Population and range assessment of the invasive Lionfish (Pterois volitans/miles) and discussion of regional-specific effective management strategies
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Motivation

Lionfish are thought to have been introduced to the Western North Atlantic by intentional and unintentional means in the mid 1990’s (Hare and Whitfield 2003).  Since their introduction, they have become established along the southern Florida coast, Bermuda, and several islands throughout the Caribbean Sea (Meister et al. 2005).  Their range has been spreading due to natural oceanic currents, though their functional northern limit appears to be North Carolina (Meister et al. 2005).  Although two species of lionfish are present—red lionfish, Pterois volitans and black lionfish, pterois miles—P. volitans comprises the vast majority of the population (Whitfield et al. 2002; Hamner et al. 2007).  The lionfish exhibit the typical characteristics of an r-selected, invasive species: they grow quickly, reproduce frequently, have no functional predators, and are extremely effective predators themselves (Moriss et al. 2008).  
The lionfish has received a lot of attention recently, due to the ecological, social, and economic threats it imposes.  P. volitans/miles primarily feed on small fishes and invertebrates and is shown to reduce recruitment and biodiversity in reef environments (Morris et al. 2008). The Caribbean diet of the lionfish likely includes juvenile fishes that are commercially important, such as grouper and yellow-tail snapper, Ocyurus chrysurus.  It will likely cause economic distress in fishermen and communities that are dependent on such fisheries.  In addition, it is a further stressor on the already-overfished fisheries.  Furthermore, the lionfish has venomous spines, which present a health threat.  Stings are not fatal, but intensely painful and often requiring hospitalization (Morris et al. 2008).  
Determining the extent of the lionfish invasion and expansion of existing populations is necessary for effective management.  Analyzing current populations and modeling potential spreading of the lionfish may aid in preventing further damages.  Given their level of establishment, it would be nearly impossible to eliminate the invasive lionfish completely.  Some communities have tried to cope with the lionfish invasion by hosting derbies or instructing fishermen to kill a lionfish on sight (REEF, 2009).  While their efforts certainly help, an effective and widespread form of management is imperative to suppressing the adverse effects of the lionfish.
Overall Research Question

How will the current lionfish populations change in the future?  What management strategies are best suited for limiting their impacts? 


An understanding of invasive lionfish populations (density, growth, etc.) is necessary for an effective management strategy.  Since the beginning of the invasion, some institutions (USGS-NAS, REEF) have collected GPS locations of lionfish sightings (REEF, 2009; USGS 2009).  There are many studies that assess the distribution of lionfish sightings and the chronology of the invasion (Schofield, 2009).  However, there has been little effort devoted to modeling future population growth and densities, in addition to range expansion of the lionfish.  


Understanding the range, density, and growth of the lionfish populations leads to the more important question:  Given the data, what is the best management strategy to cope with the lionfish invasion, and how can it be carried out?  Insofar, the efforts to remove lionfish have been rather minimal, effective only at local scales.  This warrants a re-thinking of current management strategies.   

Approach

Collective efforts of many people are necessary in order to gather lionfish positional data throughout the western North Atlantic and Caribbean Sea.  Countries, such as the United States, and island communities have urged recreational divers and snorkelers to record locations of lionfish sightings (REEF, 2009).  Other governments and programs have given monetary incentives to fishermen to catch and record positional data of lionfish as well (REEF, 2009).  Organizations such as the Reef Environmental Educational Foundation (REEF) and the United States Geographical Survey-Nonindigenous Aquatic Species (USGS-NAS) have collected such data, compiling a list of GPS locations, dates, water depth, and locality description of lionfish sightings.  

I participated in a marine ecology and resource management program from February 2009 to May 2009 in South Caicos, Turks and Caicos, logging several lionfish sightings.  The locations were recorded on recreational and research dives, recording water depth, environment, date and time, estimated size, and behavior.  These sightings were added to a list compiled by School for Field Studies, Center for Marine Resource Management.


