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Abstract: The Caribbean spiny lobster Panulirus argus is the most valuable fishery resource 

in Cuba because of its economic relevance. It also constitutes the most important single-

species target with 20.3% of total Cuban landings in 2013-2015. The stock assessment is 

based on substantial available biological and fishery information. The systematic 

multidisciplinary research allows the implementation of an adaptive management system 

taking a precautionary approach with ecosystem-based actions. Because of the combined 

effects of climatic factors and coastal development, habitat loss has permeated the coastal 

marine ecosystem in Cuba resulting in a reduction in carrying capacity, constraining the 

success of recruitment and therefore the subsequent abundance and catches of the spiny 

lobster. Consequently, landings decreased 55%, from 12,462 t (average for 1984/1985 – 

1988/1989 fishing seasons) to 5,564 t (average for 2011/2012 – 2015/2016 fishing seasons), 

while the fishing effort decreased 57% from 45,963 to 19,764 fishing days during the same 

period. The status of the fishery shows a conservative fishing mortality rate adapted to the 

worst current scenario of unfavorable environmental conditions. Fully exploited, the current 

level of exploitation appears to be adequate to maintain a sustainable status of the spiny 

lobster population according to the reduced current carrying capacity of the Cuban seascape. 

Key words: Panulirus fishery; effort reduction; stock assessment; anthropogenic impact; 

tropical cyclones. 
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Introduction 

The Caribbean spiny lobster Panulirus argus is the most valuable fishery resource in Cuba 

because of its economic relevance (Puga et al., 2005). It is also the most important single-

species target with 20.3% of total Cuban landings in 2013-2015 (Puga et al., 2018). 

“The Ministry of the Food Industry (Ministerio de la Industria Alimentaria, or MINAL) is the 

government agency responsible for all production and management of fishery resources. 

Thus, the fisheries of Cuba are state owned and managed under a centralized system. The 

Fisheries Research Center (Centro de Investigaciones Pesqueras or CIP) is the scientific 

branch of MINAL, responsible for generating the necessary technical support for fishery 

management. CIP proposes regulations to the Directorate of Fishing Regulations. After the 

Advisory Commission on Fishing has analyzed and approved these regulations, they are 

submitted to the Minister of MINAL. Regulations approved by MINAL are published by decree 

law and controlled by the National Inspection Office” (Puga et al., 2018). 

To accomplish its mission, CIP has a research project on stock assessments for sustainable 

fisheries management, with a multidisciplinary team of researchers. Workshops on stock 

assessments and fishery management are held annually with specialists from several 

institutions and fishery enterprises, to analyze the status of the stocks and recommend the 

regulatory measures for each fishing season. An example of this procedure for the 

implementation of Total Allowable Catch (TAC) for the lobster fishery is presented by Puga 

and Alzugaray (2013). As a result of the workshops, technical reports are written, but most of 

the stock assessment results are published in peer-reviewed scientific journals. 

The spiny lobster stock assessment in Cuba is based on substantial available information such 

as: compulsory daily reports of catch and efforts statistics by boats, monthly biological 

monitoring in several sampling points in the lobster distribution areas, and monthly commercial 

weight categories statistics from the processing plants.  

As revised by Alzugaray et al. (2018): “Historically, assessments of the spiny lobster resource 

in Cuba have been based on several types of analysis: yield-per-recruit analysis (Puga et al., 

1995); surplus-production models (Puga et al., 2003); Delury depletion model (González-

Yáñez et al., 2006); virtual population analysis (VPA) (Puga et al., 1996, Alzugaray and Puga 

2012); dynamic age-structured bioeconomic models (Puga et al., 2005); and statistical catch-
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at-age incorporating environmental indices (Puga et al., 2010, 2013)”. 

A combined analysis of yield-per-recruit (YPR), spawning biomass-per-recruit (SBPR), and 

stock-recruitment (S-R) relationship has been used to estimate equilibrium conditions at fixed 

levels of fishing mortality rate (F), including environmental indices. This approach allows 

Reference Points for fishery management to be determined like Maximum Sustainable Yield 

(MSY), the fishing mortality rate for MSY (FMSY), the fishing mortality rate at which the slope of 

the yield per recruit curve, as a function of fishing mortality, is 10% of its value at the origin 

(F0.1), and the fishing mortality rate at which the Spawning Potential is 40% related to the 

unfished state (F40%). 

All the stock assessment results are based on a wide knowledge about the life history traits 

obtained by multiple researches such as: Cruz (1980), Cruz et al. (1981), Cruz and de León 

(1991), Cruz et al. (1991), Hernández et al. (1995), de León et al. (2005), de León et al. (2013) 

and Martin et al. (2017). 

