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Abstract 

Invasive Indo-Pacific lionfishes (Pterois volitans and P. miles) threaten Caribbean coral 

reefs, yet there has been little examination of possible economic effects of this invasion. 

In this thesis I explore interactions between lionfish and Caribbean spiny lobsters 

(Panulirus argus) in natural reef environments and in Bahamian ‘condo’ fishing gear. In 

both settings I found circumstantial evidence for competition for space between the two 

species but it is unclear who is displacing whom. Deterministic economic modeling 

revealed a modest cost to lobster fishers who take time to kill lionfish or work more 

slowly to avoid their venomous spines. However, this cost exacerbated the negative 

effects of variation in other components of the fishery, such as lobster price, time taken 

to gather lobsters, and amount harvested at each condo. This study provides the first 

attempt to quantify some of the economic impacts of invasive lionfish. 

Keywords:  lionfish; species invasion; economic modeling; casitas; Caribbean spiny 
lobster; spatial competition 
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Chapter 1.  
 
General Introduction 

Human activities now affect the globe with unprecedented reach and scope. Although 

particular stressors and the intensity of their impacts are region-specific, no marine 

ecosystem on the planet escapes human influence (Halpern et al. 2008). Estimates 

suggest that marine systems are simultaneously affected by no fewer than nine distinct 

threats and, in some cases, many more (Halpern et al. 2007), acting in concert to 

detrimental effect (Crain et al. 2008). The proliferation of invasive species is among 

those threats that generate serious concern for the integrity and health of marine 

communities (Ruiz et al. 1997, Grosholz 2002). 

Although there is a wide variety of terminology used to describe species 

invasions (see Colautti and MacIsaac 2004, Valéry et al. 2008), the one commonality in 

all definitions is the movement of species from one area to another, whether through 

relocation or gradual range shifts. Indeed, it can be argued that historical species 

movements played a role in speciation, leading to the biodiversity of species observed 

today (Briggs 2010). However, it is the speed and scale of anthropogenically mediated 

introductions that bring unpredictable consequences. Introduced species spread much 

more rapidly than those whose ranges are gradually expanding (Sorte et al. 2010) and 

their spread is facilitated by vectors such as long-distance shipping and international 

trade for aquaculture and the aquarium industry (Ruiz et al. 1997, Bax et al. 2003, 

Semmens et al. 2004, Hulme 2009). To date, more than 80% of the world’s marine 

ecoregions have documented invasive species (Molnar et al. 2008). Both the direct and 

indirect effects of invasive species can bring a myriad of consequences, from altered 

energy cycling and food web links to niche displacement and even species extinctions 

(Mooney and Cleland 2001, Bax et al. 2003, Clavero and García-Berthou 2005). 



 

2 

In many instances, ecosystem changes can have negative economic 

repercussions. Most vulnerable are societies and economic systems that rely heavily on 

the continued use of marine resources. Tourism and fisheries may be harmed as 

invaders compete with, displace, or consume native species of economic importance or 

those on whom species of economic importance depend (Bax et al. 2003, Knowler 2005, 

Morris and Akins 2009). Invasive microorganisms can contaminate seafood, making 

consumption by humans unsafe, and abundant invading species might increase the 

effort needed to harvest native target species, further impacting fishing livelihoods (Bax 

et al. 2003, Knowler 2005, Pejchar and Mooney 2009). Since economic and logistic 

constraints generally prevent the complete eradication of invasive species, managers 

are faced with the costs of population control and damage mitigation once invaders are 

established. In the United States alone, it is estimated that the annual cost of control 

efforts, clean-up, and foregone environmental services is close to USD $120 billion 

(Pimentel et al. 2005). 

Although ballast water receives a great deal of attention as a vector for aquatic 

invasive species introductions, roughly one third of the most problematic introductions 

have resulted from the lucrative global aquarium trade (Padilla and Williams 2004). The 

economically important trade in marine species has proven exceedingly difficult to 

regulate and manage in a way that minimizes the probability of introductions (Weigle et 

al. 2005, Rhyne et al. 2012). Propagule pressure, i.e., the number of individuals 

introduced combined with the overall number of introduction events, in addition to life-

history traits and tolerance to various environmental factors are key determinants of the 

establishment of invasive species (Kolar 2004, Gertzen et al. 2008). The prevalence of a 

fish at aquarium stores can be directly linked to its probability of introduction (Duggan et 

al. 2006), although less popular species also become successful invaders (Rhyne et al. 

2012). These anomalous cases are likely explained by the disproportionate releases of 

large or aggressive individuals that may simply outgrow their tanks or display 

antagonistic behaviour toward their co-habitants. In the absence of invasive species 

education programs or avenues to return unwanted individuals, propagule pressure of 

such species in novel habitats is likely to remain high (Duggan et al. 2006). 

The Indo-Pacific lionfishes, Pterois volitans and P. miles (which are 

morphologically similar, but genetically distinct (Schultz 1986, Morris et al. 2011b) and 
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hereafter referred to collectively as lionfish) are popular specimens in the aquarium 

trade. These species are now established throughout the Caribbean region and tropical 

western Atlantic (Schofield 2009), an invasion which has been identified as one of the 

world’s most pressing conservation issues (Sutherland et al. 2010). In treating an 

amateur aquarist after an unfortunate encounter with one of the lionfish’s venomous 

spines, Patel and Wells (1993) advised their patient to “abandon the lionfish, and he 

prudently did so.” Propagule pressure from a sufficient number of intentional or 

accidental releases, like the one recommended in the above quotation, makes the 

aquarium trade the most likely pathway of lionfish introduction (Semmens et al. 2004, 

Freshwater et al. 2009). Lionfish mature early and reproduce year-round, giving them 

the capacity for rapid and widespread dispersal (Morris 2009, Ahrenholz and Morris 

2010). Despite evidence of sporadic cannibalism (Valdez-Moreno et al. 2012, Côté et al. 

in press), consumption by native groupers (Maljkovi! et al. 2008), and anecdotal 

accounts of predation by cormorants and various species of eel, there are no known 

consistent lionfish predators in their invaded range. Without strong checks on population 

numbers, lionfish densities have climbed to levels far greater than those in their native 

range (Green and Côté 2009, Kulbicki et al. 2012), with deleterious effects to native 

ecology. On an experimental network of patch reefs, recruitment of native fishes has 

been reduced by up to 80% (Albins and Hixon 2008), with an observed loss of almost 

five species per reef (Albins 2012). Biomass of prey species also declined by 65% in just 

two years on natural reefs (Green et al. 2012). As local ecosystems are altered by the 

presence of this invader, there is potential for serious ecological, as well as economic 

disruption. Although many authors have suggested the likelihood of economic 

implications, to date there has been no formal attempt to quantify the financial impacts of 

any aspect of the lionfish invasion. 

This thesis begins to tackle this knowledge gap by exploring the interaction 

between lionfish and the Caribbean spiny lobster (Panulirus argus) and examining the 

potential for repercussions of the lionfish invasion on the Bahamian commercial lobster 

fishery. In Chapter 2 I evaluate the degree to which lobsters and lionfish compete for 

shelter. Characteristics of specific holes and crevices sheltering lionfish in a natural reef 

system are compared to those harbouring lobsters to examine trends in occupancy 

when suitable habitat is readily available. To determine if lobster occupancy of fishing 
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gear is affected by the presence of lionfish, I also surveyed lobster and lionfish numbers 

in fishing condos, the preferred Bahamian lobster fishing method. In Chapter 3, I use a 

combination of local ecological knowledge (LEK) and fisheries statistics to reconstruct 

trends in the lobster fishery of the Abaco island group to seek evidence of an impact of 

lionfish and explore fishers’ perceptions about threats to their industry. Economic 

modeling is used to estimate the cost to individual fishers of increased catch handling 

time caused by lionfish in different scenarios of lionfish prevalence and fisher attitude 

towards the fish (i.e., let live or kill). As the first study to explicitly estimate economic 

impacts, this research will have immediate relevance for regional managers attempting 

to understand the costs and benefits of various lionfish control strategies. The 

information gleaned from local fishers will also be of great importance to the lobster 

industry of the Bahamas as stakeholders attempt to build a more accountable and 

sustainable fishing sector. 
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Chapter 2.  
 
Lionfish and Lobster: Coexistence and Conflict in 
Natural and Artificial Habitats 

Introduction 

The spread and establishment of invasive species is one anthropogenically-mediated 

stressor that transcends regional boundaries. The worldwide transport of people and 

goods, as human economies and social systems become more globalized, has resulted 

in severe local impacts in highly affected areas. In marine ecosystems, the vectors for 

species introductions are numerous, and include ballast water from long-distance 

shipping and relocation of non-native species for aquaculture and the aquarium trade 

(Ruiz et al. 1997, Bax et al. 2003, Semmens et al. 2004). More than 80% of marine 

ecosystems have documented invasions (Molnar et al. 2008), highlighting the pervasive 

nature of this phenomenon. Invasive species can have profound and wide-reaching 

ecological consequences through their direct (e.g., predatory, competitive) interactions 

with native species and the cascading effects of these interactions on the invaded 

ecosystems (Mooney and Cleland 2001, Grosholz 2002, Clavero and García-Berthou 

2005). Invasion-driven ecological changes often have economic repercussions when 

invaders consume or alter the niche of species of economic importance, with severe 

implications for fisheries (Knowler 2005), nature-dependent social and economic 

systems (Nunes and Markandya 2008), and even tourism (Bax et al. 2003). Pimentel et 

al. (2005) estimated that invasive species cost the United States USD $120 billion per 

year in ecological damage, foregone ecosystem services, and clean-up and removal 

efforts. 

One recent and particularly swift invasion, with great potential for economic 

consequences, is that by the Indo-Pacific lionfishes, Pterois volitans and P. miles. 
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Lionfish were first recorded in Florida waters in 1985 (Morris and Akins 2009), where 

they were most likely introduced via the aquarium trade (Semmens et al. 2004, 

Freshwater et al. 2009), and are now established throughout the tropical western Atlantic 

and Caribbean Sea (Schofield 2009). The lionfish invasion ranked in 2010 as one of the 

world’s top 15 conservation issues (Sutherland et al. 2010), and this concern appears to 

be warranted. Lionfish are generalist predators, which prey on a wide variety of fishes, 

small crustaceans and molluscs (Morris and Akins 2009, Muñoz et al. 2011, Layman and 

Allgeier 2012). They have been shown to reduce native fish recruitment by ~ 80% on 

small experimental reefs (Albins and Hixon 2008), and prey fish biomass by 65% on 

natural Bahamian reefs in just two years (Green et al. 2012).  Lionfish have colonized 

not only coral reefs, but also architecturally simpler habitats such as mangroves, 

seagrass beds, and estuaries (Barbour et al. 2010, Jud et al. 2011, Claydon et al. 2012), 

where they are often associated with human-made structures (Smith 2010, Jud et al. 

2011). 

The predatory effects of lionfish have been the focus of most research to date. 

Further, lionfish act in concert with native predators to alter reef fish diversity, richness, 

and community structure (Albins 2012). However, they may also compete with grouper 

(Mumby et al. 2011) and other native species. One such species is the Caribbean spiny 

lobster (Panulirus argus), which is an important natural resource, both economically and 

culturally, throughout the Caribbean. For example, in 2011 the Bahamas exported USD 

$69.4 million worth of lobster products, representing 91% of the total value of marine 

resource exports for this island state (Bahamas Department of Marine Resources 

2011a). Spiny lobsters, like lionfish, make extensive use of shelters, both natural and 

artificial, in a variety of habitats (Smith and Herrnkind 1992, Eggleston and Dahlgren 

2001). In fact, lobster fishers throughout the Caribbean exploit the propensity of lobsters 

to hide in shelters by providing hollow structures (known as ‘condos’ in the Bahamas, 

and ‘casitas’ elsewhere) that act as lobster aggregating devices in areas where natural 

shelter is limited (Sosa-Cordero et al. 1998). There is evidence that Caribbean reef 

octopus (Octopus briareus) (Berger and Butler 2001), queen triggerfish (Balistes vetula) 

(Lozano-Álvarez and Briones-Fourzán 2001), and Nassau grouper (Epinephelus 

striatus) (Eggleston et al. 1997) affect the pattern and density of lobster sheltering under 

fishing gear, either through predatory or competitive interactions. While lionfish also 
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inhabit small shelters (Smith 2010), the potential for spatial competition between lionfish 

and lobster has not yet been explored. 

The goal of this study was to evaluate the scope for shelter competition between 

lionfish and lobsters in structurally variable habitats. More specifically, my questions 

were two-fold: (1) Do lionfish and lobsters on natural coral reefs occupy shelters with 

similar characteristics when habitat is architecturally complex and shelters are readily 

available?, and (2) Is there evidence for lionfish-lobster interactions in condo fishing 

gear, which provides relief in structurally simple areas where natural shelters are 

scarce? Exploring the relationship between lionfish and the economically important spiny 

lobster not only furthers our understanding of how this invasive predator interacts with 

non-prey species, but also provides insight into the possible role of condos as lionfish 

habitat in areas lacking natural structure. The latter will be important to managers 

considering lionfish control strategies. 

Methods 

Natural reef study sites 

To examine potential overlap in habitat use between lionfish and lobsters on natural 

reefs, SCUBA surveys were conducted off the southwest coast of New Providence 

Island, Bahamas. Between March and May 2011, I repeatedly surveyed 23 coral reef 

sites (1-12 dives per site).  These sites are visited frequently by a commercial diving 

operator and are marked with mooring buoys. The buoys are relatively close to one 

another, allowing access to almost the entirety of the ~18 km stretch of reef (Fig. 2.1a). 

This continuous coral reef system provides a variety of habitats, from small reef patches 

in shallow, sandy areas near shore to a coral-rich reef crest ~2-10 km from shore, and a 

steeply sloped, continuous reef wall bordering the Tongue of the Ocean trench. The 

depth of the sites varied between approximately 4 and 20 m. 
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(a)  (b)  

Figure 2.1 Location of (a) approximate lionfish/lobster survey area on a 
continuous coral reef system off New Providence Island, Bahamas 
and (b) approximate fishing areas of condos surveyed surrounding 
the Abaco island group, Bahamas. 

 

Shelter surveys on natural reefs 

A pair of divers conducted roving searches at each dive site to locate sheltering lionfish 

or lobsters. Searches began in a haphazard direction from the mooring buoy and lasted 

until an animal was found, or up to 20 min, after which the search was abandoned and 

divers moved to a different site. Divers swam 0.2-1 m above the substrate, carefully 

checking under every overhang and into every cave, hole, and crevice. Free-swimming 

lionfish, walking lobsters, and otherwise mobile individuals from either species were not 

considered. Once a sheltering animal was found, its location was marked with a piece of 

flagging tape to ensure that this shelter was not re-measured on subsequent searches. 

