 treatments: grassland
control, 3 levels of disturbance
(simulated mowing), and an
addition of Hemizonia congesta

subsp. Luzulifolia. Dittrichia seeds
from roadside and off-road
populations will be included.

We hope to present findings of this grassland
competition and disturbance study next year!

Andrew Lopez 2020

» United States Department of Agriculture, National Institute of Food and Agriculture
» UCSsanta Cruz, Department of Ecology and Evolutionary Biology
o The Center to Advance Mentored, Inquiry-Based Opportunities (CAMINO)
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Take-aways

« Exact predictions highly depend on your modeling method
« However, it is clear that:

1) Dittrichia is still actively spreading and has not
yet reached all suitable habitat in California

Early detection efforts seem worthwhile!

2) If similar niche evolution would happen like in Europe,
cooler, moister areas are at risk of invasion



Work in progress

Common garden studymg evqutlon (generatlon 2) Whole-genome sequencing Plant-soil interactions
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Thank you

UC Santa Cruz
Zarina Pringle
Parker and Gilbert labs

So many data sources (an overview)
All naturalists submitting species observations!

Global Biodiversity Information Facility
Calflora

iNaturalist

National species databases of European countries
Herbarium collections

Botanical floras ~
Papers in small botanical journals

Individual Dittrichia experts across the globe

\ “
Funding
- Swiss National Science Foundation

USDA National Institute of Food and Agriculture
UCSC Dept of Ecology and Evolutionary Biology



How do Dittrichia in California compare to European plants?
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