The objective of this report is to analyze and discuss the evolution and status of the Cuban 

spiny lobster fishery, mainly based on the best scientific evidence available in books and peer-

reviewed scientific journals. 

Status and causes 

In a technical report, based on comparisons of catch and effort statistics among different 

periods, Buesa (2018) concluded about the status of the Cuban spiny lobster fishery: 

“Excessive fishing effort, driven by the international commercialization of spiny lobsters as a 

hard currency source for the Cuban government, is the fundamental cause for this fishery 

decline”. 

Costello et al. (2012) pointed out that “the literature includes widespread speculation on 

fisheries status because of considerable ecological, social, and food security implications. One 

approach relies on indirect measures of fishery status, but these approaches have many 

potentially confounding explanations. For example, declining catch is a necessary but not 

sufficient indicator of collapsed fisheries, resulting in unreliable estimates of stock status”. 

Some relevant related definitions can be found in NOAA (2016): “MSY: The largest long-term 

average catch that can be taken from a stock under prevailing environmental and fishery 

conditions. Fishery management plans must specify objective and measurable criteria, or 
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reference points, to determine when a stock is subject to overfishing or overfished. A scientific 

analysis of the abundance and composition of a fish stock and the rate of fishing mortality is 

called a stock assessment. Typically, a stock assessment undergoes peer review by 

independent scientists before it is accepted as the best scientific information available. As a 

population size, overfished can be the result of many factors, including overfishing, and also 

habitat degradation, pollution, climate change, and disease. While overfishing is sometimes 

the main cause of an overfished stock, these other factors can also play a role and may affect 

the stock’s ability to rebuild”. 

Perhaps the best concise analysis about the status of the spiny lobster fishery in Cuba is 

presented by Baisre (2018) in his overview of Cuban marine fisheries: “The lack of recovery 

of the spiny lobster population after the adoption of strong regulatory measures and the 

reduction of fishing effort is noteworthy. After several decades of increased exploitation, the 

spiny lobster fishery reached its peak in 1985 and then catches declined at a rate of 2.2% per 

year. Although this decline appears to be a classic example of overfishing, it has been 

hypothesized that the decrease was due to damage caused to the lobster nursery areas by 

the Category 5 Hurricane Gilbert, which crossed close to the Cuban southern coast in 1988 

(Baisre and Cruz 1994). Yet two decades after Gilbert and the adoption of strong regulatory 

measures, including the reduction of fishing effort (Puga et al. 2005, 2006), the Cuban spiny 

lobster fishery, once considered to be among the best-managed fisheries in the world (Baisre 

and Cruz 1994), continues to be depleted.  

It appears that the catch decrease is the result of various concomitant factors. Buesa (2012), 

for example, suggested that the decline of lobster catches in Cuba (and the Caribbean region) 

was caused by overfishing rather than hurricanes, but whereas this researcher analyzed the 

linear correlations existing between the presence of hurricanes and landings data, he 

overlooked the possible influence of hurricanes on critical habitats, such as spiny lobster 

nursery areas, which might have a lagged and nonlinear effect on future lobster catches. 

Ehrhardt et al. (2011) stressed that, despite strict regulations in Cuba and Florida’s spiny 

lobster fisheries, low production has not been averted, emphasizing the apparent loss of 

critical habitats as an important factor to be considered in future stock assessments and 

management. Although there was a decline in fishing effort in the spiny lobster fishery since 

1984, reaching the lowest values in 1990–1993, when the collapse of Cuban economy 

drastically reduced fuel imports, a combined population model (Puga et al. 2013) showed that 
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the reduction of recruitment and declining lobster catches could be a result of the synergist 

effects of the anthropogenic reduction of fresh water and nutrients to the coastal zone, together 

with the potential physical damage of tropical cyclones (quantified not as the presence of 

hurricanes but as the Power Dissipation Index following the methodology of Emanuel, 2005). 

The drastic reduction of nutrient input from agricultural fertilizers to rivers after the decline of 

imports from the Soviet Union (Baisre 2006) may have combined with river damming to reduce 

nutrient input to coastal areas (Baisre and Arboleya 2006)” where the nursery process of spiny 

lobster occurs (de León et al., 1991). 

Regarding the effect of tropical cyclones, Caputi et al. (2013) referred: “Hurricane Gilbert 

(1988) has been identified as having a significant impact on juvenile mortality in Cuba and the 

recent increase in frequency and intensity of hurricanes in the region may have affected 

catches. In the Caribbean region the frequency of hurricanes increased three times more 

during 1995 – 2005 than previous years, with Cuba showing the highest frequency. These 

hurricanes have been shown to have negative impacts on the coastal and marine habitats by 

breaking coral, sponges and mangrove trees”. 