Pieces of tape were removed at the end of the study. If animals occupied different 

depths or different holes in the same coral head or crevice (i.e., a larger structure), these 

were taken to be separate shelters within that structure. 
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 I characterized each sheltering location by measuring depth, height above the 

substrate, and substrate complexity. The depth where the structure forming the shelter 

connected to the substrate was obtained with a dive computer to the nearest 10 cm. 

Height of the shelter-forming structure (cm) was recorded as the length of the 

perpendicular extension of the coral head from the substrate (Fig. 2.2a), using a 1 m 

length of measuring tape. When the shelter protruded from the vertical face of a wall, I 

measured height perpendicular to the face of the wall (Fig. 2.2b). 

 

(a)  (b)  

Figure 2.2 Photographs illustrating how the height of sheltering structure was 
measured (a) at reef flats and (b) when protruding from a wall. 

 

I assessed substrate complexity by means of two rugosity measurements, taken 

parallel to the reef crest – one along the top of the shelter-forming structure and one 

along the bottom of the substrate. A 5 m chain with 1.3 cm links was centred on the 

location of the animal and then carefully draped along the substrate, allowing it to 

conform to surface irregularities. The straight-line distance between the two ends of the 

chain was then noted, and rugosity calculated as the ratio of the actual length of the 

chain to the straight-line distance between the ends of the conformed chain. Larger 

values therefore represent more rugose substrates. 
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Fishing ‘condo’ study sites 

To explore the use of fishing gear as shelter by lionfish and lobsters, I focused on the 

most intensive fishing sector in the Bahamas, that of the lobster ‘condo’ fishery 

(Delleveaux and Higgs 1996). At the last fishery census in 1995, Bahamian fishers had 

deployed over 650,000 of these artificial structures in hard-bottom areas and sand-

seagrass habitats throughout the archipelago (Delleveaux and Higgs 1996). 

Condos are generally rectangular lengths of sheet metal raised some 15 cm off 

the substrate by wooden runners fixed to their lengthwise edges (Fig. 2.3). Lobsters and, 

incidentally, other fish can take shelter under these structures. Occasionally, condos are 

weighted down with cinder blocks that can also serve as shelter for smaller lobsters, fish, 

and invertebrates. This type of fishing gear is intentionally placed in structurally simple 

habitats such as shallow sand and seagrass beds – areas where coral and other natural 

shelters are limited. 

From May to July, 2011, I visited, with the help of fishers in the Abaco island 

group, 83 condos in four distinct areas (Fig. 2.1b). To respect confidentiality, the exact 

locations of the gear cannot be revealed. Abaco is one of the Bahamas’ main lobster 

fishing islands and the third-largest exporter of lobster and other marine resource 

species (Bahamas Department of Marine Resources 2009b). 

Condo surveys 

The Bahamian lobster fishery is closed annually from 1 April to 31 July for the lobster 

mating season. Because surveys were undertaken during this period, condos were not 

visited while fishers were fishing. Instead, during the closed season many fishers move 

their gear to avoid poachers (Chapter 3) and it was on these gear-relocation trips that 

data were collected. Condos had last been harvested, at minimum, 54-94 days prior to 

sampling. As the fishers lifted the condos and swam off with them, I recorded the 

number of lionfish and the number of lobsters that had been sheltering under and at the 

openings of the structures. Some condos were left in situ and were visited by fishers 

only for maintenance and to check that they were still present.  In such instances, one 

end was raised to enable a count of the animals sheltered underneath (Fig. 2.3b). In all 

cases, I assessed number of lobsters and their size as a binary variable: legal-sized  
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(a)  

(b)  

(c)  

Figure 2.3. (a) A typical Bahamian lobster fishing condo, (b) surveying a condo for 
lionfish and lobster, and (c) a lionfish at the entrance of a typical 
condo. 
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(carapace length, CL > 7.8 cm) and under-sized (CL < 7.8 cm). The numbers of animals 

were usually low enough to allow accurate enumeration. In the few instances where 

there were a large number of lobsters, counts were checked with fishers’ estimates to 

verify accuracy. In all of these cases, the estimates varied little so I used my numbers. I 

also measured condo dimensions (length x width x height of metal sheet), to permit 

calculation of condo volume. All data were gathered using SCUBA or on breath-hold 

diving. 

Data analysis 

Natural reef surveys 

The data gathered from natural reefs were first explored using a pairwise assessment of 

collinearity with the AED package (Zuur 2010) in R, version 2.15.0 (R Development Core 

Team 2012). All Spearman non-parametric correlation coefficients among these 

variables (height of structure, depth, and rugosity at top and bottom) were less than 0.6 

and all variance inflation factor (VIF) values below 3, indicating that there was little 

confounding correlation (Zuur et al. 2009). 

 To compare the overall characteristics of lionfish and lobster shelters, I 

performed a permutational multivariate analysis of variance (PERMANOVA) using the 

‘adonis’ function in the R vegan package (Oksanen et al. 2012). The non-parametric 

PERMANOVA is similar to the parametric multivariate analysis of variance (MANOVA) 

but it uses distance-based measures to test the ratio of within-group to among-group 

variance (Anderson 2001). This method is robust to departures from the assumption of 

multivariate normality, a condition that is often overlooked in traditional MANOVA 

(Keselman et al. 1998). With PERMANOVA, each permutation of the raw data (in this 

case, 1000 permutations) yields a pseudo F-statistic, derived from the ratio of sum of 

squares of Bray-Curtis multivariate dissimilarity among groups versus within groups 

(Anderson 2001). The significance of F is obtained by dividing the number of 

permutations with an F-value above the F-value of the original data by the total number 

of permutations.  

I employed the ‘metaMDS’ function in the vegan package to visualize any 

multivariate differences in shelter characteristics between the two species with a non-
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metric multidimensional scaling (NMDS) plot. In an NMDS plot, the distance between 

two points, or samples, reflects the multivariate similarity between those points, with 

points that are close together being more similar to each other than to points that are 

further apart. NMDS plots have an associated ‘stress’ value, which measures how well 

the plot succeeds at representing real differences between samples in the specified 

number of dimensions. Plots with stress values of " 0.20 are considered to be adequate. 

If the multivariate indices described above indicate that there is overlap in shelter 

characteristics, then it is possible that any patterns of occupancy may be partially 

explained by competition-induced segregation. 

To identify which specific habitat characteristics best explain the presence of 

lionfish or lobsters, I constructed a generalised linear mixed model (GLMM) using the 

‘lmer’ function in the lme4 R package (Bates et al. 2011). The GLMM approach allows a 

flexible analysis of data with a binomial response (shelters with lionfish versus those with 

lobster) and the incorporation of random sources of variation due to potential 

relatedness of multiple observations at the same site (Bolker et al. 2009, Zuur et al. 

2009). I modeled the binary response of a sheltering hole or crevice being occupied by 

either a lionfish (presence = 1) or a lobster (presence = 0) as a function of height of 

shelter structure, depth at the base of structure, and its rugosity at the top and bottom 

(fixed effects), and included the influence of dive site as a random effect. I sequentially 

dropped non-significant parameters and refit the model until all remaining variables were 

significant. 

 Lastly, to examine evidence for displacement when lionfish and lobsters co-occur 

at the same site, I compared mean shelter height (the only significant predictor variable 

of lionfish vs. lobster presence – see Results) for lionfish between sites where only 

lionfish were present (i.e., shelters only housed lionfish; lobsters absent) and sites where 

both species were found. Similarly, I compared mean shelter height for lobsters between 

sites where lobsters were present with and without lionfish. Finally, I examined 

interspecific differences in shelter height at sites where both species co-occurred and 

between sites with only one species. If shelter height differs at sites where both species 

are present, yet is similar at sites where just one species was found, then competition for 

space is one possible explanation for this pattern. To evaluate this I used unpaired t-
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tests, with the Benjamini and Hochberg false discovery rate (FDR) correction for multiple 

comparisons. 

 

Condo surveys 

To test potential lobster-lionfish competition in condos I used GLMMs to model the effect 

of lionfish numbers in and around the fishing gear on three different lobster response 

variables. I examined the influence of lionfish on (1) total number of lobsters, (2) the 

number of legal-sized lobsters, and (3) the number of under-sized lobsters. If 

competition is occurring under these fishing structures then I would expect to see a 

negative relationship between lionfish presence and the lobster response variables and 

also a pattern of single-species occupancy. The two size-specific responses were 

considered because larger lobsters can be more effective at deterring perceived 

predators than smaller lobsters (Lavalli and Herrnkind 2009), hence the response of 

lobsters to a novel shelter competitor could vary with lobster size. All models employed a 

Poisson distribution of errors and also included condo volume as a fixed effect and 

fishing area as a random effect. Regression coefficients were back-transformed to obtain 

rate ratios for each parameter of interest, the predicted change in lobster abundance 

given a unit change in each parameter (i.e., an additional lionfish or additional m3 of 

condo volume). Ninety-five percent confidence intervals were calculated for each back-

transformed estimate. Additionally, because of the possibility that the volume of the 

condo mediates the effect of a potential competitor, separate models were run that 

included a lionfish-volume interaction term. For better relative comparison of effects in 

these models the data were standardized by subtracting each variable’s mean and 

dividing by two times the standard deviation of that variable. 

Results 

Habitat overlap on natural reefs 

On the natural reefs of New Providence, I surveyed a total of 133 shelters. Of these, 86 

shelters contained a total of 125 lionfish, while 47 shelters housed a total of 59 lobsters. 
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The two species were found sheltering under the same structure on five occasions. 

However, in each case, the animals occupied different holes and depths within these 

structures such that the specific shelters were considered separate. Both species were 

found most often as solitary individuals but I found aggregations of up to five individuals 

sheltering in the same location (Fig. 2.4). Lionfish were observed at 20 of the 23 (87%) 

sites visited while lobsters were located at 19 of the sites (83%; Table S2.1). Lionfish 

and lobsters co-occurred at 16 of the 23 sites (70%). 
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Figure 2.4. Numbers of conspecifics at 86 lionfish shelters (dark bars) and 47 
lobster shelters (light bars) off the southwest coast of New 
Providence Island, Bahamas. 
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Overall, shelter characteristics differed significantly between lionfish and lobster 

(PERMANOVA pseudo-F = 3.77, p < 0.01). The NMDS plot shows that there is 

nevertheless substantial overlap in the multivariate characteristics of lobster-occupied 

and of lionfish-occupied shelters (Fig. 2.5; stress = 0.10). One specific characteristic 

appears to drive the multivariate difference between lionfish and lobsters. Shelters 

occupied by lionfish were almost 30 cm higher above the substrate, on average, than 

those occupied by lobsters, but other shelter characteristics were similar between the 

two species (Table 2.1). Indeed, shelter height was the only significant predictor of 

lionfish versus lobster occupancy (Fig. 2.6; GLMM coefficient = 0.0184 ± 0.005 SE, p < 

0.001). Higher shelters were significantly more likely to contain lionfish rather than 

lobsters while the contributions of depth, top rugosity, and bottom rugosity were not 

significant. 

 

Table 2.1. Mean characteristics of shelters occupied by lionfish (n = 86) or lobsters 
(n = 47) found off the southwest coast of New Providence Island, 
Bahamas. Standard deviations (SD) are also shown. 

  

Shelters occupied by 

Variable Lionfish 

 

Lobster 

Mean      SD Mean SD 

 

Shelter height (cm) 

 

131.4  

 

43.7 

 

103.8  

 

36.1 

 

Depth (m) 12.7 3.2 13.0 3.8 

 

Top rugosity 1.58  

 

0.3 1.51 0.3 

Bottom rugosity 1.29  0.2 1.28 0.2 
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Figure 2.5. Non-metric multidimensional scaling (NMDS) plot showing the 
multivariate characteristics of 86 lionfish shelters (circles) and 47 
lobster shelters (triangles), found on coral reefs off the southwest 
coast of New Providence Island, Bahamas. 
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Figure 2.6. Relationship between the likelihood of presence of lionfish in a shelter 
and height of the shelter above the substratum, at 23 sites off New 
Providence Island, Bahamas (N = 133 shelters).  The absence of 
lionfish (at y = 0) means the presence of lobster. The solid line 
represents the line of best fit of a GLMM, while the two dashed lines 
are 95% confidence bands, fitted using the standard error of the 
random intercept (random effect = site). 

 

The height of lionfish shelters was similar at dive sites with (n = 75 shelters) and 

without lobsters (n = 11 shelters) (two-sample t-test controlling for FDR, t84= 1.219, p = 

0.34; Fig. 2.7).  Similarly, the height of lobster shelters did not differ between dive sites 

with (n = 42 shelters) and without lionfish (n = 5 shelters) (t45 = 0.376, p = 0.71; Fig. 2.7).  

However, while there was an interspecific difference in shelter height at sites where the 

two species co-occurred (t115 = 3.402, p < 0.01; Fig. 2.7), this difference disappeared at 

sites where only one species was found (t14 = 1.321, p = 0.34; Fig. 2.7). 
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Figure 2.7. Height of shelters occupied by lionfish at sites where just lionfish were 
observed (LF only; n = 11) and sites where both lionfish and lobsters 
were observed (LF with LB; n = 75), as well as shelters occupied by 
lobsters at sites where just lobsters were observed (LB only; n = 5) 
and where both lobsters and lionfish were recorded (LB with LF; n = 
42). Solid dots denote the mean value of each group while tails show 
plus and minus one standard error. Differing letters indicate 
significant differences between groups. 

 

Overlap in fishing gear 

Overall, 83 fishing condos were visited, 11 of which contained a total of 18 lionfish. 

There were eight condos where lobsters were absent, yet three of these contained 

lionfish. Condos ranged in size from 0.19-0.63 m3. There were, on average, 17.9 (SD = 

17.4) lobsters per condo, of which 5.8 (SD = 7.5) were of legal size. 



 

20 

 Lionfish abundance exerted a significantly negative effect on all three lobster 

metrics. Total lobster abundance, the number of legal-sized lobsters, and the number of 

under-sized lobsters decreased by approximately half with the addition of one lionfish to 

a condo (Table 2.2). In contrast, a 1 m3 increase in condo volume (i.e., a near-doubling 

of the size of the largest condo in this study) was associated with 15 times more lobsters 

and 396 times more legal-sized lobsters (Table 2.2). However, an increase in condo 

volume translated to a modest decrease in the abundance of under-sized lobsters (Table 

2.2). 