Given the database of lionfish sightings, I plan to analyze this data to summarize current chronology of population density, growth, and range while also using mathematical models to predict future density, growth, range of the existing lionfish populations.  

The second aspect of the research deals with implementing the optimal management strategy.  This part is largely dependent on the results of the first portion, and will require a bioeconomic assessment of most affected regions.  Such assessments may include personal communication with fishermen, economic surveys, and an evaluation of the local ecosystem.  Regions with high densities and rapid population growth rates may require a strict management technique to remove large quantities of the lionfish, whereas a more preventative measure may be more useful in regions along the edge of the lionfish’s range.  
Anticipated Results


A paper by Schofield (2009) documents the chronology and extent of the lionfish invasion up to July 2009, using GPS data from USGS-NAS.  The areas that are currently most affected are the southeastern coast of the United States, Bermuda, and the Bahamas, due to lionfish establishment since 2004 or prior.  Other islands in the Caribbean (Cuba, Jamaica, Cayman Islands, Turks and Caicos Islands, etc.) have seen enough lionfish since 2008 to deem them established, with growing populations (Schofield et al. 2009).  Left unchecked, these lionfish populations on the reefs will continue to grow, until they reach carrying capacity, displacing competitors and overconsuming prey.   
I expect their range will expand into the Gulf of Mexico, where currents may transport pelagic lionfish larvae.  They will also likely continue to travel south, along the eastern coast of South America until they reach a southern latitude where they cannot tolerate low seasonal temperatures (Hare and Whitfield, 2003).  The southernmost sighting was in Columbia, though there is potential for the lionfish to extend past that (Schofield 2009).  Their northern limit of the range is confirmed to be North Carolina and a functional expansion northward is unlikely unless the lionfish populations undergo rapid evolution to thermal tolerance.  Some juveniles have been seen as far north as Long Island Sound, though they cannot become established due to cold winters.  
For the regions at the extent of the lionfish ranges, where lionfish have not become established, preventative controls will likely prove the most effective means of limiting population growth and spread.  Such preventative controls may include education of fishermen/locals to simply kill the fish on-sight and record positional data.  However, areas that are heavily affected by the lionfish (i.e. Bermuda, the Bahamas), more strict measures will prove effective.  Although bioeconomic evaluations are necessary to determine the most effective management scheme, I suggest that the establishment of a lionfish fishery may prove to be most effective.  
However, with the advent of an invasive species fishery, there are certain precautions.  With the introduction of a potentially economically viable fishery, there lies the risk that people who reap economic benefits may seek to maintain populations of the lionfish (Carlton, personal comm.).  Obviously, this is not ideal.  A reduction in quotas in target fishes (i.e. grouper) that are competitors may prove useful, returning the quotas to their original state after the lionfish populations are kept in check.  Although this method is a possibility, it merely serves as an example.  The key point to take home is that different areas will require different management strategies.  
Significance


Historically, species invasions have caused displacement of competitors, disruption of ecosystems, adversely affected commercial economies, and introduced sociocultural issues.  Although not all invasions are negative in all respects, many have caused ample problems once the species became established.  The lionfish has become established in many island communities throughout the Caribbean and along the southeastern coast of the United States.  In some areas, it has the potential to displace commercially important species such as the grouper and reduce recruitment of juvenile fishes, which in turn disrupts ecosystem functioning (Albins and Hixon 2008).  Effective management and removal of the lionfish would help stabilize communities and potentially provide an economically beneficial resource.  The lionfish in particular, is of importance to conservationists, marine ecologists, and most importantly the communities which are adversely affected by its presence.  It is not only an ecological issue, but an economic and sociocultural one as well.  
The lionfish has attracted much attention in the past few years due to its invasive characteristics.  While there have been several publications of locations, growth in regional populations, and effects on ecology, there has been little research of effective management strategies for the present and in the future.  
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