
The	  landscape	  is	  changing-‐-‐	  

-‐-‐can	  we	  look	  at	  it	  differently?	  



How I got my start as a 
restoration ecologist: 
pulling Scotch broom! 



An outline for today: 

•  the tricky business of predicting where plants will go 
as the climate changes 

•  strategies for dealing with uncertainty 
•  novel ecosystems and the backlash against invasion 

ecology and weed management 
•  five prescriptions for effective future interventions 





Folsom “Lake” at 17% of capacity  





Snowpack: 
30-90% decrease this century, 
earlier melt by 6-21 days 

Precipitation: 
<10% decrease overall 

Droughts: 
~5-10% more drought 
months in the next 30 years 



The response of the biota to these changes may be 
profound and troubling, especially iconic species 



How do they make these 
predictions in the first place? 



A first step: guessing at emissions scenarios 
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40 total scenarios depending on energy mixes 
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The other piece: 
 
General 
Circulation 
Models 
 
or 
 
Global 
Climate 
Models 
 
(GCMs) 



GCM grid cells are 
too big to estimate 
local impact 

•  Regional climate 
models to incorporate 
local topography and 
land cover, e.g. 
RegCM2.5 

•  Statistical downscaling 
to relate large-scale 
climate variables to 
small-scale variables C
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Snowpack: 
30-90% decrease this century, earlier melt by 
6-21 days 

Precipitation: 
<10% decrease overall 

Droughts: 
~5-10% more drought months in the next 
30 years 

OK, that gets us to climate predictions. 



How do we model the biotic responses? 



Bioclimatic envelope models, aka “niche” models 
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Bioclimatic envelope models, aka “niche” models 

Use existing range 
maps to match 
climate variables 
to a species’ 
current distribution 



Bioclimatic envelope models, aka “niche” models 

Select the endpoints 
that define the 
species’ tolerance for 
environmental 
conditions 



Bioclimatic envelope models, aka “niche” models 

Turn all the “endpoints”  
into a set of rules that 
dictate whether a 
species can be present 



Bioclimatic envelope models, aka “niche” models 

Then program in your 
projections for a future 
set of climate variables 



An example using my 
“favorite” invader, 
yellow starthistle 
(Centaurea solstitialis) 
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•  Ensemble approach with 10 
different GCMs included 

•  A1-b emissions scenario 
•  4 climate variables (monthly 

precip, annual precip, min temp, 
max temp) 



Redder colors mean more 
models agreed on this range 



There’s obviously 
some uncertainty 
in this model… 
 
 
…but actually, 
there’s more than 
meets the eye. 
 



Source of Uncertainty #1: 
The emissions scenarios are just educated 
guesses about what the future will be like. 

Source of Uncertainty #2: 
The global models are just educated guesses 
about what’s driving the climate system. 

Source of Uncertainty #3: 
The regional models are just educated 
guesses about how local impacts will play out. 

x 

x 



#1: It’s not really an “envelope.” 

And now, some additional uncertainties 
due to assumptions built into BE models. 

Some variables, such as temperature and sea-
level rise, can alter independently—increasing 
the potential for “no-analog” climates 
 



#2: BE models typically ignore the role of other 
variables besides climate on species’ ranges 

•  Soil factors 
•  Competition 
•  Predation 
•  Dispersal limitation 



#3: BE models assume plants won’t adapt 
or change their “behavior” 

•  Change may be gradual enough to 
select for new climate tolerance 

•  “Sleeper” weed populations may 
suddenly erupt 

•  CO2 fertilization might make plants grow 
faster 

•  Drought might increase flammability 



#4: BE models assume that ecological 
communities will stay together, with their 
herbivory/competition relationships intact 

…but 
dispersal 
rates and 
tolerances will 
differ, so “no-
analog 
communities” 
will form 



In short, the web of ecological interactions 
is mostly missing from the models… 

…and there’s another web of interactions, 
with land use and management interventions 



Like what? 

Biocontrol agents. 

•  High temperatures may increase 
insect population growth 

•  Higher C:N of plant tissue may 
decrease impact of insect feeders 
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Like what? 

Spraying herbicides. 

•  Shorter spray window 
when plants grow faster 

•  Higher shoot:root 
dilutes glyphosate 

•  Herbicides less 
effective with increased 
heat, dry wind 
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Thoroughly confused yet? 

Feeling paralyzed? 



To work past paralysis, our approach must 
not be to DENY or IGNORE uncertainty, 
and stick to our same old program. 
 
 
It must be to EMBRACE uncertainty. 

We should be thinking about 
RESILIENCE to change, not 
RESISTANCE to change. 



Adapted from CH Waddington 

Change may be inevitable, but that doesn’t mean 
we are powerless to direct it, or to plan for it 
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Some 
decisions 
are low-risk 
even when 
we’re not 
exactly 
sure what 
the future 
holds. 



Land managers 
are accustomed to 
working in a world 
where the drivers 
of change can be 
controlled, even if 
not fully 
understood. 
 
Adaptive 
management 
works in this 
situation. 



But now we live in a 
world where we can 
only respond to the 
major drivers of 
change, not control 
them. 
 
 
 
This situation 
requires scenario 
planning. 



Scenario planning was 
developed by the 
military to respond 
proactively to complex 
future threats—to 
foresee the 
unforeseeable. 
 
