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An invasion of Indo-Pacific lionfish began in the western Atlantic Ocean about 40 years ago, but populations really only exploded throughout the region starting around 2000.  Some places have been overrun by these fish, and many scientists believe that the invasion could cause massive changes in coral reef ecosystems.  And data is beginning to mount in support of that, at least in places where the invasion levels are very high.  



CAN we do this?
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The problem in a nutshell.  Lionfish reproduce often and prolifically.  They eat a lot.  Nothing eats them.  And they’re not done expanding their range.



Demand
I hope we can do this!
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But there may be a silver lining.  There has been a growing demand for lionfish in the marketplace.  Restaurants and retailers want it, small business for seafood products are struggling to emerge, and initiatives are even underway to create economic opportunities for people who make jewelry from lionfish.  So the solution to the invasion may be two pronged – one a fishery to meet market demand, the other straight up population control.  



WHAT CAN BE DONE?

Eradication vs. Control
Shallow vs. Deep
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But what CAN be done?  What exactly is the “solution”?  Almost everyone believes the lionfish invasion has gotten to the point where humans alone cannot eradicate them.  Part of the reason is sheer abundance and widespread distribution.  Another is because we haven’t even begun to address control in water below scuba depths.  Until Nature takes over and finds some biological solution, we believe that the best we can hope for is keeping lionfish populations below levels that will threaten invaded ecosystems.  



Genetic Engineering
(lethal genes, sterility)

Too widespread
Too many fish
Pair spawners

Long lived
Not spawning in captivity

Regulatory and social hurdles
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The idea of genetic engineering is often raised as a way to control them.  Lethal genes or genes that cause sterility are sometimes added, for example, to insects that carry diseases.  When high numbers of insects with these genes are raised and released, then can reduce the invading populations.  Vertebrates are much more difficult to deal with in this way.  Lionfish in particular have characteristics that make GE difficult, at least at present.  The invaders are very widespread and abundant.  They spawn in pairs, and have long lives, and they don’t reproduce in captivity.  Thus raising enough fish with genetic defects is not currently practical.  Even if it were, there would be regulatory and social issues to deal with.  



We can do this…
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Scientists like Stephanie Green have found that it is possible, however, with regular removal effort, to keep lionfish populations below levels that alter natural ecosystems.  And there are a lot of people with all sorts of ideas on how to do that.  Some might seem either impractical or even crazy, but until something actually works, I don’t think it’s fair to dismiss anything.  But as you’ll see the world of lionfish control is a bit of a Wild West at this point in time.



We CAN do this!
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Above depths of about 120 feet, divers have been spearing lionfish since the outbreak really took hold about 15 years ago.  With the development of ZooKeepers and similar devices that hold lionfish safely, divers can catch dozens of lionfish on a single dive.  So far, demand in the seafood market is being fed primarily through shallow water spearfishing, and some through bycatch in the lobster fishery.  But there are also non-commercial lionfish derbies going on in many places, keeping numbers low in some locations, and the state of Florida even sponsors challenges by offering awards of various types for people who remove lionfish.
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Lobster fishermen in the US and elsewhere have been capturing lionfish as bycatch while targeting lobsters.  They’re caught in high enough numbers to make them worth selling, at least in local markets.



We want more of this!
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And occasionally, you can find lionfish at some of the higher end grocery stores, but only sporadically.  Clearly, demand exceeds supply, and there is a lot of opportunity for growth.  This is particularly so for inland markets, where distribution networks are not yet optimized for delivery.  And there is a huge, virtually untapped supply of lionfish in deep water, beyond scuba depths. 
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There are groups like REEF and ReefSavers that are actively educating the public and promoting lionfish as an eco-friendly seafood, and training people how to take advantage of the availability of fish and economic opportunities that come with it.  There is certainly a niche for more of this.



We tried this?
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Switching to control efforts for a moment, there have been attempts to promote natural controls of lionfish populations by teaching predators to eat them.  Lionfish were speared and fed to groupers in hopes that they’d develop a taste for them.  Unintended consequences, however, have caused most people to look for other solutions.  Lionfish do distress some fish with their spines.  They are also not a natural food for these fish.  And they are making other predators aggressive toward divers.  So the practice is not being promoted as it was a few years ago.  



