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ABSTRACT: The successful invasion of the Indo-Pacific lionfish species, Pterois volitans, into the sub-tropical and tropical Western Atlantic has raised major concern about the potential ecological impacts of this invasive predator on native marine ecosystems. A considerable amount of research has been conducted on the impact of this invasion within Bahamian coral reef ecosystems, however, there appears to be a clear need for further investigation into lionfish impacts on critical non-reef habitat, such as mangroves, that provide shelter and protection for important herbivorous coral reef species as juveniles during their maturation. Juvenile specimens of the Rainbow Parrotfish, Scarus Guacamaia, will be used in order to conduct controlled laboratory experimentation on the predation of P. volitans among three distinct levels of structural habitat complexity, including one consistent with the complexity found in their natural habitat. This research will allow us to quantify the ability of natural mangrove prop-root system conditions in protecting juvenile S. guacamaia populations from predation by P. volitans in the wild. 
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Introduction

“How has predation by the invasive lionfish, Pterois volitans, within Bahamian mangrove ecosystems impacted the juvenile  populations of the Rainbow Parrotfish, Scarus guacamaia,successfully being recruited to adjacent coral reef ecosystems as adults?” 

Mangroves represent vital habitat for juvenile fish communities by providing shelter to protect these fish from predation during their vulnerable maturation period (Layman, 2002). The prop-root systems found in mangrove habitat provide necessary protection to juvenile fish by acting as both a physical and visual barrier from predators. The high structural complexity of mangrove habitat inhibits the ability of predators to find and capture their prey in this environment, thus increasing the chances of survival for juvenile fish communities using these habitats (Rooker et al., 1998). Recently, however, the delicate balance of these vital mangrove ecosystems has been threatened by the invasion of the Indo-Pacific Lionfish, Pterois volitans, not only into the Bahamas but throughout the Atlantic and Caribbean (Schofield, 2009). 

Lionfish are highly effective predators and are voracious eaters that consume a wide-range of prey. To exacerbate the problem, there are virtually no natural predators of lionfish in this region and because of the fact that P. volitans is an invasive species, there appears to be some degree of predator naiveté among native prey species, meaning they do not inherently recognize or acknowledge the lionfish as a predator. Research suggests that the invasive lionfish populations are accumulating at greater densities with larger body sizes and total body mass on Bahamian coral reefs in comparison with the Pterois miles populations examined in their native Kenyan coral reefs (Darling, 2011). 

Much of the existing research available about the invasion has been concentrated on the origins (Freshwater, 2009), as well as the temporal and spatial extent of the invasion (Johnston, 2011). Research has also
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been conducted on the overall biology and ecology of P. volitans (Morris, 2009), the impact of lionfish predation on coral reef ecosystems (Albins, 2008, 2011), as well as potential management actions that could be initiated to regulate the invasion (Barbour, 2011). There appears to be a significant gap in knowledge about the invasion in regards to the impact of this invasion on critical non-reef habitat, such as mangrove ecosystems. It is important to investigate the impact of this invasion, either through predation or competition, on critical non-reef habitat because these habitats are closely interconnected with coral reefs and have a significant impact on coral reef fish biomass, as well as community structure (Barbour, 2010). There appears to be a clear need for further research into the impact of lionfish on foraging fish communities. The foraging behavior of herbivorous fish species provides a vital ecosystem service by regulating the algae levels on coral reefs (Schofield, 2009). Mangrove habitat provides shelter and protection from predation for many herbivorous fish species during the juvenile stage until they migrate from these habitats to adjacent coral reefs as adults (Layman, 2002). The presence of these herbivorous fish on coral reefs is important because the absence of these key species have been shown to significantly reduce the ability of coral reef systems to defend themselves against the overgrowth of algae (Mumby, 2004).

I intend to assess the impact of the invasion of predation by the lionfish species, Pterois volitans, on juvenile foraging fish communities that inhabit Bahamian mangrove habitat. Scarus guacamaia will be designated as the experimental prey species because it is considered to be the largest herbivorous foraging fish species in the Atlantic and has been shown to have a functional dependency on mangrove ecosystems during its juvenile stage. S. guacamaia is an IUCN Red List threatened species, making it especially vulnerable to any additional predation pressure imposed by the invasive lionfish populations. Mumby (2004) estimated that the loss of a single adult specimen of S. guacamaia would constitute as much as a 10% reduction in total Rainbow Parrotfish biomass within its territory. I plan to investigate the effectiveness of mangrove prop root systems in protecting juvenile S. guacamaia populations from predation by P. volitans.
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Research Objectives


The purpose of this research study is to examine the effectiveness of the natural structural complexity found within mangrove habitat in defending juvenile populations of the Rainbow Parrotfish, S. guacamaia, from predation by the invasive lionfish, Pterois volitans. The overall goal of this research is to determine the level of threat that predation by the invasive lionfish, Pterois volitans, is posing to Bahamian herbivorous fish populations known to utilize mangrove prop-root system habitats as juveniles. This research will address the lack of knowledge present about the impacts of this invasion on critical non-reef habitat like mangroves. This research will reveal whether or not predation by the non-native P. volitans in Bahamian mangrove habitat could significantly be reducing the amount of S. guacamaia adults successfully being recruited to adjacent coral reef ecosystems to which their foraging habits are vital in controlling reef algae levels.
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Methods


One hundred juvenile specimens (standard length ≈ 78.8 mm) of Scarus guacamaia will be collected, also known as the Rainbow Parrotfish, within the mangrove habitat on Andros, Island of the Bahamas (Randall, 1963). Collections will take place during low-tide and be sampled using trap nets (8 x 2m, 1 mm mesh size) set at the mouths of small tidal creeks to catch fauna being swept out with the receding tide as the mangrove forest is drained. (Laegdsgaard, 1995) Water temperature, salinity, and oxygen levels will be measured upon each trap collection for laboratory reference after obtaining IACUC approval as well as permission from the Bahamas.


