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Invasive Indo-Pacific lionfish 
in the Western Atlantic





Lionfish Distribution
Red Lionfish – Pterois volitans
Devil Firefish – Pterois miles







Invasion status

USGS Non-indigenous Aquatic Species Database 2013



Green et al. 2012 PLoS ONE

Lionfish abundance has increased rapidly
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Relative predator abundance
Eleuthera, Bahamas

0

5

10

15

20

25

30

35

40

lionfish nassau
grouper

black
grouper

graysby

Fi
sh

 p
er

 1
00

 m
2

Green et al. 2012 PloS ONE13



Lionfish in the 
Loxahatchee River

Judd and Layman 2012



The lionfish have invaded an 
area similar in size to which 

state?





Potential lionfish range
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Gape-limited predators



Avoided Preferred

Green & Côté J Animal Ecol in review



65% reduction in prey biomass over two years

Green et al. 2012 
PLoS ONE



Complete eradication is unlikely
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What have we learned so far?



Population 
suppression

Eradication

Controlling the lionfish invasion



The goal: 

Make the most effective use 
of limited resources for control
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Planning control
Minimize ecological impacts in priority areas



Juvenile fish habitat Marine Protected Areas
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Planning control
Minimize ecological impacts in priority areas



How many lionfish to remove?



How many lionfish can a reef tolerate?



Net prey fish
production
(kg ha-1yr-1)

Prey fish 
production
(kg ha-1yr-1)

- =
Lionfish prey 
consumption
(kg ha-1yr-1)

P   – C    =   N  

Prey decline if N < 0

How many lionfish can a reef tolerate?
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Prey fish 
production 

Lionfish 
prey consumption 

Green et al. in press Ecol. App.

How many lionfish can a reef tolerate?



Surveys of prey fish biomass Brown et al 2004
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Prey fish production
(kg ha-1yr-1)

How many lionfish can a reef tolerate?

Green et al. in press Ecol. App.



Brown et al 2004
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Lionfish prey consumption
(kg ha-1yr-1)

Lionfish densities 
and body sizes

Coral Reefs 2013

Diet composition
MEPS 2013Predation rates

MEPS 2011

How many lionfish can a reef tolerate?
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How many lionfish can a reef tolerate?

Surveys of fish biomass
Lionfish densities 

and body sizesPredation rates
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How many lionfish to remove?
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0

How many lionfish to remove?



The Bahamas

Eleuthera Island



Eleuthera, Bahamas
Lionfish removal experiment

Testing targets for lionfish control
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Eleuthera, Bahamas
Lionfish removal experiment

Testing targets for lionfish control
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Eleuthera, Bahamas
Lionfish removal experiment

Testing targets for lionfish control
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Testing targets for lionfish control

Two year removal 
experiment:

• Removed lionfish 
monthly to maintain 
four treatment groups

• Surveyed native fish 
community every six 
months
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Change in prey-sized fish (<15cm)
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How often to remove?



What is the cost and effort needed for 
control?



Florida Keys National 
Marine Sanctuary

Biscayne 
National Park

c

c

Buck Island
National Monument

Lionfish removal project
Florida Keys St Croix, USVI

John Pennekamp
State Park



Florida Keys









Tools to achieve control

(…..Robots?)

Derbies Diver removal Traps 



Global Invasive Species Database 201253



Population control

Single-species population models 
identify mortality rate needed to  

cause population decline
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Population control

ERADICATION
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Small population sizeRestricted  geographic range 

Occupied habitats readily accessible

When is eradication successful?

Invader easily removed 56



Invasions in the sea
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Marine conservation occurs at a local scale
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Numerical 
eradication

A new approach to 
invasive species management
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Numerical 
eradication

‘Functional’  
eradication
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A new approach to 
invasive species management



A new approach to setting targets 
for invasive species control

Three steps:

1. Quantify the mechanisms by which the invader 
affects native communities

2. Identify population thresholds of the invader that 
elicit community effects

3.  Set population thresholds as targets for control

A new approach to 
invasive species management



Invasion & US marine protected areas



Many ongoing invasions in US waters



Which marine invasions can be functionally 
eradicated?

Aim 1: Identify predictors of eradication success

Aim 2: Determine candidates for functional 
eradication

Aim 3: Apply a functional eradication framework



Thank you
• stephanie.green@science.oregonstate.edu



Green et al. 2012 PLoS ONE

Lionfish abundance has increased rapidly
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64 prey fish plus a shrimp!



Impact of lionfish on Bahamian reef fishes

Up to 95% 
reduction in fish 

biomass between 
2007-2010

Green et al 2012
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