Briones-Fourzán and Lozano-Álvarez (2013) highlighted the effects of habitat loss: “The 

impacts of coastal development, which includes activities such as construction, agriculture, 

aquaculture, and hydrological alterations, can permeate an entire coastal marine ecosystem, 

especially in tropical areas with oligotrophic waters. For example, in Cuba, the extensive 

construction of dams and highways in the 1990s interrupted the natural run-off of nutrient rich 

fresh water to the coastal areas, significantly impacting the nursery habitats of P. argus. 

Because habitat loss reduces the carrying capacity of a seascape, there might be a critical 

threshold level of habitat below which Allee effects come into play. If these effects become 

strong, a population might no longer have the ability to reach or maintain itself at the carrying 

capacity of the remaining habitat”. 

Arias-Schreiber et al (2008) found that adverse changes have occurred in the benthic 

assemblages in the areas of southwest Cuba with a great reduction in species diversity and 

seagrass coverage. Martínez-Daranas and Suárez (2018) documented reduction in seagrass 

coverage in other areas because of coastal development. Also, the prey abundance of juvenile 

lobsters and shrimps has been significantly reduced in the nursery areas to less than 20% 

compared to the 1980’s (Lopeztegui-Castillo and Capetillo-Piñar, 2008; Cantón-Machín et al., 



6 
 

2010), a fact that could be a signal of the reduction in the carrying capacity of the Cuban 

seascape, constraining the success of the recruitment and therefore the subsequent 

abundance and catches of lobsters, shrimps and other commercial species. 

The impacts of tropical cyclones and anthropogenic factors like damming on the Cuban spiny 

lobster fishery, have been evaluated by Piñeiro et al. (2006, 2013), Puga et al. (2009, 2010, 

2013), and Alzugaray et al. (2016, 2018). The additional and drastic impact of causeways in 

the Northeastern shelf, have also been addressed by Puga et al. (2009), Morales (2014), 

Cobas et al. (2012), Betanzos-Vega et al. (2013), Valle et al. (2015) and Cobas (2017). One 

relevant conclusion is that the spiny lobster recruitment success has significantly decreased 

because of the unfavorable environmental changes over time. 

Based on all of this research, the spiny lobster fishery in Cuba is managed by precautionary 

approach through ecosystem-based actions and with an adaptive management strategy 

through some input, output and biological controls (Puga et al., 2013). The main regulatory 

measures for spiny lobster are: limited entry regime for state fleets (non-state fishers are not 

authorized to catch spiny lobster), territorial rights to fishery enterprises (TURFS), gear 

restrictions, permanently closed areas to protect juveniles and spawners, a prohibition on 

taking berried females, an increase of minimum legal size from 74 to 76 mm carapace length 

(CL) since 2007, a maximum legal size of 140 mm CL for females since 2008, an increase of 

the closed season from 118 to 135 days since 2010 and a Total Allowable Catch (TAC) by 

fishing area since 2008 which is set annually at the very conservative Reference Point F40%, 

depending on the previous stock assessment taking into account the effects of tropical 

cyclones and coastal habitat degradation on spawning stock and or recruitment.   

Phillips et al. (2013) recognized the major changes in management measures in the spiny 

lobster fishery in Cuba which included: “drastic reduction in the number of vessels from 1980–

89 to 2010, a decrease in days of fishing and the increased in the closed during the same 

period. The assignment of fishing zones, boats, fishermen and industrial plants is an important 

feature of the Cuba lobster fishery. A strategic biological catch and effort quota is used to 

control fishing capacity”.   

The most recent research on Cuban spiny lobster fishery (Alzugaray et al., 2018) updates the 

issue of the environmental effects and includes a new approach considering the Illegal, 

Unreported and Unregulated Fishing (IUUF). 
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IUUF is a worldwide problem for fisheries management. Agnew et al. (2009) presented a 

global estimate of 23% for total species and around 30% for spiny-rock lobsters. Alzugaray et 

al. (2018) estimate a gradual increment in IUUF from 4% in 1996 to 18% in 2015 for the Cuban 

spiny lobster fishery and Cuba has signed the FAO Agreement on the Port State Measures to 

Prevent, Deter and Eliminate the Illegal, Unreported and Unregulated Fishing, as soon as the 

Agreement entered into force in 2016. IUUF is a major regional problem for the P. argus 

fishery. Buesa (2018) stated that only juvenile harvest represents about 25% of all P. argus 

landings in its distribution area.  