After a 1-week acclimation period for the S. guacamaia specimens, a separate collection will be conducted of the invasive lionfish species, Pterois volitans.  Thirteen adult (11 to 15 inches) specimens of P. volitans will be collected using hand-nets to reduce the risk of envenomation, from various coral reef sites also found on Andros, Island in the Bahamas (Morris et al., 2009) (NOAA, 2011).. Both P. volitans and S. guacamaia specimens will be transported to the testing facility in water obtained on site during specimen collection and temperature will be monitored to ensure specimen well-being throughout transportation. 

Experimental Protocol


Experimental and holding tank conditions will be maintained as closely as possible to the native environment based on field measurements taken during collection. All fish will be acclimated to experimental tank conditions for a minimum of 48 hours on arrival. The S. guacamaia specimens will be fed Hikari® algae wafers daily until enough algae accumulates in the tanks in order to sustain them (Verweij et al., 2006). P. volitans specimens will be starved prior to the experiment for a minimum of 48 hours in order to catalyze feeding behavior (Fishelson, 1997).
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Three (3) separate trials consisting of three-hour periods will be conducted for each of the four different tank environments. The tank environments represent three relative scales of habitat complexity: open water/no complexity, medium complexity, and high complexity. A fourth tank will be used to set up a control for the experiment, consisting of an additional open water environment in which no P. volitans will be exposed to the S. guacamaia population. Mangrove habitat complexity will be simulated by hanging PVC tubing (diameter 1.5 cm, length 40 cm) just above the tanks to mimic aerial mangrove prop-root systems found in the natural environment. The highest complexity tank environment will have a density 64 m-2 because previous research has correlated this level of structural habitat complexity with the highest abundances of fish being found in these environments (Verweij, 2006). Using this as our standard, the medium complexity tank will have a density equivalent to half of that found in the high complexity environment, 32 m-2. The open water tanks in both the control and experimental environments will have no PVC tubing or additional structural complexity.


In each tank there will be 10 S. guacamaia specimens exposed to 1 P. volitans per trial, with the exception of the control experiment which will monitor 10 S. guacamaia without the presence of P. volitans in an additional open water tank. Introduction of the P. volitans into each sub-environment will occur at exactly 9:30 AM each morning based on research that P. volitans are diurnal feeders with the highest predation activity occurring between 8:00 AM and 11:00 AM (Schofield, 2009). Tanks will be cleaned between each trial and the water will be replaced using a filtration system. 

Data Collection and  Analysis:


Three observers will record the number of S. guacamaia remaining after each trial as well as the number of physical attacks initiated by the P. volitans for each trial. This data will allow for a comparison between the energy exerted by the P. volitans per feeding trial and the actual amount of S. guacamaia killed and/or eaten.

The data gathered will be analyzed using a 1-way Analysis of Variance (ANOVA) test, using a p-value significance of < 0.05 (or equal to). For example, “0.09” would not be significant, while “0.0001” would be considered highly significant.
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Factor -  Habitat Complexity


Level(s): Open Water, Medium complexity, High complexity

Experimental control: Open Water tank – 10 juvenile S. guacamaia with NO P. Volitans

Response variables: 

Number (#) of S. guacamaia fish eaten per 3 hour trial

Number (#) of attacks by Pterois Volitans on juvenile S. guacamaia per 3 hr. trial

Tukey's multi-comparison post-hoc test will also be applied to further determine the significance of the results.
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Broader Implications

Throughout the preliminary research process a clear need for further investigation into the impacts of the invasion of the Indo-Pacific lionfish, Pterois volitans, on Bahamian mangrove ecosystems became apparent in order to assess the level of predation pressure the invasive predator is imposing on important foraging fish species known to utilize these habitats during their vulnerable juvenile stage. This is an important research endeavor because the aforementioned characteristics unique to the invasive P. volitans give it the potential to be one of the most ecologically devastating species invasions in modern history. The more research conducted on the dynamics and unique characteristics of this species invasion, the better our scientific understanding will be for initiating the appropriate response measures.
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Time table and Project Management


The nature of this proposed research suggests that the endeavor is feasible within a relatively short period of time. The biggest time constraints involved in the implementation of this research would be obtaining IACUC approval as well as permission from the Bahamas territory at the onset of the research. Once permission is granted, the experiment can move forward beginning with the collection of the juvenile Scarus guacamaia specimens using trap-nets. 


Due to the relatively small quantity of S. guacamaia specimens required for the experiment, the goal number should be achieved within a small number of trapping attempts. After a one-week acclimation period for the collected juvenile S. guacamaia specimens, a separate collection of adult Pterois volitans specimens will be conducted using hand-nets. Once the collected lionfish specimens arrive at the laboratory testing site, they will be acclimated to experimental tank conditions for a period of about 48 hours, during which time they will be deprived (starved) of food until the experiment is underway. 

Four experimental tanks representing various levels of habitat complexity will be used to conduct three different feeding trials per tank, for a total of 12 individual experiments. Each feeding trial will last for exactly three hours and so we can conclude that no more than 36 hours of actual laboratory experimentation and data collection will be necessary to conclude the experimental phase of the research. At this point, data can then be statistically analyzed for significance comparisons among the different habitats. 
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