Table 2.2. Response of three lobster indices to lionfish abundance at fishing 
condos (N = 83) around Abaco Island, Bahamas. Parameter 
estimates, unconditional standard errors (SE), P-values, back-
transformed estimates, and 95% confidence intervals (CI) of the 
back-transformed estimates from three GLMMs with Poisson error 
distributions. 

     

Parameter Estimate ± 
unconditional 

SE 

 

P-value Back-transformed 
estimate 

95% CI 

 

Total lobster abundance 

(Intercept) 1.96 ± 0.29 < 0.001 7.07 4.16-13.01 

Lionfish abundance -0.55 ± 0.08 < 0.001 0.58 0.49-0.67 

Condo volume 2.74 ± 0.71 < 0.001 15.56 3.85-62.88 

 

Legal-sized lobster abundance 

(Intercept) -0.19 ± 0.44 0.67 0.83 0.35-1.97 

Lionfish abundance -0.57 ± 0.13 < 0.001 0.56 0.44-0.73 

Condo volume 5.98 ± 0.96 < 0.001 396.39 60.70-2588.59 

 

Under-sized lobster abundance 

(Intercept) 3.80 ± 0.42 < 0.001 44.63 19.59-101.71 

Lionfish abundance -0.73 ± 0.12 < 0.001 0.48 0.38-0.61 

Condo volume -4.31 ± 1.12 < 0.001 0.013 0.0015-0.12 
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Table 2.3. Response of three lobster indices to lionfish abundance at fishing 
condos (N = 83) around Abaco Island, Bahamas. Standardized 
parameter estimates, unconditional standard errors (SE), and P-
values from three GLMMs with Poisson error distributions 
examining the effect of a condo volume-lionfish interaction. 

   

Parameter Estimate ± 
unconditional 

SE 

 

P-value 

 

Total lobster abundance 

(Intercept) 2.68 ± 0.07 < 0.001 

Lionfish abundance -1.05 ± 0.13 < 0.001 

Condo volume -0.16 ± 0.07 < 0.05 

Lionfish * volume 0.67 ± 0.08 < 0.001 

 

Legal-sized lobster abundance 

  

(Intercept) 1.68 ± 0.22 < 0.001 

Lionfish abundance -0.95 ± 0.20 < 0.001 

Condo volume 0.18 ± 0.13 0.18 

Lionfish * volume 

 

0.45 ± 0.13 < 0.001 

Under-sized lobster abundance   

(Intercept) 2.13 ± 0.20 < 0.001 

Lionfish abundance -0.98 ± 0.17 < 0.001 

Condo volume -0.40 ± 0.10 < 0.001 

Lionfish * volume 0.31 ± 0.20 0.11 

   

 

Modeling of the interaction between lionfish presence and condo volume only 

showed a significant effect on the response of total lobster numbers and that of legal-

sized lobsters (Table 2.3). To better understand the specific influence of this interaction, 

I used the model coefficients to create a function plot of the predicted lobster response 

along the range of condo volumes observed during the surveys. I plotted predicted  
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Figure 2.8. Function plot of response predicted by a GLMM with poisson 
distribution of errors in (a) total lobster abundance and (b) legal-
sized lobster abundance across the range of condo sizes observed 
when no lionfish are present (dotted line), one lionfish is present 
(dashed line) or when two lionfish are present (solid line). 

 

values when there were no lionfish present, one present, and two present (the range of 

observed lionfish abundance when there were lobsters at a condo). At high condo 
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volumes, with lionfish at highest abundance, predicted total lobster numbers were 

greater than when one or no lionfish were present (Fig. 2.8a). However, at lower condo 

volumes and high lionfish abundance, predicted total lobster abundance was low. 

Generally, when no lionfish were present, both total and legal-sized lobster numbers 

were predicted to decrease gradually as condo volume increased. With two lionfish 

present, lobster numbers increased as condo volume grew (Fig. 2.8). 

 

Discussion 

The potential competitive effects of invasive predators are more often overlooked than 

their direct consumption impacts. This has largely been the case so far for the effects of 

Indo-Pacific lionfish on native Caribbean fauna, although community-level impacts are 

now being seen in the form of altered species richness and diversity (Albins 2012), as 

well as possible lionfish competition with native groupers (Mumby et al. 2011). In this 

study, I examined the potential for competition between lionfish and Caribbean spiny 

lobster, a commercially important species. On natural Bahamian reefs, shelter height 

above the substrate was the only significant predictor of lionfish versus lobster 

occupancy, with lionfish shelters being ~30 cm higher than lobster shelters. This shelter 

height difference disappeared when comparing sites where the two species did not co-

occur, possibly implying competition and subsequent segregation when the species 

overlap. Around ‘condo’ fishing gear, which is placed in structurally simple areas to 

aggregate lobsters, condo volume was a strong predictor of total lobster and legal-sized 

lobster abundance but lionfish were associated with significantly lower lobster 

abundance. 

Habitat similarities on natural reefs 

Lionfish and lobster co-occurred at more than two-thirds of the study sites, suggesting a 

broad overlap in habitat use on natural reefs. At a smaller scale, the similarity of many 

characteristics of lionfish and lobster shelters, and the fact that interspecific differences 

in shelter height existed only when the species co-occurred, could be interpreted as 
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potential competition-induced segregation when the two species are in the same area. 

However, several lines of evidence suggest that shelter habitat was not limited on the 

study sites, and thus that competition, if it exists, is very weak. For example, at every 

site, there were many holes, crevices, and underhangs that were not occupied by either 

lobster or lionfish. Moreover, nearly 85% of lobster shelters encountered harboured just 

one or two individuals (Fig. 2.4). When shelter is scarce, migratory lobsters are known to 

virtually ‘overrun’ isolated patch reefs, filling every crevice and hole and aggressively 

defending shelter entrances (Herrnkind et al. 2001). Conversely, in a continuous habitat 

with many suitable shelters, lobsters shelter alone or with just one conspecific (Childress 

and Herrnkind 1997, Lozano-Álvarez et al. 2007). Habitat availability is therefore unlikely 

to have constrained shelter occupancy by either species at the study sites. More likely, 

the difference in shelter heights when lobsters and lionfish did not co-occur stems either 

from availability of shelters with different characteristics at lionfish-only and lobster-only 

sites or small sample sizes preventing the detection of differences between sites with 

just one of the species. 

Nevertheless, an abundance of available shelters does not necessarily imply a 

lack of competitive or antagonistic encounters between lobsters and lionfish. Lobsters 

guard their shelters by remaining at the entrance with antennae protruding, and by 

lashing or lunging at perceived predators and intruders (Herrnkind et al. 2001, Briones-

Fourzán et al. 2006). While individual lobsters may be displaced from shelters by large 

fish (Eggleston et al. 1997), lobsters in groups can aggressively deter predators and 

potential co-habitants (Herrnkind et al. 2001, Lozano-Álvarez and Briones-Fourzán 

2001, Briones-Fourzán et al. 2006). Over the course of this study, aggressive 

interactions between lionfish and lobsters were observed in which the lobsters seemed 

to be the antagonizing party. One particular coral head was the site of three physical 

confrontations between lionfish and lobsters, observed over successive visits. Although 

there seemed to be ample space under this structure, and many entrances, lobsters 

were seen to track lionfish from entrance to entrance, charging at them when they 

attempted to enter. On the last visit, three lionfish were present inside the structure but 

were occupying the upper recesses of the shelter, out of reach of the lobsters on the 

shelter floor. These observations suggest that lobster perceive lionfish as a shelter 

competitor. 
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In conflicts with lobsters over low-lying shelters, lionfish may have the option to 

occupy higher spaces within a shelter more easily than lobsters. Lionfish are able to alter 

the angle and orientation of their centre of buoyancy through a specially adapted set of 

muscles attached to the gas bladder (Hornstra et al. 2004). This allows individuals to 

orient themselves vertically while resting, enabling use of the upper portions of coral 

heads and other structures as shelter. Although lobsters can sometimes use the walls 

and ceiling of a den, this is more likely to occur when sharing space with a predator or 

den competitor (Lozano-Álvarez and Briones-Fourzán 2001), and all lobsters in this 

study were observed on the shelter floor. Ultimately, the observational results presented 

here make it difficult to ascertain whether competition between lobsters and lionfish is 

occurring in natural habitats, and if so, who is displacing whom. Further experimental 

work is needed to fully explore the potential role of lionfish as spatial competitors with 

lobsters in reef systems. 

Potential competition in condos 

My results are supportive of the hypothesis that lionfish may negatively impact lobster 

via competition. The presence of one lionfish at a condo was associated with 

substantially lower numbers of lobsters of all sizes. However, with an observational 

study such as this, it is impossible to rule out the possibility that this pattern is driven by 

a negative influence of lobster on lionfish. Condos act as effective lobster aggregating 

devices and, as explained above, larger numbers of lobsters are better able, as a group, 

to defend shelters from predators and competitors, especially in this fishing gear 

(Herrnkind et al. 2001, Lozano-Álvarez and Briones-Fourzán 2001, Briones-Fourzán et 

al. 2006). If lobsters were displacing lionfish, then one might have expected the apparent 

effect of lionfish (i.e., the parameter estimates in the current analysis) to be larger for 

larger lobsters, which are better able to deter predators (Lavalli and Herrnkind 2009) and 

may be more effective space competitors.  However, this was not the case – the 

presence of one additional lionfish was associated with a 48% decline in under-sized 

lobster number, and 56% in legal-sized lobsters and the confidence intervals of both 

these estimates overlapped (Table 2.2). Thus at this time, I cannot distinguish clearly 

between the alternative explanations of lionfish as the drivers of lobster numbers or vice-

versa. Experiments are needed to verify the direction of this interaction. 
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Not surprisingly, larger condos held more lobsters, particularly legal-sized 

lobsters, and the effect of a unit increase in condo volume was much larger than that of 

lionfish numbers, albeit these measures are on quite different scales. Eggleston and 

Lipcius (1992) suggested that large condos with low lobster abundance may negate any 

positive shelter effects because group defence is not as effective, allowing competitors 

and potential predators to enter. Therefore, although the modeled lobster-condo volume 

relationships imply dramatic increases in lobster abundance with condo volume 

increases, this is unlikely to translate into ecological reality, as lobsters may avoid large, 

empty condos. Indeed when modeling the interaction between lionfish numbers and 

condo volume, at large volumes lobster abundance was predicted to decrease, even 

with no lionfish present (Fig. 2.8). However, in a larger condo, there is also more space 

in which to segregate, rather than compete for space. Smaller condos with an 

abundance of lobsters afford less space for lionfish and increase the potential for 

persistent agonistic interactions that could drive away the fish. The function plots 

modeling the effect of an interaction between condo volume and number of lionfish 

demonstrated that lobster numbers were highest in the presence of multiple lionfish at 

large condo volumes, providing support for the idea that condo volume may be 

mitigating some of the competitive interactions between these two species. 

 The small sample of condos with lionfish present, and lack of repeated 

measures, mean that it is difficult to determine the order of occupancy and the degree to 

which competition may actually influence the distribution of lionfish and lobsters in areas 

where condo fishing gear is prevalent. Long-term experimental manipulation of condos 

and behavioural observations would clarify the dynamics of species occupancy in this 

widely used fishing gear. 

Implications 

This study provides possible circumstantial evidence for a competitive relationship 

between Caribbean spiny lobsters and invasive lionfish. Current models and speculation 

suggests that lionfish have the ability to substantially alter the ecology of their invaded 

range as they expand their reach and become increasingly abundant (Morris and 

Whitfield 2009, Albins and Hixon 2011, Morris et al. 2011a). Regardless of who is the 

antagonist in lionfish-lobster interactions, a future where lionfish are more prevalent 
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means that encounters with lobsters and other space competitors may become more 

common, with unknown consequences for shelter occupancy. On natural reefs shelter 

height is an important predictor of lionfish occupancy and lionfish are more likely to be 

found under taller structures. Given that targeted removal is one of the few strategies 

that can be implemented to maintain local lionfish populations at levels below which they 

can erode native fish biomass (Morris et al. 2011a), this information can help to direct 

the efforts of divers undertaking control efforts. 

 Furthermore, understanding the degree to which lionfish and lobsters do 

compete in condo fishing gear could have important implications for the management of 

lionfish and lobster populations. Fishing may alter the nature of the interaction between 

lobsters and lionfish. As fishers remove lobsters, preferentially from larger size classes, 

the smaller lobsters that remain may provide less resistance to lionfish attempting to 

take shelter under condos. Additionally, many fishers report that illegal and out-of-

season fishing has contributed to the removal of under-sized individuals. Fishers also 

perceive a general decrease in lobster catch per unit of effort (CPUE) over the span of 

their careers (Chapter 3), meaning that there are likely more partially filled and empty 

condos available as habitat for other species. Since condos are not removed seasonally, 

and fishers continue to sink large amounts of gear annually, the actual number of 

condos in the water is likely much higher now than the last estimate of 650,000 made in 

1995 (Delleveaux and Higgs 1996). It seems that, if lobster fishers continue to respond 

to decreases in CPUE by deploying more condos, then areas that are devoid of natural 

shelter-forming structure could be transformed from unsuitable habitats, through which 

transient lionfish pass in search of more appropriate shelter and prey resources, to 

source habitats with individuals taking residence in unoccupied or partially empty fishing 

structures. There are many examples where the establishment and spread of invasive 

species is facilitated by artificial constructions in structurally simple areas (Sheehy and 

Vik 2010) and Smith (2010) has already provided evidence that human-made structures 

can enable the colonization of otherwise-marginal habitats by lionfish. This may have not 

only ecological implications, but also economic repercussions if lionfish continue to 

shelter in fishing gear. Clearly the role of fishing condos as shelter for this invader merits 

further exploration as managers struggle to determine the appropriate scale and 

methodology of effective lionfish control strategies. 
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Chapter 3.  
 
The Financial Sting of a Venomous Fish: 
Economic Consequences of Lobster Fisher 
Behavioural Changes in the Presence of Invasive 
Lionfish 

Introduction 

Worldwide demand for seafood products is steadily increasing, causing rising socio-

economic reliance on fishing-related industries while putting strain on the ecological 

systems that support them (Pauly et al. 1998, Fabinyi 2012). In regions of growing 

affluence, such as mainland China and Hong Kong, the consumption of seafood can 

define status and the demand for high-price, ‘luxury’ species has put mounting pressure 

on many small-scale fisheries (Scales et al. 2006, Fabinyi et al. 2012). However, while 

fishing livelihoods may improve in the short term by responding to this demand, rapid 

value-driven fishery expansion can be ecologically and economically precarious. 

