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Ecosystem transformation

Ecosystem transformation is change that re -
arranges historical species composition and the 

ecological function of habitats  
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Thompson et al. 2021

Ecosystem transformation is nothing new з
  BUT, the current causes are  unprecedented

ÅAnthropogenic 
   climate change
ÅLand use change
ÅInvasive species
ÅDisease
ÅHabitat fragmentation
Åз
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Ecology of ecosystem transformation



Ecosystem transformation is nothing new з

    BUT, the current causes are  unprecedented

AND, the relationships are hard to predict

ÅNovel communities
ÅIndirect effects
ÅAdditive / synergistic effects
ÅThresholds / tipping points
Åз
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Ecology of ecosystem transformation



Ecosystem transformation

Ecosystem transformation is change that re -
arranges historical species composition and the 

ecological function of habitats  
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Accept
To allow ecosystem composition, 

structure, processes, or function to 
change autonomously

Direct
Actively shape change in ecosystem 
composition, structure, processes, or 

function toward preferred new 
conditions

Definitions from Crausbay et al. (in press); design from Thompson et al. 2021

The RAD framework

Resist
Work to maintain or restore ecosystem 
composition, structure, processes, or 
function on the basis of historical or 

acceptable current conditions
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RAD is adaptive management
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Putting RAD into action 
Challenges for USFWS managers

evidentlycochrane.net

USFWS Mission:
Working with others to 
conserve, protect, and 
enhance fish, wildlife, 
plants, and their habitats 
for the continuing benefit 
of the American people.



RAD and wilderness areas
USFWS manages public lands for conservation
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National Wildlife 
Refuge System:

568 wildlife 
refuges (NWRs) 

including 21 NWRs 
designated as 

wilderness 
 

Bitter Lake NWR/Salt Creek Wilderness, 
                        New Mexico

Wichita Mountains NWR and Wilderness, 
                        Oklahoma



RAD and threatened or endangered species
USFWS administers the Endangered Species Act (ESA)
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Yuma wƛŘƎǿŀȅΩǎ RailBull Trout

Mojave Desert Tortoise

Dwarf Bear Poppy Amargosa Niterwort

Oregon Silverspot Butterfly



Threatened and endangered species
Ongoing litigation
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Lack of policy support
Roadblocks to Assisted Migration
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Additional barriers to RAD implementation 
Faced by natural resource managers
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ÅLack of coordination across  

agencies, NGOs, private  
companies, geographic  
areas, or jurisdictions
ÅLack of funding

ÅLimited staff or high staff  
turnover

ÅShifting political 
administrations and 
priorities

ÅState, city, or other 
municipal prohibitions
ÅSocietal resistance
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Creating nesting habitat for crocodiles
Crocodile Lake NWR



Creating nesting habitat for crocodiles
Crocodile Lake NWR
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Invasive vegetation
Blackwater National Wildlife Refuge



Invasive vegetation
Blackwater National Wildlife Refuge
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Removing invasive riparian vegetation
To  maintain native riparian habitat for endangered birds

Photo credit:  BLM

After manual removal

Native cottonwood and 
willow recovery



Removing invasive riparian vegetation
To  maintain native riparian habitat for endangered birds
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Photo credit:  BLM

After manual removal

Native cottonwood and 
willow recovery



American Burying Beetle
(Nicrophorus  americanus)

Listed as endangered in 1989
Down listed to threatened in 2020

Conserving future habitats
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American Burying Beetle
(Nicrophorus  americanus)

Listed as endangered in 1989
Down listed to threatened in 2020

Conserving future habitats



Northward expansion of mangroves
Chassahowitzka  National Wildlife Refuge

ÅNative mangrove species 
moving north up the coast
ÅColonizing salt marshes

ÅMarshes disappearing due 
to sea level rise, mangroves 
maintain an ecological 
foothold



Northward expansion of mangroves
Chassahowitzka  National Wildlife Refuge
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ÅNative mangrove species 

moving north up the coast
ÅColonizing salt marshes

ÅMarshes disappearing due 
to sea level rise, mangroves 
maintain an ecological 
foothold
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Deliberative
Engagement

Application at 
Multiple 
Scopes

Adaptive
Management
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