 
  





Tidal marsh 
restoration in 
SF Bay Area 

•  Uncertainty 
about sea-level 
rise (SLR) 

•  Uncertainty 
about sediment 
accumulation 
(SED) 

Source:	  Veloz	  et	  al.	  2013	  



Blue = 
combination 
strategy  
 
Red = 
“current 
conditions” 
strategy 
 
Others are 
“all-in”  
strategies 

Source:	  Veloz	  et	  al.	  2013	  



Scenario planning requires you to 
examine or question your assumptions.  
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Ben Lomond wallflower (Erysimum teretifolium) 
in the Zayante sandhills 
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Plant A 

Self-Pollination (n = 43) 

Within-Population (n =50) 

Population 1 
Plant C Plant B 

Population 2 

Controlled mating to test fitness 
Between-Populations (n = 68) Between-Populations (n =68) 

Selfing (n =43) 
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Seed set was highest when crosses were made 
between plants from different populations 



Decision tree 
(Breed et al. 2013)  

Collection of seeds 
very close to site 

Experiments show 
seeds are adapted 
to future conditions 

Collect 
proportionally with 
ever-increasing 
distance from site 

Mix widely with no spatial bias 
toward site 

The world is 
uncertain and 
information is 
lacking.  

That’s OK. 



Climate	  
projecKons	  

-‐;	  

	  	  

Benefit	  to	  
wildlife	  

	  	  

	  	  

Common	  Name	  
SR	  Land	  
Mgr	  
RaKng	  	  

Increased	  
drought	  

	  

WeTer	  
winters	  	  

Fires	  
severe	  &	  
frequent	  

	  

Wildlife	  
food	  

resource	  

Wildlife	  
Habitat	  
Provision	  

Pollinator	  
resource	  

arKchoke	  thistle	   hi	   1	   0	   1	   0	   1	   1	  
Italian	  thistle	   med	  

Harding	  grass	   hi	  

English	  plantain	   hi	  

black	  mustard	   hi	  
shortpod	  
mustard	   med	  

bull	  thistle	   hi	  

Smilo	  grass	   med	  

purple	  vetch	   med	  
ANNUAL	  GRASS	   lo	  
NATIVE	  SPECIES	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  

California	  
sagebrush	   	  	  
California	  
buckwheat	   	  	  

white	  sage	   	  	  

+1  
positive 
impact 

 
0 no impact 
 
-1  
negative 
impact 
 

??  
unknown 
impact 
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The reassuring 
simplicity of 
native = good, 
exotic = bad 

Much like the 
reassuring 
simplicity of 
local = right, 
distant = wrong 



We’re being pushed to question our 
assumptions about the need for weed 
abatement… 
 
 
 
 
 
 
 
 
 
…because other people are questioning our 
assumptions! 



(C)onservationists must stop spending all their time 
backing loser species—the endangered and the 
reclusive. They must start backing some winners. 
For winners are sorely needed if nature is to 
regroup and revive in the twenty-first century—if the 
new wild is to prosper. 
 
--Fred Pearce, The New Wild 
 

Sometimes with hyperbole… 



But also 
with data… 



Garlic mustard is very 
dominant, but doesn’t 
seem to have any effect 
on the presence or 
abundance of other 
species in the same 
layer 
 
Davis et al. 2015 

Claim: weeds harm 
biodiversity by crowding 
out native plants  

Abundance ≠ impact! 



Novel ecosystems 
Hybrid ecosystems 
Melting pot ecosystems 
No-analog ecosystems 

•  New species mixes 
•  Abiotic change, 

possibly irreversible 
•  Self-sustaining 
•  Dynamic 
•  May function like 

intact ecosystems 



•  Ecosystems aren’t static; 
dynamism and change are 
the rule 

•  Every place on earth is 
altered by humans; we are 
now reworking the planet for 
our own purposes 

•  Our purposes can be 
various, not just biodiversity 
and wilderness; think about 
ecosystem services 



•  Invasions mostly occur in 
places that are already 
trashed 

•  We’re not very effective at 
combating invasions 

•  Biodiversity goes up with 
invasion because 
extinctions are rare; more 
species are added than 
subtracted 



•  Invasive species 
control is 
damaging to the 
landscape 

•  We should not be 
pouring poisons 
all over the place 



“Thirty years ago, the greatest threats to nature were 
chainsaws, bulldozers, and poisons. Now the greatest 
threats are wild plants and animals. And what do we 
use to fight them? Chainsaws, bulldozers, and 
poisons.” – David Theodoropolous, quoted by 
Cockburn 

Taking out 
tamarisk 





1.  Question the dogma of “native good, exotic 
bad.” 

My 5 prescriptions for the future 



Source: Elise Gornish, UC Davis, unpublished data, N=192 

Reasons for use of non-native 
species in restoration 

1.  Question the dogma of “native good, exotic bad.” 



2. Prioritize control of weeds with negative 
impacts on ecosystem function/services.  



3. Be vigilant about EDRR and weeds with rapid 
spread, but also consider abandoning invaders 
that will require essentially perpetual control. 



4. Recognize that stakeholders may have 
different values, just as managers may have 
different goals, from site to site. 



5. Help build a community of practice that 
generates data to evaluate impacts and 
assess the effectiveness of interventions 

Source: Kimball et al. 2015  



5 prescriptions for effective interventions 

1. Question the dogma of “native good, exotic bad.” 
2. Prioritize control of weeds with negative impacts 
on ecosystem function/services.  
3. Be vigilant about EDRR and weeds with rapid 
spread, but also consider abandoning invaders that 
will require essentially perpetual control. 
4. Recognize that stakeholders may have different 
values, just as managers may have different goals, 
from site to site. 
5. Help build a community of practice that generates 
data to evaluate impacts and assess the 
effectiveness of interventions 
 
 
 
 



Thank you! 