Steneck et al. (2011) give the example of the Maine fishing industry, dominated by 

American lobster (Homarus americanus), as a ‘gilded trap’ where a low-diversity fishery 

sector relies heavily on a single species of high value. The more lucrative the resource, 

the more enticing the industry becomes to individuals with little or different prior fishing 

experience, heightening the potential for deep social and ecological upheaval if stock 

status should suddenly change. The high value of the catch in such fisheries also 

creates incentive for poaching (Dirhamsyah 2012). For example, an estimated 25% of 

the world’s spiny and rock lobster catches may be illegal and unreported, making it one 

of the high-value species groups most affected by IUU (illegal, unreported, and 

unregulated) catch (Agnew et al. 2009). In many nations, the mechanisms to adequately 

govern fishery resources are weak or non-existent (Hanna 1999), creating a climate 
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where IUU catch represents a significant threat to the sustainability of this resource 

sector (Agnew et al. 2009, Dirhamsyah 2012). 

The Bahamas Caribbean spiny lobster (Panulirus argus) fishery serves as a 

potential example of a gilded trap that may be particularly vulnerable to ecological and 

economic fluctuations. In 2010 the Bahamas surpassed Australia as the nation with the 

highest landings of spiny and rock lobsters (FAO Fisheries and Aquaculture Department 

2011), with lobsters accounting for 85% of the 2011 landed value of seafood products in 

the Bahamas (Bahamas Department of Marine Resources 2011b). However, to date, the 

scale and intensity of management are not in accordance with the importance of lobster 

catches for the Bahamian economy, leaving a gap between what is known of lobster 

stocks and the fishers who fish them, and how the industry is managed. For example, 

although the Bahamas Department of Marine Resources (DMR) keeps track of landings 

and exports, there is no comprehensive estimate of fishing effort or changes in catch per 

unit of effort (CPUE) over time. Since the 1980s, the use of condominiums (condos or 

casitas) as lobster aggregating devices has become ubiquitous in this fishery 

(Delleveaux and Higgs 1996, Buchan 2000), yet a regulatory framework for the 

ownership and management of these structures is lacking. Because of the high value of 

lobster and the difficulties inherent with enforcing management regulations across an 

island nation, the potential for IUU catch in the Bahamian lobster fishery is likely quite 

high, contributing a great deal of uncertainty to any attempt to estimate overall fishing 

effort. 

One disturbance, which could also have a serious impact on Caribbean spiny 

lobster fisheries, is the invasion of regional waters by Indo-Pacific lionfishes (Pterois 

volitans and P. miles). Lionfish were first recorded in the Bahamas in 2004 (Morris and 

Akins 2009). Since then they have spread throughout the Bahamian archipelago and the 

entire Caribbean region (Schofield 2009) and are observed in densities that far surpass 

those in their native range (Green and Côté 2009, Kulbicki et al. 2012). These predatory 

invaders are often associated with human-made structures, especially in areas with little 

natural shelter (Smith 2010, Jud et al. 2011). They are increasingly seen in and around 

lobster condos in the Bahamas (Chapter 2) and their dorsal and pelvic spines present a 

risk of painful envenomation to lobster fishers.  Lionfish could affect lobster catches 

through ecological interactions with lobsters (Chapter 2), but also by triggering 
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behavioural changes in fishers. For example, whether fishers choose to kill lionfish or 

simply move more slowly in their presence, an increase in lionfish encounters could 

reduce the efficiency of fishing, which could, in turn, lead to significant costs over the 

course of a fishing season or a fisher’s career. To date there has been no attempt to 

formally document any economic repercussions stemming from the lionfish invasion. 

In this study the central objectives were to (1) examine lobster catch trends and 

explore evidence for an impact of lionfish on catches, using (a) government statistics 

and (b) fisher-derived metrics; (2) assess the perception of a lionfish issue and other 

potential problems among Bahamian fishers; and (3) provide a preliminary, deterministic 

model of the potential direct economic impacts of lionfish on the lobster fishery. 

Objectives 1 and 2 make use of social surveys, which are increasingly used to access 

local ecological knowledge (LEK) and gather information to enable more responsive 

management decisions (Brook and Mclachlan 2008). Surveying those with immediate, 

day-to-day interactions with natural resources can give insight that might otherwise be 

undetectable in officially compiled statistics and can complement formal stock 

assessments (White et al. 2005, Daw 2008, Paterson 2010). This analysis provides the 

first fisher-relayed assessment of the Bahamian lobster fishing industry and of its 

economic vulnerability to the continued proliferation of invasive lionfish. 

Methods 

Study area and study fishery 

This study was carried out around the Abaco Islands, northeast Bahamas (Fig. 3.1). 

Fishing is a major source of employment in the Abacos (population: 16,692; Bahamas 

Department of Statistics 2011), and the industry targets conch (Strombus gigas), various 

finfish, and particularly spiny lobster. Lobster fishers collect their catches by diving with 

surface-supplied compressed air and, occasionally via breath-hold free-diving. Spears 

are sometimes used for harvest on natural reefs but the majority of fishers use lobster 

aggregating gear known as condominiums (or condos). Condos are open, unbaited 

structures consisting of a large rectangular piece of sheet metal, held roughly 15 cm off 

the substrate by wooden runners (Fig. 3.2). Condos simply provide shelter and do not 
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trap lobsters. They are strategically placed in lobster foraging areas with little natural 

structure (Sosa-Cordero et al. 1998). In 1995, the number of condos deployed was 

estimated at 650,000 (Delleveaux and Higgs 1996), but because condos are not 

removed annually and fishers deploy additional gear every season, the number is likely 

much higher now. 

 

Figure 3.1. Location of the Abaco island group, Bahamas. 

 

 Fishers in the Abacos generally exploit lobster in one of two ways. They can be 

shore-based, often working from small to mid-size vessels (~4-8 m). Daily catches are 

returned to the fishers’ home port and sold in situ to local ‘buyers’ who, in turn, sell to 

larger exporters. Alternatively, fishers can use a large (~11-30 m) ‘mothership’ to 
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undertake multi-week trips. Multiple ~4-8 m skiffs are housed on these larger vessels. 

Fishers operate a skiff in pairs, selling their catch directly to the mothership at the end of 

the day. The parent vessel then lands the entire catch at the ‘fish house’ or one of the 

main exporters in the larger ports of Nassau (New Providence Island), Freeport (Grand 

Bahama), or Marsh Harbour (Great Abaco). 

 

Figure 3.2. A typical Bahamian fishing condo. 

 The lobster fishery is a regulated open-access resource (Homans and Wilen 

1997) for all Bahamian nationals. Any vessel over 6.1 m must be registered with the Port 

Department and obtain a vessel-specific commercial fishing license, through the 

Department of Marine Resources (DMR). Each individual fisher is required to obtain a 

permit to use a compressor. A permit is also required to trap lobsters but, because 

condos are not closed, they do not fall under this regulation. Beyond this, there is no 

requirement to get an individual fishing license and there is no seasonal industry-wide 

catch quota. Lobsters with a carapace length (CL) of less than 7.8 cm and egg-bearing 

females may not be harvested. To alleviate fishing mortality during the breeding period, 

lobster fishing is prohibited from April 1 – July 31. However, archipelago-wide 

enforcement is difficult and there is currently no estimate of the prevalence of under-

sized and out-of-season fishing. 
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Trends in lobster catches 

Published statistics 

To examine trends in lobster catch over time, three publicly available datasets were 

consulted. First, statistics from the United Nations Food and Agriculture Organization 

(FAO) were accessed through the FishStatJ database (FAO Fisheries and Aquaculture 

Department 2011), where records of Bahamian lobster landings (tonnes) were available 

from 1955-2010. Second, lobster landings (tonnes) were available from The Sea Around 

Us Project (SAUP; http://www.seaaroundus.org/eez/44/1.aspx, accessed May 2012) for 

the years 1955-2006. Finally, the Bahamas DMR published fisheries landing data from 

1996-2011 

(http://www.bahamas.gov.bs/bahamasweb2/home.nsf/vContentW/162F8D259A154E2E

8525765F006894C3, initially accessed Sept. 2010 – now only available by request). 

These records are divided into pounds of whole lobster and lobster tails, heads, and 

meat. Each category of non-whole lobster was converted to whole weight by multiplying 

by the conversion factors 3, 1.5, and 3.6, respectively (FAO Fisheries Department 2000, 

E.B.H. unpublished data). These components were then added to the weight of whole 

lobster landed, and converted to tonnes for ease of comparison with the other two data 

sources. 

Fisher surveys 

From May to July 2011, I conducted semi-structured interviews with Abaco fishers to 

examine trends in the lobster fishery at a more local level. Resident ‘experts’ (Davis and 

Wagner 2003) were initially identified through discussion with community members, 

fisheries enforcement officers, and Bahamas Friends of the Environment, a local NGO 

which interacts regularly with lobster fishers. Using this expert-driven approach I 

employed snowball sampling to identify further people to interview (Biernacki and 

Waldorf 1981). Once suitable candidates were identified, they were contacted by phone, 

by email, at their residence, or in their community to arrange an interview. Informed 

consent was obtained orally and a written summary of the study and interview process 

was given to the participants, containing the author’s contact information. 
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Interviews included demographic questions and open- and closed-ended 

questions on fishing-specific issues, such as changes in lobster abundance over time, 

changes in CPUE over time, catch handling time, the recent number of good and bad 

years, and perceived problems in the lobster fishery. The second set of questions, on 

lionfish-specific issues, included questions about the fisher’s usual behaviour in the 

presence of lionfish, the effort necessary to deal with a lionfish (e.g., killing it or moving 

more slowly to avoid envenomation), and the perceived effect of lionfish on the way the 

fisher operates. Participants were allowed to relay stories, anecdotes, and otherwise 

deviate from the order of questions. All participants consented to the interviews being 

recorded and all conversations were later transcribed. 

Many of the questions required the solicitation of retrospective information from 

the fishers. The inherent inaccuracies and biases of memory recall are well documented 

(e.g., Sudman and Bradburn 1973, Bernard et al. 1984, Bradburn et al. 1987, Daw 

2010). However, prompting the recall of events of interest in reference to a sequence of 

important political, personal, or extreme experiences can help respondents more 

accurately relay temporal information (Bradburn et al. 1987, O'Donnell et al. 2010). In 

the Abacos, recent hurricane history (Dennis and Floyd in 1999 and Frances and 

Jeanne in 2004) provided a natural timeline by which lobster fishers anchored memories 

of catch trends and effort. Fishers were asked to recall, for each season between 1999 

and 2010, which years were, in terms of their fishing livelihood, good years and which 

were bad years. All years that were not mentioned were assumed to be average years. 

Using the good and bad year information derived from the interviews, I 

constructed an ‘index of goodness’ to enable comparison and evaluation of locally 

perceived lobster catch trends and national landing statistics. Those years identified as 

good years were given a score of 1, bad years a score of -1, and average years a score 

of 0. A ‘goodness’ score, averaged from the responses of all fishers interviewed, was 

then calculated for each year, and interpreted in comparison to landings and in relation 

to the arrival of lionfish in 2004. 

Three questions were used to explore local trends in the fishery. The first 

question asked respondents how the abundance of lobster had changed, if at all, before 

(1999-2004) and after (2005-2011) the arrival of lionfish. The second question asked 
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fishers to compare catch per unit of effort between the beginning of their careers and 

2011. These two questions were answered on a 5-point Likert-like scale (1 = decreased 

dramatically, 2 = decreased somewhat, 3 = stayed the same, 4 = increased somewhat, 5 

= increased dramatically).  The final question asked how the mix of good and bad fishing 

years has changed over the last decade, with potential answers offered on a 3-point 

scale (1= more bad years, 2 = stayed the same, 3 = more good years). 

Modeling the impact of lionfish on lobster fishers 

Profit equation 

The net profit of fishing, "t, to an individual Bahamian lobster fisher can be described as: 

!
t
= B

t
!C

t
 (1) 

where Bt is the gross benefit, or revenue to the fisher in time period t (in this case, one 

fishing season), and Ct is the cost incurred by that fisher in the same time interval, t (Eq. 

1). Both gross benefit and cost are in Bahamian Dollars (BSD; $1 BSD = $1 USD).  

Gross benefit depends on dt, the total number of days fished in time period t, daily 

fishing effort e, measured as the number of condos visited per day, the harvest h (in kg) 

from an average condo and the price pLB (in $ kg-1) received by the fisher for landed 

catch. Thus, 

Bt = dt !e !h ! pLB  (2) 

Lobster fishers in the Bahamas only fish during daylight hours and are therefore 

constrained by the number of daylight hours available. In a given working day (minstotal), 

time is spent traveling to and from the fishing site (minstravel, total daily travel time), 

traveling between condos (minsbetween), and harvesting lobsters at a given condo 

(minsLB). Fishers may also devote time to dealing with lionfish (minsLF), either by working 

more slowly to avoid envenomation, or by killing each lionfish encountered. In the 

absence of lionfish, or when fishers do not change their work habits in the presence of 
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lionfish, minsLF = 0. The durations minsbetween, minsLB, and minsLF are experienced during 

and between the visits to each condo, and hence are multiplied by e, the number of 

condos visited per day (or daily fishing effort), when estimating the time allocation to 

different fishing activities. Thus the total working time available to a fisher in a given day 

is calculated as: 

mins
total

=mins
travel

+ e(mins
between

+mins
LB
+mins

LF
)  (3) 

which can be rearranged to estimate daily fishing effort (e) as: 

e =
mins

total
!mins

travel

mins
between

+mins
LB
+mins

LF

 
(4) 

 

The cost parameter Ct is made up of three component costs (Eq. 5): cost of fuel 

(cfuel), cost of food (cfood), and the cost of maintaining sufficient numbers of condos by 

repairing existing condos, replacing disintegrated condos, and deploying new ones 

(cmaintenance). 