Paul Van Pelt
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Shallow water control will probably continue to be dominated by spearfishing, focusing effort in priority areas to make sure they are well protected from effects.  We’re hoping that deep water control could be partially achieved by modifying lobster traps to make fishing for lionfish lucrative for people already working in these waters.  Scientists are modifying the entry funnels of existing fish traps in ways that enhance lionfish capture while reducing the entrapment of untargeted species.  They have had some success, though yields are not yet at levels that are likely to significantly reduce lionfish populations in deep water.



Bob and Maria Hickerson
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Others are developing high tech trap solutions involving electronic devices that use pattern recognition technologies to recognize lionfish, opening trap doors only for lionfish, and keeping bycatch out.  These are at the early stages of field testing at this point.



FTEK Proof of Concept
(instrumented spiny lobster trap)

R3 Digital Sciences
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R3 Digital Sciences is developing an inexpensive, rugged extension kit for lobster traps, but adaptable to other traps, that uses image recognition to selectively target lionfish.  Lobster fishermen would like to use these technologies to get approvals to fish outside of lobster season.
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There are also people working on ways to just kill lionfish, leaving them in place to be scavenged by other animals.  Some have proposed ways to use underwater vehicles to kill lionfish.  Here is an ROV, a vehicle operated from a vessel above to find and spear lionfish.
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I’ve also seen proposals for a fleet of submersibles that would hunt lionfish, capturing them using suction samplers, and macerating the fish as they are sucked through a tube, spitting out the parts behind the sub as it moves through the area.
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This is a diver mounted suction sampler.  I’m not sure if it worked, but the guy who was testing it said, “If it doesn’t work, I can go into the ghostbusting business.”



Grant Harvey
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There are also autonomously operating underwater vehicles that could be equipped to search, identify, and destroy lionfish.  This one is designed to inject a lethal dose of fluid into Crown-of-Thorns starfish in the Pacific.  These units wouldn’t be connected to a surface ship, allowing them to hunt for long periods of time, surfacing only to repower.
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This is a set of panels being tested to see if lionfish could be electrocuted.  If these work, they could be attached to an ROV or AUV. 
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The longer-term idea is to deploy these units on vehicles that could do this autonomously.  There are, of course, numerous challenges having to do with power needs, navigation, search requirements, and obstacle avoidance.  And there is still the issue that single fish are killed, so the impact to overall population would be low, at least at first.  If these types of units could work, you could use them in a number of ways to eliminate lionfish one by one.  This one would use a spear.
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If all else fails, did I mention that this is still the Wild West when it comes to lionfish control?



What if we try this?

• Deep water control of lionfish
• FAD/LAD-based attraction
• Minimize by-catch
• Prevent ghost fishing
• Transportable on fishing boats
• Easy to deploy & retrieve
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As I said, I believe that both deep water and shallow water control of lionfish populations are critical if we want to save invaded western Atlantic ecosystems.  Control in either one alone is not enough to avoid the extensive ecosystem effects that many feel could occur.  I’ve began thinking about developing traps for lionfish after seeing Joanna Pitt present a talk on her work in Bermuda modifying lobster traps.  One of the things that stuck with me was the tendency of some lionfish to be attracted by the traps, but not necessarily enter them.  Later, I did some deep dives in a submersible off Ft. Lauderdale, FL with OceanGate and noticed the close association lionfish had with virtually any piece of junk they encountered on the bottom with any relief.  The idea of a FAD-based lionfish trap started to take shape.  I had some other goals in this project as well – not using bait, which would attract by-catch, and preventing ghost fishing.  And for fishermen to actually use the traps, they would have to be convenient – transportable in large fairly large numbers, and easy to deploy and retrieve.



Prototype II
(Cube Trap)

FAD- Based
Non-Containment
Curtain Trap
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The first functional prototype I built was made from PVC and weighted with rebar.  It used 5 gallon buckets and garden edging to create a fairly complex surface with some relief that lionfish might enjoy.  The bar around the base slides up and down the vertical posts when the four-line harness is pulled up, closing a curtain net around the FAD and capturing whatever fish have been attracted.



Pensacola, Florida

Mobile, Alabama

Gulf of Mexico

“Three Chickens”

From: Google Earth Pro

Field Trials
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For field trials, I chose to work off Pensacola, FL.  Here, there are many, many artificial reefs placed on an otherwise mostly sand bottom to attract fish for sport fishing.  And there are a whole lot of lionfish.  So the plan was to place several prototype traps near some artificial reefs and see whether lionfish would be attracted.  We worked in water about 110 feet deep about 18 miles offshore.