Some relevant outcomes from Alzugaray et al. (2018) research are:  

A significant reduction in the effective fishing effort and in the fishing mortality rate since 1999, 

even considering the illegal effort estimated (Figures 1 and 2).  
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Figure 1. Annual series of landings and fishing effort of Cuban spiny lobster fishery. (A) Annual official 
catch (columns) and fishing effort (solid line). (B) Annual estimates of illegal spiny lobster fishing. 
Confiscated catch (black columns), illegal catch estimated (gray columns), and illegal effort estimated 
(solid line). (Alzugaray et al., 2018). 

 

 

 
Figure 2. Semi-observed (dots) and predicted (solid line) fully recruited fishing mortality with confidence 
intervals, and fishing effort (dashed line) for the spiny lobster in Cuba for the total model (B) considering 
IUUF. (Alzugaray et al., 2018). 

 

The status of the fishery (Fig. 3) shows a conservative fishing mortality rate (F) since 2003, 

lower than FMSY for the worst current scenario (unfavorable environmental conditions with 

illegal fishing) and a very precautionary F at least since 2007. Currently, this fishery is in the 

recovery phase, as reflected in catch stabilization and positive trends in population estimates, 

recruitment, and stock size in recent years. Fully exploited, current levels of exploitation 

appear to be adequate to maintain the status of the spiny lobster population (Alzugaray et al., 

2018). 
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Figure 3. Equilibrium curves of catch in weight (Y) as a function of fishing mortality rate (F) for three 
levels of environmental conditions for the spiny lobster fishery in Cuba for the total model (B) 
considering IUUF. Gray line with dots = observed yield; the numbers represent the last two numbers 
of some years. Vertical lines from left to right: F0.1, FMSY Unfavorable, FMSY Average, FMSY Favorable. 
(Alzugaray et al., 2018). 

 

Including IUUF, Cuban landings decreased 55%, from 12462 t (average for 1984/1985 – 

1988/1989 fishing seasons) to 5564 t (average for 2011/2012 – 2015/2016 fishing seasons), 

while the fishing effort decreased 57% from 45963 to 19764 fishing days during the same 

period.  

The variations in the Reference Points for different periods, related to the prevailing 

environmental conditions, is obvious in Figure 3, where it also could be noted that the fishing 

mortality rates since 1999 do not produce yields corresponding to similar fishing mortality rates 

during previous years. 

In a similar way, after the collapse of the spiny lobster P. marginatus because of the regime 

shift in the Hawaiian Archipelago, the fishing effort was greatly reduced in subsequent years 

without recovery. Even areas which never open to lobster fishing, experienced the same 

collapse in recruitment and subsequent decline in the spiny lobster population (Polovina, 

2005). Therefore, it was decided that overfishing was not the cause for the decline, so the 

managers chose to continue the fishery at exploitation rates with low risk of overfishing, based 

on population dynamics model results which include the environmental effects. 
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Perhaps the most recent and impressive example about a regimen shift impact in a lobster 

fishery, is the case of the western rock lobster (P. cygnus) fishery of Western Australia. 

Puerulus settlement in this species has remained below average for seven consecutive years 

(2006/2007–2012/2013), related to high water temperatures at the time of the onset of 

spawning (de Lestang et al. 2015).  

As result, the Total Allowable Effort (TAE) has been significantly reduced and the conversion 

of the fishery from a TAE to a very conservative Maximum Economic Yield TAC has had a 

significant economic benefit and simplified the management arrangements in the fishery. This 

TAC has also minimized the inherent risks of this control system where the catch available 

can be highly variable, and overestimates of stock abundance can lead to breeding stock 

depletion (Caputi et al., 2015; Penn et al., 2015). 

This fishery produced around 11500 t annually during the early 2000s, although the catches 

have been significantly reduced by 52% due to management actions to around 5500 t since 

2008/2009 to adjust for lower recruitment resulting from environmental changes. This fishery 

has a long history of research and successful management, and was certified by the Marine 

Stewardship Council in 2000. 

 Conclusions 

Because of the combined effects of climatic factors and coastal development, the habitat loss 

has permeated the coastal marine ecosystem in Cuba toward a reduction in the carrying 

capacity, constraining the success of the recruitment and therefore the subsequent abundance 

and catches of the spiny lobster. 

Based on multidisciplinary research, the fishery for spiny lobster in Cuba is adaptively 

managed and takes a precautionary approach through ecosystem-based actions.  The status 

of the fishery shows a conservative fishing mortality rate adapted to the worst current scenario 

of unfavorable environmental conditions. Fully exploited, the current level of exploitation 

appears to be adequate to maintain a sustainable status of the spiny lobster population 

according to the current diminished carrying capacity of the Cuba seascape. 
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