Ct = cfuel + cfood + cmaintenance  (5) 

The cfuel component of the Ct term depends on the time spent motoring to fishing 

sites (minstravel) and between each of the condos (minsbetween) visited in a day (e), time 

costs which are incurred each day of the fishing season (dt). It also depends on fuel 

consumption (in L hour-1), which can be approximated for outboard engines as the 

number of horsepower (hp), divided by 10 and multiplied by 3.785 to convert gallons to 

litres. This estimate assumes running at open throttle for the entire period and, as such, 

is likely to overestimate fuel use. However, this overestimate helps to cover additional 

time spent idling that is not otherwise accounted for in the equation (e.g., idling on the 
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surface while condos are being harvested). Lastly, cfuel also depends on the price of fuel 

(pfuel; $ L-1). Thus,  

cfuel =
dt (mintravel + e !minbetween )

60
!
hp

10
! pfuel  

(6) 

The other two components of Ct, cfood and cmaintenance, are explained by two simple 

equations: 

cfood = pfood !dt  (7) 

cmaintenance = pcondo !nt  (8) 

where pfood is the daily price of food multiplied by the number of days fished (dt) (Eq. 7) 

and pcondo is the price of replacing a condo, taking into account materials, labour, and 

time spent setting in the off-season, multiplied by the number of condos replaced in a 

given season (nt) (Eq. 8). Other costs, such as capital costs related to vessel purchase, 

equipment acquisition, and training are assumed to be sunk costs and are not discussed 

further. 

To account for the long-term impact of lionfish to lobster fishers, the present 

value (PV) of net benefits to the fisher (") was estimated as: 

PV =
!
t

(1+ r)
t

t=0

20

!  
(9) 

The net benefit is treated as an annuity for the remainder of the fisher’s career, 

assuming the average fisher interviewed continues to fish for 20 more years (Eq. 9). 

Benefits are discounted at a fixed rate r of 3%, as recommended by Sumaila et al. 

(2012) as it better accounts for the future benefits of an intact natural resource economy 

than the more commonly used rate of 7% (Sumaila 2004). However, to test the 
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sensitivity of changes in PV to different values of r, an additional model run was done for 

mothership fishers at an r of 7%. 

 

Starting parameters and scenarios 

The net profit of lobster fishing in relation to lionfish presence was modeled separately 

for inshore and mothership fishers. Starting parameters for each type of fisher were 

selected based on responses to the fisher surveys, as well as informal discussions with 

fishers and buyers. Initial values for the number of days fished, travel time to and from 

condos, and the price of food were deemed to differ between mothership fishers and 

inshore fishers (Table 3.1). Motherships often spend weeks at sea and fishers on these 

vessels will usually fish for one long trip per month, while inshore fishers typically spend 

slightly more but non-consecutive days on the water each month. Travel time to and 

from the fishing grounds was assumed to be negligible (minstravel = 0) for mothership 

fishers because fishing from skiffs based on these larger vessels allows close access to 

fishing areas on a daily basis. In contrast, inshore fishers must come and go from their 

home beach or dock every day, representing an additional allocation in their time 

budget. I also estimated the price of food to be lower for inshore fishers because they do 

not have to provision for extended time at sea. 

Three lionfish handling time scenarios were modeled for each type of fisher. The 

first, a no lionfish impact scenario (minsLF = 0) describes a fisher operating in the 

absence of lionfish or a fisher who does not alter his method of lobster harvest when a 

lionfish is present. The next two scenarios can reflect increasing levels of caution in the 

presence of lionfish or increasing lionfish abundance at fishing condos. The second 

scenario (minsLF = 0.5 min per condo) represents a moderate level of caution – a fisher 

who takes approximately 30 seconds more per condo to work around lionfish or to kill 

some of the fish with a hook stick – and/or a moderate level of lionfish abundance. The 

last scenario (minsLF = 1 min per condo) describes a fisher who kills every lionfish 

encountered with a hook stick or a spear and/or a situation where lionfish are abundant 

and encounters with fishers are frequent. The fishers surveyed reported a wide range of 

lionfish handling times and these scenarios incorporate the variety of fisher attitudes 

toward handling lionfish. I elected not to consider a scenario in which fishers spent 
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additional time fishing to make up for any time spent dealing with lionfish because 

fishers are truly limited by daylight, hence this scenario would not be realistic. 

I solved Eq. 4 to determine the number of condos that could be visited by 

individual inshore and mothership fishers, given the time allocations dictated by each 

scenario, and the associated present value of net fishing profit. To test the sensitivity of 

the model to the initial parameter values, starting values of all parameters were 

sequentially increased by 25% (one parameter at a time) and then sequentially 

decreased by 25% in additional sensitivity runs of the model (Table S3.1). 

Table 3.1. Starting model parameters used to evaluate the economic impact of 
lionfish on lobster fishers operating from either motherships or from 
small vessels inshore in the Abacos, Bahamas. 

     

 

Variable 

 

Definition of terms 

 

Unit 

Value for 
mothership 

fishers 

Value for 
inshore 
fishers 

 

Bt   

dt Days fished per season days 80 90 

h Amount harvested per condo kg 1.36 1.36 

pLB Price of lobster $ kg-1 17.64 17.64 

minstotal Time available per day minutes 420 420 

minstravel Travel time to fishing site minutes 0 60 

minsbetween Travel time between condos minutes 3 3 

minsLB Time to harvest lobster at each condo minutes 5 5 

 

Ct 

    

hp Engine power horsepower 100 100 

pfuel Price of fuel $ L-1 1.72 1.72 

pfood Price of food $ 20.00 10.00 

pcondo Price of condo replacement $ 80.00 80.00 

nt Number of condos replaced per year condos 150 150 
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Results 

Landings and trends described by Abaco fishers 

All three official sources of lobster landings show a marked increase in landed catch 

from the beginning of record keeping in 1955 to the last completed fishing season in 

2011 (Fig. 3.3a). Despite much inter-annual variation, catch seems to have more or less 

plateaued, beginning in the mid 1990s. The year 2003 was the fishery’s most productive 

year to date, with an estimated 10,378 landed tonnes of lobster. In recent years, all three 

data sources show a marked dip in landings in 2001, and FAO and DMR data show 

another low year in 2008 (SAUP records are only currently available to 2006). However, 

DMR statistics illustrate a much more severe decline in the years 2008 and 2009, yet 

landings rise in 2010, similar to the FAO data. The arrival of lionfish in the Bahamas in 

2004 coincides with the drop in landings following the record year in 2003. 
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Figure 3.3. Trends in (a) officially reported Caribbean spiny lobster landings in the 
Bahamas from 1955-2011, and (b) the Abaco fishers’ ‘index of 
goodness’ (long dash line), superimposed on official landings data 
(FAO: solid line; DMR: dotted line) from 1999-2011. The shaded 
vertical line denotes the first confirmed lionfish sighting in the 
Bahamas in 2004. 
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Figure 3.4. Common issues identified by Abaco fishers (n = 29) when asked the 
open-ended question, “For you, what would you say are the top 
three problems in the lobster industry today?”.  Percentages 
indicate proportion of respondents identifying each category 
without prompting. 

 

To understand these trends at a more local level I interviewed 29 ‘expert’ fishers 

from 11 different communities. Fishers ranged in age from 34 to 70 (average = 48.6 

years old). Respondents had been fishing commercially for an average of 29.3 years. 

Sixteen fishers operated primarily inshore, while 13 were based on larger motherships. 

The ‘index of goodness’ derived from interviews with these fishers did not mirror the 

national statistics exactly but did seem to track the major spikes and drops, albeit with 

inconsistent lag (Fig. 3.3b). The fishers reported a steep drop in lobster catches in 2005, 

the year following the first lionfish sighting in the Bahamas, but ‘goodness’ quickly 

recovers to a more average level over the next few years. 
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Table 3.2. Components of each issue (shown in Fig. 3.4) identified by Abaco 
fishers when asked the open-ended question, “For you, what would 
you say are the top three problems in the lobster industry today?” 
Responses were not constrained to these categories. Rather, 
individual responses were grouped into these divisions once all 
interviews had been conducted. 

Issue Components of the issue 

Poaching 

 

Fishing of a condo one does not own, done either by Bahamians, by foreign fishers, 
or by tourists 

 

Illegal fishing Fishing of under-sized lobster; fishing out of season 

 

Lionfish Altered ecology; uncertainty of impacts 

 

Inconsistency Unpredictability of hurricanes; condos attacked and flipped by other animals; 
uncertainty of catch; fluctuations in price; inconsistent catch handling between 
fishers means buyers can’t rely on consistent quality 

 

Overfishing Too many fishers; too many condos 

 

Underregulation Need shorter spiny lobster season; should be forced to land whole lobsters; need a 
regulatory framework for condos; need better enforcement of existing regulations; 
need better enforcement of restaurants to curtail the fishing and sale of undersized 
lobsters 

 

Overregulation Want compressor use year-round; lifting turtle fishing ban would allow 
complementary sources of income 

 

Cost Cost of fuel and materials 

 

When asked, in an open-ended question, to identify what they considered to be 

the top three problems currently facing the lobster fishing industry, most fishers gave 

poaching (72%) and illegal fishing (55%) as top answers (Fig. 3.4). Poachers include 

Bahamian fishers who forgo the personal expense of building and sinking their own 

condos, foreign nationals fishing in Bahamian waters, and boating tourists (Table 3.2). 

‘Illegal fishing’ signifies both fishing out of season and fishing of under-sized lobster. 

Although lionfish ranked as the third top issue, mentioned by 28% of fishers, most were 
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unsure of the specific impacts (Table 3.2). However, many felt that a species with such a 

detrimental effect on the local ecology was bound to affect them somehow. 

When asked how the abundance of lobster had changed since the arrival of 

lionfish, more than half (51%) of respondents did not report any difference in lobster 

abundance (Fig. 3.5a). Approximately one-third (34%) of fishers felt that abundance had 

declined somewhat or dramatically, while the rest (14%) felt that abundance had 

increased somewhat. No one reported a dramatic increase (Fig. 3.5a). Overfishing and 

illegal fishing were given as the main reasons for perceived drops in lobster abundance, 

while most fishers who reported an increase in abundance felt that populations were in 

the upward phase of a natural cycle. 

Nearly 80% of fishers reported that their CPUE had declined, either somewhat or 

dramatically, since the beginning of their career (Fig. 3.5b). Only 14% indicated that their 

CPUE had increased somewhat, and again no fishers reported a dramatic increase (Fig. 

3.5b). All respondents who perceived a decrease in their CPUE mentioned competition 

with other fishers as the main reason for the drop. However, when asked how the 

presence of lionfish had affected their fishing, 48% stated that lionfish in and around 

their condos forced them to be more cautious. Finally, in reflecting on year-to-year 

fluctuations affecting their livelihoods over the past decade, fishers’ answers were fairly 

evenly distributed between more bad years, more good years, and no change (Fig. 

3.5c). 
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Figure 3.5. Percentages of respondents (N = 29) in each category of responses to 
the questions (a) “Between the two time periods of 1999-2004 and 
2005-2010, how do you feel the abundance of lobster has 
changed?”, (b) “How, if at all, is your catch different now from the 
beginning of your career, if you compared an equal number of 
condos then and now?”, and (c) “How has the mix of good and bad 
years changed over the past 10 years?” 
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Opportunity cost of lionfish 

With the baseline parameter values shown in Table 3.1 and in the absence of lionfish (or 

alternatively, in the absence of changes in fishing behaviour despite the presence of 

lionfish), the estimated present value of the net benefit (PV) of lobster fishing to a typical 

Abaco mothership fisher over the next 20 years was $1,094,238.28. In the second 

scenario, where fishers spend an average of 0.5 minutes per condo dealing with lionfish, 

this total declines by 7% ($76,268.94) to $1,017,969.34. In the third scenario, with minsLF 

= 1 minute, the model estimated a 13% ($144,063.55) decrease in PV to $950,174.73. A 

typical Abaco inshore fisher was projected to earn less, with a PV of $971,313.14 that 

declined by 8% ($73,545.05) in the minsLF = 0.5 scenario and 14% ($138,918.42) in the 

minsLF = 1 scenario. Because a discount rate of 7% places more emphasis on the 

immediate value of benefits, the long run estimate of PV for a typical mothership fisher 

was $971,313.14, slightly less than with an r of 3%. Although the absolute value of 

changes with r at 7% was lower, the magnitude was consistent (-7% with minsLF = 0.5 

and -13% with minsLF = 1) and patterns the same as r at 3% (Table S3.2, Table S3.3). 

Further discussion is based on models with r of 3%. 

When sequentially increasing and decreasing the value of starting parameters by 

25%, PV for mothership fishers was most affected by changes to the amount of lobster 

harvested at each condo (h) and the price of lobster (pLB) (Fig. 3.6). In both cases, PV 

increased when starting values were increased. When sequentially increasing all 

parameters, an increase in the amount of time taken to work at each condo (minsLB) 

caused the largest decrease in PV. Interestingly, changes in the price of fuel (pfuel) did 

not have a large effect on PV estimates. Overall, the model was less sensitive to 

changes in the variables making up the cost than the benefit (Fig. 3.6, Table S3.3). 

Although certain variables take on greater relative importance when looking at inshore 

fishers (e.g., minstotal and minstravel; Fig. S3.1, Table S3.4), patterns are largely the same 

between the two fishing modes. Hereon in, discussion will be based solely on analysis of 

mothership fishers. 
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Figure 3.6. Impact on present value of net benefits of fishing of increases (+25%; 
dark bars) and decreases (-25%; light bars) in the values of variables 
contributing to total benefit (Bt) or total cost (Ct) of fishing when 
lionfish are absent or there is no change in fisher behaviour in the 
presence of lionfish (Scenario 1, see Methods). Impact is expressed 
as percent change calculated in relation to the model run with all 
variables at their initial values (Table 3.1), which resulted in a 
present value of net benefit of $1,094,238.28 for a typical Abaco 
mothership fisher. 
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Figure 3.7. Impact on present value of net benefits of fishing of increases (+25%; 
darker bars) and decreases (-25%; lighter bars) in parameter 
estimates for the no lionfish scenario (minsLF = 0; left bar within 
each parameter group), a moderate lionfish handling time scenario 
(minsLF = 0.5, middle bar), and a high lionfish handling time scenario 
(minsLF = 1, right bar). Impact is expressed as percent departure 
from the baseline model scenario for amount of lobster harvested 
per condo (h), price of lobster (pLB), minutes spent harvesting 
lobster at each condo (minsLB), and the price of fuel (pfuel). 
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The impact on PV of changes in parameter values observed in the absence of 

lionfish became compounded by increasing lionfish handling times (Table S3.2). In 

general, the gains in PV resulting from changes in parameter values under the minsLF = 

0 scenario (see above) became progressively smaller as the impact of lionfish increased 

(i.e., from minsLF = 0.5 to minsLF = 1) (Fig. 3.7). Conversely, the reductions in PV 

observed when changing parameter values under minsLF = 0 became progressively 

larger with increasing lionfish handling time. These trends are evident for the most 

influential model parameters identified above: catch per condo (h), lobster price (pLB) and 

time taken to harvest lobster at each condo (minsLB) (Fig. 3.7). The price of fuel (pfuel), a 

large unknown when modeling future outcomes, was not predicted to have a large effect 

on the PV of Abaco fishers in the absence of lionfish. In the presence of lionfish, 

changes in fuel price continue to have more limited effects on PV than several other 

parameters. However, in scenarios in which lionfish handling time is high, a 25% 

reduction in the price of fuel still results in a decrease in PV (Fig. 3.7). 