This has promise…
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Attraction of lionfish happened quite quickly, within minutes of dropping the traps.  This picture was taken a day or two later, and you can see that some lionfish prefer to be within the trap frame, others seem to be content outside.  But even in short soak intervals, most lionfish remained within a couple meters of the trap.  During each dive, a diver would make counts of fish inside and outside of the traps, note their distance from the trap if they were outside, document their distribution in the trap (high, low, against the FAD).  The diver would also pull up on the harness, closing the trap, and not whether any fish fled on movement of the rod and net.  Few ever seemed bothered by the movement, and virtually all fish inside the frame would be caught.
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Cube Trap Data
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The red triangles here show the percentage of lionfish on the chicken coops that were attracted to the traps over different soak intervals.  A surprisingly high percentage were attracted, ranging from 24-42%.  Importantly, lionfish enter and stay inside the frames of the traps at a higher rate the longer the traps remain in the water.  Over 75% of fish associated with the traps were within the frames for all soak times of at least 18 days.  What we need to determine now is what the curve looks like between 2 and 18 days.  That will give fishermen information about how long the traps would have to soak to optimize yield and time efficiency.
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This is the second generation of the prototype.  You can see that it has no uprights, other than the FAD.  On the original trap, the frame of the trap itself acted like a FAD, and some fish remained outside the net.  This model is a dome trap that encourages lionfish to remain closer to the FAD itself.



Courtesy of Scott Noakes - UGA
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This shows the dome trap during a pool test.
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This is a sequence showing deployment of the dome trap, a lionfish approaching it while I was descending on a dive a couple hours after it was put in, and a possible design for the support frame of a soft FAD.  It’s a coil of spring steel, and it could be wrapped with virtually any soft material that gives the FAD some complexity, yet minimizes drag so currents don’t cause it to collapse. 
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Dome Trap
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The data from the first dome trap that we built suggests that it attracts lionfish at a rate similar to the original.  We’ll be doing more testing on these traps in the spring.



735,000 km2

665,000km2
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The potential for lionfish trapping across the region is substantial.  Not all places provide suitable habitat, but there is nearly as much habitat for lionfish in the western Atlantic, Caribbean, and Gulf of Mexico between 30 and 300 meters as there is from 0-30 m.  Because relief tends to be lower in deeper water, I believe that creating vertical relief with FADs is likely to attract lionfish from other nearby relief, making them vulnerable to capture.



Solution
Holes

136,000 #
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This habitat was found on the west Florida shelf during a project on Pulley Ridge funded by NOAA.  This is around 100 m deep and the holes you see are called solution holes, but they’re excavations made by Red Grouper to create rocky habitat.  The exposed relief attracts many species of fish, perhaps none more than lionfish nowadays.  During ROV surveys, virtually every solution hole had a dozen or more lionfish, and estimates are that there are around 136,000 of these holes on Pulley Ridge alone (a very small portion of the Florida Shelf). Placing traps in these areas is likely to yield some large and consistent lionfish hauls.  Whether we could catch enough to control impacts to prey species is uncertain, but the current abundance of lionfish and the high habitat suitability for the species I think should be motivation to get something in the water that might help.



2-Meter Lionfish Purse Trap
Hardware
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This is another trap frame that we’ll be testing.  It will allow faster and easier deployment and recovery, as it travels vertically through the water.



We can do this!

• Mods to dome trap
• Purse trap & design specs
• Partner trials 
• Attraction: Soft FAD, sound, light, bait, 

pheromones…
• Carrying capacity
• Diurnal behavior
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Here are some next steps of this development work.  I’ve already discussed the first couple.  We need to test the traps in deep habitats of various kinds, along with fishermen, who I’m sure will change and vastly improve the way the traps operate.  We’re also anxiously awaiting the results of FAD studies that James Morris, Lad Akins, and Alex Bogdanoff are doing.  We want to test some soft FADs that will help with transporting traps on boats.  We’re hopeful that the sound studies will yield some information on noises that might attract lionfish, but we also want to test the effects of light and various chemical attractants in bringing lionfish to FADs even quicker.  We need to know how concentrated lionfish can be in a trap.  If there is a low carrying capacity, it will mean that only larger non-containment traps can catch more fish, and it could become impractical for fishermen.  Finally, a better understanding of when fish rest in the traps vs. go out hunting in different habitats will help us know when to pull them.  Some of these we’ll be working on in front of a fire over winter.  Others will have to wait until the thaw in Spring. 



http://sanctuaries.noaa.gov
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