Discussion 

This study provides the first attempt to identify and quantify some of the economic 

impacts of invasive lionfish by examining trends in the Bahamian lobster fishery. 

Officially reported landings from this fishery have been steadily increasing since the mid 

1950s, with a record high year in 2003 followed by a period of poor catches from 2004-

2009. Interviews with fishers from the Abaco islands show that local perception of 

‘goodness’ of fishing years does not track these trends perfectly but appears to 

anticipate marked declines in official landing statistics by one year. Perceptions of 

lobster abundance and the mix of good and bad years have remained unchanged since 

the arrival of lionfish in 2004, while fishers attribute declines in CPUE to competition with 

other fishers, poaching and illegal fishing. The presence of lionfish was nevertheless 

identified as an important issue for the fishery, although most fishers were unclear as to 

the anticipated impacts. Deterministic economic modeling showed that changes in the 

price of lobster, the amount of lobster harvested per condo, and the amount of time 

necessary to work a condo are predicted to have substantial impacts on the income of 

mothership fishers, and these impacts become compounded with increasing effects of 
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lionfish on fisher behaviour. These results highlight potential vulnerability of Bahamian 

lobster fishers to fluctuations in these factors. 

Status of the Bahamian lobster fishery 

Interviews and official statistics often provide different information because these are 

collected on different scales. Local trends can be overlooked in official statistics due to 

increased effort, efficiency, or other factors that operate on a larger scale (Daw 2008). 

The most likely explanation for the two marked declines in lobster landings, between 

2000 and 2001 and from 2003 to 2008, is the occurrence of major storms. Hurricanes 

Dennis and Floyd in 1999 and Frances and Jeanne in 2004 were exceptionally 

devastating to many parts of the Bahamas. Most Abaco fishers reported losing a great 

deal of gear and fishing time to those storms and their after-effects. Dips in locally 

perceived ‘goodness’ of fishing in Abaco closely track the damage caused by the storms, 

but matching declines in national landings statistics are lagged by one year. A possible 

reason for this lag is that Abaco fishers were briefly able to fish just before the 

hurricanes and relayed that, for a short time, landings were good. Additionally, fishers 

from other main lobster fishing islands, which were less influenced by the storms, were 

able to continue landing their catch. It is possible that goodness of fishing conditions, as 

perceived by Abaco fishers, increased after the storms, at least compared to the storm 

years, but their landings did not recover to pre-storm levels, creating a lagged dip 

between fishers’ perception of goodness and national landings. 

A variety of additional factors may account for the slow recovery of landings 

following the 2004 storms. After record high export prices in 2005 and 2006, the price of 

lobster dipped in 2009 to its lowest level in nearly a decade (Bahamas Department of 

Marine Resources 2009a). Many fishers attributed this price decline to a faltering US 

economy, the fishery’s largest export market. Two years of relatively high catch, followed 

by fluctuations in global markets, created a situation where the price was so low many 

fishers chose not to fish. Poor landings could also be due to declining stocks. Many 

fishers claim that lobster stock status has remained consistently healthy and that it is 

only the number of fishers and the extent of poaching that has changed. In the absence 

of any formal stock assessment and estimates of fishing effort, it is difficult to verify 

these assertions. However, there is concern that the average size of landed lobster tails 
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has been steadily decreasing, while a growing number of fishers are increasing fishing 

mortality (Gittens and Braynen 2003). Finally, another possibility is that lionfish-induced 

changes to CPUE after 2004 contributed to fishers’ difficulty in maintaining their catches. 

Although there was a marked drop in lobster landings immediately following the 

arrival of lionfish in 2004, the two events are unlikely to be directly related causally. 

Indeed, no fishers reported lionfish as a main explanation for declines in CPUE. 

Although the presence of lionfish was identified as the third most influential issue facing 

Abaco lobster fishers, there was much uncertainty as to anticipated impacts. Some 

respondents noted that their number of encounters with lionfish had increased markedly 

in the past few years. A few even mentioned that they had stopped setting condos in 

certain areas to avoid lionfish – a behaviour that would contribute a further cost to these 

fishers. Although 48% of Abaco fishers interviewed recounted that they were more 

cautious around lionfish, all respondents who perceived personal declines in CPUE felt 

that this was predominantly due to competition from other fishers. Nevertheless, the 

subtle effect of extra effort when encountering a lionfish can be compounded into a more 

profound impact over the course of a fishing career. 

Economic effect of lionfish on the Abaco lobster fishery 

Under the baseline input parameters, the economic model predicted a modest 7% 

decrease in PV of net benefits to a typical Abaco mothership fisher if they spend just half 

a minute handling or avoiding lionfish at each condo, and a 13% decrease if lionfish 

presence increases condo harvesting time by one minute. Because of the deterministic 

nature of this model, this proportional increase between the two handling time scenarios 

is not surprising and remains more or less consistent throughout the sensitivity analyses 

of all input parameters (Table S3.2, Table S3.3). However, of particular interest is how 

predicted income was affected by alterations in parameter starting values. Reductions in 

the amount of lobster harvested per condo (h), which could occur if recruitment is poor 

or if the stock becomes overexploited, and in the price of lobster (pLB), as was 

experienced in 2009, had drastic consequences for the anticipated impact of lionfish on 

fisher incomes. Relative to the initial model run, reducing h and pLB caused PV to drop 

by 39% in the minsLF = 0.5 scenario and by 44% in the minsLF = 1 scenario. Income 

projections also declined with increases in the amount of time taken to harvest lobster at 
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each condo (minsLB), which could occur if many small lobsters instead of few larger ones 

were caught, and these declines were again exacerbated by increases in lionfish 

handling time. 

Together with the results of interviews with Abaco fishers, these findings are 

worrisome, as they suggest that the ability of the lobster fishery to mitigate the economic 

impact of lionfish will be hampered by external pressures and ongoing trends in this 

industry. For example, if the price of lobster is high, lionfish will have a limited effect on 

earnings even if they slow down the harvest of cautious fishers. Fishers will be able to 

make up for this time sink by bringing in more money for a smaller catch. However, if 

troubled international markets reduce the demand for luxury seafood, such as lobster, 

then fishers will not only face additional effort as a result of lionfish encounters, but their 

catch will be worth less (lower pLB). Fishers also reported that illegal fishing and 

poaching of condo contents were increasingly prevalent. Higher fishing mortality, 

especially of the more desirable larger lobsters, can shift the lobster size distribution 

towards smaller sizes, causing the amount of lobster harvested at each condo (h) to 

decrease. Concomitantly, minsLB would likely increase because of the time needed to 

measure individuals and ensure the capture of only legal-sized lobsters. The effects of 

low h and high minsLB will compound each other, since they affect income in the same 

direction, and while their joint effect may be limited in the absence of lionfish, this may 

not be the case in a future with high lionfish densities. 

It is important to note that the economic model presented here is a preliminary, 

deterministic attempt to quantify the impacts of invasive lionfish. Deterministic economic 

modeling, while accurate in the short term, does not account for long-term shifts in 

system parameters over time, or for long-term sources of uncertainty and error (Hendry 

and Clements 2003). Future attempts to undertake long-range modeling of this system 

should incorporate error estimates that take into account natural variability in the 

parameters and changes that will occur over longer time frames. A bioeconomic 

approach that estimates a production function for the lobster fishery, while modeling the 

ecological processes that occur at condos would allow for more rigorous PV estimates. 

In addition, I did not account for time lost because of envenomations, nor for the effort 

necessary to relocate fishing gear because of excessive lionfish encounters. Both 
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factors would likely decrease PV, making it even more worthwhile for fishers to kill 

lionfish in present encounters to avoid these costs in the future. 

Although most Bahamian lobster fishers generally operate in a similar manner to 

those from the Abacos, practices do differ in some fishing communities, resulting in 

different perceived and real impacts. For example, the Spanish Wells lobster fleet off 

Eleuthera Island operates at a much larger scale than most Abaco fishers. Profits from 

these capital-intensive motherships are more sensitive to changes in landings (BREEF 

and MacAlister Elliott & Partners Ltd. 1998) so slight increases in effort in such a fishery 

could have a larger impact on fisher income. Nonetheless, the model in its current form 

serves to highlight that there is a predicted economic cost of lionfish to Abaco lobster 

fishers over the span of their careers and that the magnitude of specific impacts is 

affected by variation in components of this fishing system, such as amount of harvest 

per condo, time necessary to harvest lobster at a condo, and the price of lobster, as well 

as lionfish densities. 

Implications and future management directions 

There is a great deal of uncertainty about the future of lionfish in their invaded range - 

what densities can be supported on reefs and other habitat types and the effectiveness 

of various control strategies. In the most pessimistic of future scenarios, lionfish come to 

dominate reef fish biomass, while their sustained predation on herbivores impedes coral 

recruitment, significantly shifting regional coral reef ecology (Albins and Hixon 2011). 

Warming ocean temperatures brought about by global climate change may also 

decrease lionfish larval duration, while prey consumption rates will increase. However, 

the current rates of lionfish population growth and expansion far outstrip any projected 

increases as a result of climate change (Côté and Green 2012). It is possible that lionfish 

could have even greater indirect economic effects than the direct impact on fishers 

estimated here, by precipitating larger-scale changes in the distribution and abundance 

of many species of economic importance. Nevertheless, theoretical models suggest that 

sustained culling can allow local lionfish populations to be kept at levels that cause 

limited harm to native fauna (Barbour et al. 2011, Morris et al. 2011a). Since higher 

densities of lionfish would likely translate into more frequent encounters between fishers 

and this invasive fish, further impacting CPUE in the short term (such as in the minsLF = 
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1 scenario), lobster fishers could be a part of local culling strategies. Fishers have 

access to, and consistently visit, shallow sand and seagrass beds that often harbour 

lionfish (Claydon et al. 2012). If fishers were encouraged and/or given incentive to kill 

lionfish, the lobster fleet could become a powerful management tool for decision-makers 

with limited personnel and resources with which to implement large-scale culling efforts. 

Abaco fishers possess a keen awareness of conservation issues and a desire to 

have more meaningful input into the management of their resource. In a sense, fishers 

who choose to kill lionfish are demonstrating that they value an intact ecosystem by 

sacrificing future personal benefits in order to reduce the prevalence of this invasive 

species. This is especially interesting in light of the fact that fishers were uncertain of the 

actual impacts of lionfish on their livelihoods. It is possible that, if they become aware of 

the actual cost of dispatching all lionfish encountered, they might discontinue this 

practice. However, relative to the magnitude of the impact caused by changes to the 

price or amount of lobster harvested, the effect of lionfish is modest. Additionally, at 

extremely high lionfish densities, it would be difficult to harvest lobster at a condo without 

taking some action, either by working more slowly, chasing the fish away, or killing 

particularly bold individuals. Receiving training in safe lionfish handling practices (e.g., 

through Reef Environmental Education Foundation training workshops) would diminish 

this cost. Although the development of a lionfish fishery has been proposed as a 

possible mechanism to impose sustained mortality on the invaders (e.g., Barbour et al. 

2011, Morris et al. 2011a), the price identified by Abaco fishers at which landing lionfish 

becomes worthwhile is much higher than what local restaurants are willing to pay 

(Chapter 4). However, with proper training, lobster fishers could become more adept at 

handling lionfish and these could provide a secondary source of income, helping fishers 

to recover some of the opportunity cost of changes in effort. 
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Chapter 4.  
 
General Discussion 

Invasive species are pervasive in the sea and present a real threat to the long-term 

stability of marine ecosystems globally (Bax et al. 2003, Clavero and García-Berthou 

2005, Molnar et al. 2008). Indo-Pacific lionfish, introduced to the Caribbean region, are 

considered one of the world’s major conservation issues (Sutherland et al. 2010). The 

predation effects of lionfish are ecologically detrimental to reef communities (Albins and 

Hixon 2008, Côté and Maljkovi! 2010, Green et al. 2012). In this thesis, I began to 

explore the economic impacts of invasive lionfish to Bahamian lobster fishers. Chapter 2 

examined evidence for possible spatial competition between lionfish and lobsters. The 

natural shelters of the two species exhibited similar characteristics and, under condos, 

lobster abundance was ~50% lower when lionfish were present. However, the causality 

of this relationship remains unclear. In Chapter 3, I modeled the costs to fishers of 

changes in catch handling time that arise if fishers change their harvesting behaviour to 

avoid being stung by lionfish. The lobster fishery has the potential to be heavily affected 

by fluctuations in both internal and external factors, such as the price of lobster, the 

amount of lobster harvested per condo, and changes in lobster handling time resulting 

from altered size distributions. Additional handling time due to the presence of lionfish 

exacerbates negative effects of fluctuations in these parameters and reduces the 

magnitude of positive ones.  

My study highlights the potential economic costs of the lionfish invasion. My 

results, when combined with the growing understanding of the ecological consequences 

of this invasion, suggest both a need for prevention of invasions, and a need to devise 

economically efficient control strategies once invasions occur. In this General 

Discussion, I consider specifically the importance of economics in setting controls on the 

international trade of organisms with high potential for invasiveness, and the potential for 

a small-scale fishery to control invasive lionfish populations. 
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Importance of future risk assessments 

The accelerated pace of spread and establishment of invasive species worldwide 

exposes the need for a comprehensive risk assessment framework when considering 

the import or trade of species. There are many possible methods to implement such a 

program. A simple biological screening tool for marine organisms could combine an 

evaluation of species life history traits with known or projected tolerance to various 

environmental thresholds (Kolar 2004). Within such a framework, a species with high 

fecundity and broad tolerance to abiotic factors would be labeled with a high risk of 

invasiveness. Although this method would likely not accurately identify all species, it 

would be a reasonable starting point from which to base future screening programs. 

 However, a screening process based solely on ecological risk of potential 

invasions is not realistic. Since managers are faced with limited financial resources, 

economic factors must also be considered. Because the establishment of invasive 

species can be costly over time, Keller et al. (2007) describe an economic risk 

assessment screening to evaluate the long-term (up to 500 years in the future) economic 

risks of invasions. This long-term modeling approach demonstrates the net benefits of a 

bioeconomic screening process, especially for taxa with a high potential for escape or 

establishment. Leung et al. (2002) also show, using the real-world example of invasive 

zebra mussels (Dreissena polymorpha), that the ongoing costs of managing the invasion 

outweigh the initial costs of screening and prevention, suggesting that the latter option 

should have been the desired course of action from an economic perspective. This may 

not always be the case, but models analyzing the viability of different management 

actions must consider the relative merits of prevention versus control and also decide 

what is considered a permissible level of invasion risk (Leung et al. 2002). Indeed, if 

import or trade of a given species is sufficiently valuable, then it may be economically 

optimal, and perhaps socially acceptable, to allow the trade, despite the risk of invasion 

(Knowler and Barbier 2005), exposing potential discord between a strictly ecological 

view and one that incorporates economic valuation of social preferences. In any case, 

there is a definite need to formulate invasive control strategies that are economically 

efficient. Plans to manage and mitigate the impacts of invasive lionfish, incorporating 

both sound economic and ecological considerations, are just now being developed. 
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A lionfish fishery as a control strategy? 

Without unprecedented regional cooperation, broad-scale strategies to control lionfish 

are unlikely to be successfully implemented, yet localized efforts could keep invasive 

lionfish numbers at relatively low levels (Morris and Whitfield 2009). Many studies of the 

ecological impacts of invasive lionfish make passing reference to lionfish fisheries, 

lionfish bounties, and general consumption by humans as possible methods of 

population control (e.g., Albins and Hixon 2011, Muñoz et al. 2011). Organizations such 

as the Reef Environmental Education Foundation (REEF) even organize dive vacations 

with special focus on culling lionfish. Although skilled divers can remove large numbers 

of lionfish, the impact of these activities on lionfish populations at the regional scale is 

relatively small. There is hope that growing awareness of lionfish as a conservation 

issue could foster regional and even international demand for lionfish as a food fish. In 

this scenario, smaller-scale fisheries would play a role in localized control programs 

(Muñoz et al. 2011) while providing the source of sustained mortality necessary to 

produce predicted declines in lionfish populations (Morris et al. 2011a). 

However, encouraging market-based consumption of invasive species may not 

be unequivocally positive (Nuñez et al. 2012). The establishment of a fishery could 

provide incentive to maintain populations of the invader such that they can continue to 

be profitably exploited. Large-scale harvesting will also necessitate the creation of 

management infrastructure, something that many fisheries departments will likely be 

wary to do. In the Bahamas, compressor use by fishers is currently restricted to the 

lobster season, meaning that effective fishing of lionfish by lobster fishers during the 

closed lobster season would require regulatory changes. There is concern that such 

changes would result in greater opportunistic fishing pressure on other finfish and out-of-

season fishing of lobsters. 

While it is possible that these managerial issues can be addressed, there are 

other fundamental impediments that seem less likely to be resolved. First, not all levels 

of cull or harvest will necessarily benefit ecological communities (Barbour et al. 2011). It 

is generally accepted that to maintain effectual levels of overfishing, techniques and 

targeting must effectively remove lionfish juveniles as well as adults (Barbour et al. 2011, 

Morris et al. 2011a). Without adequate incentive, smaller fish are unlikely to be a popular 
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target with fishers who are paid by weight of catch. Given that lionfish reach maturity at a 

small size (Morris 2009) – smaller than is likely to be attractive to fishers – the likelihood 

of recruitment overfishing may therefore be limited. 

Furthermore, the pricing of lionfish presents a major problem. To properly 

encourage market-based targeting of lionfish, the price for a given weight must make it 

worthwhile for fishers to fish (i.e., similar to other high-value species, such as lobster or 

grouper), yet not be so high that consumers are unwilling to purchase it. A high lionfish 

price on the global market may also encourage fishing pressure in the native Indo-

Pacific range, where lionfish are much less abundant (Albins and Hixon 2011, Darling et 

al. 2011, Kulbicki et al. 2012). 

To evaluate the possibility for sale of lionfish in Bahamian restaurants, I 

interviewed representatives from 45 restaurants in the Abaco island group. Only three 

restaurants had served lionfish, none of them consistently, and all as a result of local 

lionfish derbies. However, 73% of restaurants indicated that they would “likely” or 

“definitely consider serving lionfish”. When asked to identify reasons why they do not 

serve lionfish, 75% of restaurants felt that inexperience of their staff was a major factor – 

staff were simply unfamiliar with the fish and not trained to safely prepare it or cook it. In 

addition to staff inexperience, lack of supply was given by 71% of restaurateurs as a 

main reason for not serving lionfish. Conversely, 44% cited questionable demand for the 

fish as a factor in their decision-making. 

In the absence of any price consideration, there is clearly openness to the idea of 

serving lionfish in Abaco restaurants. Nonetheless, if lionfish are to become a part of the 

local restaurant industry, then economics need to be taken into account and here the 

picture becomes more complicated. Of the 32 restaurateurs who expressed a 

willingness to sell lionfish, the average price they would be willing to pay to acquire it 

was $12.42 kg-1 (range: $0-$20.90). However, 25 of the 29 fishers surveyed in Chapter 3 

were open to fishing for lionfish as long as the mean price was $21.23 kg-1 (range: 

$2.20-$44.00). 

This disparity does not necessarily preclude the possibility of a lionfish fishery. 

There is often a discrepancy between surveyed willingness to pay versus willingness to 
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accept (e.g., Morrison 1998, Zhao and Kling 2001, Horowitz and McConnell 2002). In 

addition, the fishers interviewed all primarily target lobsters, a relatively high-value 

resource. It is possible that other fishers, who regularly fish finfish, conch, and other less 

valuable marine species, may be more open to lower lionfish prices. Nevertheless, if 

market-based initiatives are to be effective at reducing lionfish numbers, and as long as 

lionfish is bought and sold by weight, then there must be adequate incentives to ensure 

that small as well as large individuals are landed. The nutritional advantages of lionfish, 

relative to certain native species (Morris et al. 2011c), could make the sale of processed 

meat for cakes or burgers a possible avenue of focus, removing the size requirement for 

marketable fillet. 

Future management directions 

Regardless of whether or not demand increases to the point where fisheries develop, it 

is clear that eradicating lionfish will be impossible. As long as they remain a part of the 

ecosystem, then fishers could be included as a part of regional control strategies. 

Training in safe handling practices could not only mitigate some of the cost of increased 

handling time due to lionfish encounters, but also provide the tools that would allow 

fishers to harvest and sell or consume the fish. A training program could be incorporated 

into the new national Fisheries Improvement Project (FIP), implemented by the 

Bahamian Department of Marine Resources, in conjunction with the Bahamas Marine 

Exporters Association to help steer the Bahamian lobster fishery toward Marine 

Stewardship Council (MSC) certification. The creation of the FIP has laid the groundwork 

for inter-stakeholder infrastructure that could help mitigate the effects of invasive lionfish. 

If local governments and resource managers acknowledge the potential economic 

repercussions of the lionfish invasion, more money could be invested in bounty systems 

or other non-size-based incentives for lionfish capture, through the FIP and similar 

programs in other nations. These incentives would serve the dual purpose of culling 

lionfish and compensating fishers for the cost of dealing with lionfish rather than their 

preferred target species. 
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Supplements 

Table S2.1 Number of lionfish and lobsters and number of shelters occupied by 
each species at each of 23 sites off the southwest coast of New 
Providence Island, Bahamas. The number of dives made at each site 
is also included. 

Site Number of 
dives 

Number of 
lionfish 
shelters 

Total number 
of lionfish 

 Number of 
lobster 
shelters 

Total 
number of 
lobsters 

Anthony Bell 5 3 4  1 1 

BBC 6 4 5  4 4 

Clifton Wall 4 2 3  1 1 

David Tucker 7 6 6  3 3 

DC-3 4 2 2  0 0 

Hollywood Bowl 6 0 0  3 4 

James Bond 9 9 12  4 5 

Lampton Wall 2 2 2  0 0 

Mike’s Reef 8 6 10  5 5 

Nari Nari 2 0 0  1 1 

Palace Wall 4 2 2  2 2 

Playground 3 3 3  1 1 

Port Nelson 6 3 5  3 3 

Pumpkin Patch 4 6 12  0 0 

Ray of Hope 4 1 2  3 3 

Razorback 1 1 1  0 0 

Runway Wall 6 11 17  3 4 

Sand Chute 12 7 14  2 2 

Sea Viking 1 0 0  1 4 

Shark Arena 10 9 13  3 5 

SW Reef 3 2 3  1 1 

Tunnel Wall 5 1 1  2 2 

Willaurie 9 6 8  4 8 
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Table S3.1. Starting parameter values for an economic model estimating the cost 
to Abaco lobster fishers of behavioural changes when encountering 
lionfish at their lobster condos. Parameter values are also varied by 

±  25% to examine model sensitivity to each component. 

 

Variable 

 

Definition of terms 

  

Unit 

Mothership fishers 
(starting value) 

Inshore fishers (starting 
value) 

Bt        

dt Days fished per season days +25% (80) 100 (90) 113 

   -25%  60  60 

h Amount harvested per condo kg +25% (1.36) 1.70 (1.36) 1.70 

   -25%  1.02  1.02 

pLB Price of lobster $ kg-1 +25% (17.64) 22.05 (17.64) 22.05 

   -25%  13.23  13.23 

minstotal Time available per day minutes +25% (420) 525 (420) 525 

   -25%  315  315 

minstravel Travel time to fishing site minutes +25% (0) 0 (60) 75 

   -25%  0  45 

minsbetween Travel time between condos minutes +25% (3) 3.75 (3) 3.75 

   -25%  2.25  2.25 

minsLB Time to harvest lobster at each condo minutes +25% (5) 6.25 (5) 6.25 

   -25%  3.75  3.75 

Ct        

hp Engine power horsepower +25% (100) 125 (100) 125 

   -25%  75  75 

pfuel Price of fuel $ L-1 +25% (1.72) 2.15 (1.72) 2.15 

   -25%  1.29  1.29 

pfood Price of food $ +25% (20.00) 25.00 (10.00) 12.50 

   -25%  15.00  7.50 

pcondo Price of condo replacement $ +25% (80.00) 100.00 (80.00) 100.00 

   -25%  60.00  60.00 

nt Number of condos replaced per year condos +25% (150) 188 (150) 188 

   -25%  113  113 
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Table S3.2. Present value (PV) of net benefits (! t) to a typical Abaco mothership 
fisher over the next 20 years of their fishing career in three different 
lionfish scenarios where minsLF = 0, minsLF = 0.5, and minsLF = 1, 
using a 7% discount rate. Percentages illustrate the departure from 
the minsLF = 0 scenario under different adjustments of the input 
variables. Bolded terms are largest relative reduction and increase 

in PV of ! t with +25% and -25% changes in starting values. 

Variable – Unit (Starting value)  Value  Lionfish scenario  

   minsLF = 0  minsLF = 0.5  minsLF = 1  

Baseline run   779 189.75  724 879.84 (-7%) 676 604.38 (-13%) 

 

Bt 

        

dt – days (80) +25% 100 1 005 769.23 (+29%) 937 881.85 (+20%) 877 537.51 (+13%) 

 -25% 60 552 610.27 (-29%) 511 877.84 (-34%) 475 671.24 (-39%) 

h – kg (1.36) +25% 1.70 1 046 158.91 (+34%) 976 144.93 (+25%) 913 910.30 (+17%) 

 -25% 1.02 512 220.59 (-34%) 473 614.75 (-39%) 439 298.46 (-44%) 

pLB – $ kg-1 (17.64) +25% 22.05 1 046 158.91 (+34%) 976 144.93 (+25%) 913 910.30 (+17%) 

 -25% 13.23 512 220.59 (-34%) 473 614.75 (-39%) 439 298.46 (-44%) 

minstotal – minutes (420) +25% 525 1 010 006.84 (+30%) 942 119.45 (+21%) 881 775.12 (+13%) 

 -25% 315 548 372.66 (-30%) 507 640.23 (-35%) 471 433.63 (-40%) 

minstravel – minutes (0) +25% 0 N/A  724 879.84 (-7%) 676 604.38 (-13%) 

 -25% 0 N/A  724 879.84 (-7%) 676 604.38 (-13%) 

minsbetween – minutes (3) +25% 3.75 666 999.14 (-14%) 623 157.10 (-20%) 583 811.68 (-25%) 

 -25% 2.25 914 592.21 (+17%) 846 290.86 (+9%) 786 268.47 (+1%) 

minsLB – minutes (5) +25% 6.25 654 423.75 (-16%) 613 474.92 (-21%) 576 521.09 (-26%) 

 -25% 3.75 950 165.37 (+22%) 874 700.26 (+12%) 808 972.60 (+4%) 

Ct         

hp – horsepower (100) +25% 125 743 037.67 (-5%) 690 854.36 (-11%) 644 469.20 (-17%) 

 -25% 75 815 341.82 (+5%) 758 905.32 (-3%) 708 739.55 (-9%) 

pfuel – $ L-1 (1.72) +25% 2.15 742 926.44 (-5%) 690 749.67 (-11%) 644 370.32 (-17%) 

 -25% 1.29 815 230.59 (+5%) 758 800.63 (-3%) 708 640.68 (-9%) 

pfood – $ (20.00) +25% 25.00 774 952.14 (-1%) 720 642.24 (-8%) 672 366.77 (-14%) 

 -25% 15.00 783 427.36 (+1%) 729 117.45 (-6%) 680 841.98 (-13%) 

pcondo – $ (80.00) +25% 100.00 747 407.71 (-4%) 693 097.80 (-11%) 644 822.33 (-17%) 

 -25% 60.00 810 971.79 (+4%) 756 661.89 (-3%) 708 386.42 (-9%) 

nt – condos (150) +25% 188 746 983.95 (-4%) 692 674.04 (-11%) 644 398.57 (-17%) 

 -25% 113 810 548.03 (+4%) 756 238.13 (-3%) 707 962.66 (-9%) 
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Table S3.3. Present value (PV) of net benefits (! t) to a typical Abaco mothership 
fisher over the next 20 years of their fishing career in three different 
lionfish scenarios where minsLF = 0, minsLF = 0.5, and minsLF = 1. 
Percentages illustrate the departure from the minsLF = 0 scenario 
under different adjustments of the input variables. Bolded terms are 

largest relative reduction and increase in PV of ! t with +25% and -
25% changes in starting values. 

Variable – Unit (Starting value)  Value  Lionfish scenario  

   minsLF = 0  minsLF = 0.5  minsLF = 1  

Baseline run   1 094 238.28  1 017 969.34 (-7%) 950 174.73 (-13%) 

 

Bt 

        

dt – days (80) +25% 100 1 412 430.27 (+29%) 1 317 094.10 (+20%) 1 232 350.83 (+13%) 

 -25% 60 776 046.28 (-29%) 718 844.58 (-34%) 667 998.62 (-39%) 

h – kg (1.36) +25% 1.70 1 469 150.65 (+34%) 1 370 828.03 (+25%) 1 283 430.16 (+17%) 

 -25% 1.02 719 325.91 (-34%) 665 110.64 (-39%) 616 919.29 (-44%) 

pLB – $ kg-1 (17.64) +25% 22.05 1 469 150.65 (+34%) 1 370 828.03 (+25%) 1 283 430.16 (+17%) 

 -25% 13.23 719 325.91 (-34%) 665 110.64 (-39%) 616 919.29 (-44%) 

minstotal – minutes (420) +25% 525 1 418 381.26 (+30%) 1 323 045.08 (+21%) 1 238 301.82 (+13%) 

 -25% 315 770 095.29 (-30%) 712 893.59 (-35%) 662 047.63 (-39%) 

minstravel – minutes (0) +25% 0 N/A  1 017 969.34 (-7%) 950 174.73 (-13%) 

 -25% 0 N/A  1 017 969.34 (-7%) 950 174.73 (-13%) 

minsbetween – minutes (3) +25% 3.75 936 685.81 (-14%) 875 117.19 (-20%) 819 863.30 (-25%) 

 -25% 2.25 1 284 387.80 (+17%) 1 188 470.28 (+9%) 1 104 179.13 (+1%) 

minsLB – minutes (5) +25% 6.25 919 025.85 (-16%) 861 520.24 (-21%) 809 624.92 (-26%) 

 -25% 3.75 1 334 344.19 (+22%) 1 228 366.40 (+12%) 1 136 063.17 (+4%) 

Ct         

hp – horsepower (100) +25% 125 1 043 468.89 (-5%) 970 186.39 (-11%) 905 046.39 (-17%) 

 -25% 75 1 145 007.66 (+5%) 1 065 752.28 (-3%) 995 303.07 (-9%) 

pfuel – $ L-1 (1.72) +25% 2.15 1 043 312.68 (-5%) 970 039.36 (-11%) 904 907.53 (-17%) 

 -25% 1.29 1 144 851.45 (+5%) 1 065 605.26 (-3%) 995 164.21 (-9%) 

pfood – $ (20.00) +25% 25.00 1 088 287.29 (-1%) 1 012 018.35 (-8%) 944 223.74 (-14%) 

 -25% 15.00 1 100 189.27 (+1%) 1 023 920.33 (-6%) 956 125.72 (-13%) 

pcondo – $ (80.00) +25% 100.00 1 049 605.85 (-4%) 973 336.91 (-11%) 905 542.30 (-17%) 

 -25% 60.00 1 138 870.70 (+4%) 1 062 601.76 (-3%) 994 807.15 (-9%) 

nt – condos (150) +25% 188 1 049 010.76 (-4%) 972 741.81 (-11%) 904 947.20 (-17%) 

 -25% 113 1 138 275.60 (+4%) 1 062 006.66 (-3%) 994 212.05 (-9%) 

         



 

72 

P
e
rc

e
n
t 
c
h
a
n
g
e
 i
n
 p

re
s
e
n
t 
va

lu
e
 o

f 
n
e
t 
b
e
n
e
fi
t

!40

!20

0

20

40

m
in
s t
o
ta
l

h p L
B

d t
m
in
s L
B

m
in
s b
e
tw
e
e
n

m
in
s t
ra
ve
l

h
p

p f
u
e
l

n t
p c
o
n
d
o

B t C t

minsLF = 0
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Figure S3.1. Impact on present value of net benefits of fishing of increases (+25%; 
dark bars) and decreases (-25%; light bars) in the values of variables 
contributing to total benefit (Bt) or total cost (Ct) of fishing when 
lionfish are absent or there is no change in fisher behaviour in the 
presence of lionfish (Scenario 1, see Methods). Impact is expressed 
as percent change calculated in relation to the model run with all 
variables at their initial values (Table 3.1), which resulted in a 
present value of net benefit of $971,313.14 for a typical Abaco 
inshore fisher. 
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Table S3.4. Present value (PV) of net benefits (! t) to a typical Abaco inshore fisher 
over the next 20 years of their fishing career in three different 
lionfish scenarios where minsLF = 0, minsLF = 0.5, and minsLF = 1. 
Percentages illustrate the departure from the minsLF = 0 scenario 
under different adjustments of the input variables. Bolded terms are 

largest relative reduction and increase in PV of ! t with +25% and -
25% changes in starting values. 

Variable – Unit (Starting value)  Value  Lionfish scenario  

   minsLF = 0  minsLF = 0.5  minsLF = 1  

Baseline run   971 313.14  897 768.09 (-8%) 832 394.72 (-14%) 

 

Bt 

        

dt – days (90) +25% 113 1 165 161.87 (+30%) 1 172 821.97 (+21%) 1 090 742.07 (+12%) 

 -25% 68 690 240.45 (-29%) 634 673.08 (-35%) 585 279.86 (-40%) 

h – kg (1.36) +25% 1.70 1 332 835.78 (+37%) 1 238 024.69 (+27%) 1 153 748.17 (+19%) 

 -25% 1.02 609 790.50 (-37%) 557 511.49 (-43%) 511 041.26 (-47%) 

pLB – $ kg-1 (17.64) +25% 22.05 1 332 835.78 (+37%) 1 238 024.69 (+27%) 1 153 748.17 (+19%) 

 -25% 13.23 609 790.50 (-37%) 557 511.49 (-43%) 511 041.26 (-47%) 

minstotal – minutes (420) +25% 525 1 335 974.00 (+38%) 1 240 978.31 (+28%) 1 156 537.70 (+19%) 

 -25% 315 606 652.28 (-38%) 554 557.87 (-43%) 508 251.73 (-48%) 

minstravel – minutes (60) +25% 75 897 460.43 (-8%) 826 979.75 (-15%) 764 330.27 (-21%) 

 -25% 45 1 045 165.86 (+8%) 968 556.43 (0%) 900 459.16 (-7%) 

minsbetween – minutes (3) +25% 3.75 819 387.55 (-16%) 760 017.81 (-22%) 706 737.27 (-27%) 

 -25% 2.25 1 154 671.61 (+19%) 1 062 179.71 (+9%) 980 898.96 (+1%) 

minsLB – minutes (5) +25% 6.25 802 358.30 (-17%) 746 906.46 (-23%) 696 864.55 (-28%) 

 -25% 3.75 1 202 843.85 (+24%) 1 100 650.98 (+13%) 1 011 644.29 (+4%) 

Ct         

hp – horsepower (100) +25% 125 900 598.64 (-7%) 829 933.37 (-15%) 767 119.80 (-21%) 

 -25% 75 1 042 027.64 (+7%) 965 602.81 (-1%) 897 669.64 (-8%) 

pfuel – $ L-1 (1.72) +25% 2.15 900 381.06 (-7%) 829 724.65 (-15%) 766 918.95 (-21%) 

 -25% 1.29 1 041 810.06 (+7%) 965 394.09 (-1%) 897 468.79 (-8%) 

pfood – $ (10.00) +25% 12.50 967 965.71 (0%) 894 420.66 (-8%) 829 047.28 (-15%) 

 -25% 7.50 974 660.58 (0%) 901 115.52 (-7%) 835 742.15 (-14%) 

pcondo – $ (80.00) +25% 100.00 926 680.72 (-5%) 853 135.67 (-12%) 787 762.29 (-19%) 

 -25% 60.00 1 015 945.57 (+5%) 942 400.51 (-3%) 877 027.14 (-10%) 

nt – condos (150) +25% 188 926 085.62 (-5%) 852 540.57 (-12%) 787 167.19 (-19%) 

 -25% 113 1 015 350.47 (+5%) 941 805.42 (-3%) 876 432.04 (-10%) 
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Appendix A.  
 
Survey administered to Abaco fishers 

 

Impact of Lionfish on Bahamian Fishers 

1. Demographic information 

a) Location of the interview __________________ 

b) What is your age? _______ 

c) Where do you live? __________________ 

d) Right now, including you, how many people are sleeping under your roof?  

e) How many years of formal education do you have?  _______ 

 

2. Establishing baselines 

a) How long have you been a fisher?  _______ 

b) What size vessel do you operate?  __________________ 

c) Do you use a logbook to keep a record of your catches?  ( ) Yes   ( ) No 

  

What are the main types of fishing gear that you use and how many? 

Gear type (circle all that apply) Number owned or used 

Traps  

Condos  

Compressors  

Nets  
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Hawaiian sling  

Other___________________________  

Other___________________________  

 

3. Where do you get your gear? 

( ) Store  ( ) Build it ( ) Borrow from friends or colleagues  ( ) Other___________ 

 

4. What are the top 3 species that you generally target? 

__ Lobster __Grouper __Conch __ Snappers __ Grunts __ Jacks 

__ Other  __ Other  __Other 

 

5. Other than the top 3, what other species do you target? 

 

6. Does your targeting of species change in a good or bad fishing year? 

 

7. Has your fishing approach changed at all in the past few years? 

( ) Changed gear types ( ) Bought more gear  ( ) Changed target species 

( ) Fish more   ( ) Fish less   ( ) Hired more crew   

( ) Other____________ ( ) Hasn’t changed 

 

8. Are these changes tied to the presence of lionfish in any way? 

 

9. Where do you fish? Where do you land your catch? 
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10. How long does it take to bring a typical catch on board and sort it? What do you do 
with it? Is the time to land affected by the presence of lionfish? 

Species Time to bring on board End use Affected by lionfish? 

Lobster    

Grouper    

Conch    

Snappers    

Grunts    

Jacks    

Other______________    

Other______________    

Other______________    

 

11. What do you feel are the most pressing problems in the fishing industry? Can you 
rank your top 3? 

__ Poaching __ Lionfish __ Overregulation __ Too many boats 

__ Other  __ Other  __ Other 

 

12. Do you remember when you first noticed lionfish? 
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13. How has the presence of lionfish had an impact on your livelihood as a fisher?  Have 
you been required to adjust your fishing activities as a result of the introduction of lionfish 
(e.g. reduce fishing time and take on alternative employment)? 
 

14. Do you plan to make any changes in your livelihood (fishing and other) in the next 
five years?  If so, is this tied to the introduction of lionfish in any way? 

 

15. Are you keeping lionfish? If so, what are you doing with them? If not, why not? 

( ) Yes   Keep because: ( ) eat  ( ) sell  ( ) pet  ( ) other_________ 

( ) No   No because: ( ) venomous  ( ) no market  ( ) other________ 

What is a minimum price per pound for lionfish that would make it worth it for you to land 
them? $______ 

 

16. Compared to 1999-2004 have you noticed any changes in the abundance of native 
fish species from 2005-2010? 

Declined 
dramatically 

Declined 
somewhat 

Stayed the 
same 

Increased 
somewhat 

Increased 
dramatically 

1 2 3 4 5 

If there is a change, why do you think this is? 

 

17. Compared to 1999-2004, have you noticed any changes in the abundance of lobster 
from 2005-2010? 

Declined 
dramatically 

Declined 
somewhat 

Stayed the 
same 

Increased 
somewhat 

Increased 
dramatically 

1 2 3 4 5 

If there is a change, why do you think this is? 
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17. Over your career, have you noticed a change in the amount of lobster you’re able to 
catch with the same amount of effort? 

Catch way less Catch a little 
less 

Stayed the 
same 

Catch a little 
more 

Catch a lot 
more 

1 2 3 4 5 

If there was a decline, was it consistent? Did catches get lower and lower over time? 

 

18. Thinking of a really good fishing year, please describe: 

What species 
do you catch? 

How many days do you 
spend fishing in a week 
and how much gear do 
you use? In the 
hurricane season and 
in the non-hurricane 
season? 

In a given month, how 
many days do you not 
fish because of 
weather in the 
hurricane and non-
hurricane seasons? 

What is the 
estimated total 
weight of species 
landed each week in 
the hurricane and 
non-hurricane 
seasons?  
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19. Thinking of an average fishing year, please describe: 

What species 
do you catch? 

How many days do you 
spend fishing in a week 
and how much gear do 
you use? In the 
hurricane season and 
in the non-hurricane 
season? 

In a given month, how 
many days do you not 
fish because of 
weather in the 
hurricane and non-
hurricane seasons? 

What is the 
estimated total 
weight of species 
landed each week in 
the hurricane and 
non-hurricane 
seasons?  

 

 

   

 

20. Thinking of a bad fishing year, please describe: 

What species 
do you catch? 

How many days do you 
spend fishing in a week 
and how much gear do 
you use? In the 
hurricane season and 
in the non-hurricane 
season? 

In a given month, how 
many days do you not 
fish because of 
weather in the 
hurricane and non-
hurricane seasons? 

What is the 
estimated total 
weight of species 
landed each week in 
the hurricane and 
non-hurricane 
seasons?  

 

 

   

 

21. Now, in relation any major events that stand out for you, can you recall the last bad 
year and the last really good year? 
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22. In the last 10 years, what was the mix of really good years and bad years? In the last 
few years, has there been a change in the relative number of each? 

 

23. Is there anything else about fishing or lionfish that you’d like to share with me? 

 

24. If you don’t mind me asking, how much money would you say you make in an 
average year from selling your catch? In a good year? In a bad year?  

( ) $0 - $5,000   ( ) $5,001 - $10,000  ( ) $10,001 - $15,000  

(  ) $15,001 - $20,000  ( ) $20,001 - $25,000  ( ) $25,001 - $30,000 

( ) $30,001 - $35,000  ( ) $35,001 - $40,000  ( ) $40,001 - $45,000 

( ) $45,001 - $50,000  ( ) $50,001 - $55,000  ( ) $55,001 - $60,000 

( ) > $60,000  ( ) Prefer not to answer 

 

25. Do you earn any income from other sources? In a good fishing year or bad fishing 
year, does this amount change? 

( ) $0 - $5,000   ( ) $5,001 - $10,000  ( ) $10,001 - $15,000  

(  ) $15,001 - $20,000  ( ) $20,001 - $25,000  ( ) $25,001 - $30,000 

( ) $30,001 - $35,000  ( ) $35,001 - $40,000  ( ) $40,001 - $45,000 

( ) $45,001 - $50,000  ( ) $50,001 - $55,000  ( ) $55,001 - $60,000 

( ) > $60,000  ( ) Prefer not to answer 

 

26.  Are you willing to answer follow-up questions in the future if we have them? 
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