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Abstract 

The Jamaican industrial spiny lobster fishery is one of Jamaica’s most valuable 

fisheries, second only to queen conch. Irrespective of this, the fishery has had zero 

fishery-independent surveys of its stock to ascertain a biomass estimate, resulting in the 

spiny lobster fishery not having an established  Total Allowable Catch (TAC). This 

project aims to determine if Jamaica’s industrial spiny lobster fishery landings are 

sustainable by calculating a maximum sustainable yield (MSY), maximum economic 

yield (MEY), and finally, determine the ideal measure of effort to be utilised in its 

management. A bio-economic model was developed using an estimate of biomass from a 

fishery-independent survey. This biomass estimate was employed to calibrate the 

Schaeffer production model, which yielded growth parameters that were applicable 

within six (6) years of landing data (2015 to 2021) to determine the spiny lobster fishery 

reference points. The number of trap days was the best measure of effort for managing 

the spiny lobster fishery, of which the fishery reference points are MSY of 323 mt, a 

MEY of 314 mt at a maximum of 1400 traps and thirteen (13) days per trip. However, 

Jamaica’s annual spiny lobster fishery landings average 301 mt over the last six (6) years. 

Though the fishery does not appear to be overfished, illegal, unreported and unregulated 

(IUU) fishing is a significant and unaccounted for issue. Therefore, it is advised that 

Jamaica’s fisheries regulatory body implement a TAC set at 314 mt through an individual 

quota (IQ) system to safeguard the long-term sustainability and profitability of the 

fishery. 
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1  Introduction  

1.1 Rationale and objectives 

The Jamaican spiny lobster fishery was last analysed by Morris (2010) using the 

1997-2007 industrial spiny lobster fishery data set. He deduced that the fishery was 

overcapitalised and that a rights-based system would be the best option for its 

management. Morris (2010) utilised a bioeconomic model to analyse the industrial spiny 

lobster fishery. Unfortunately, the government of Jamaica has taken no measures to 

address the findings of this study.  

Historically, the spiny lobster fishery has been one of Jamaica’s top-producing 

fisheries, second only to the queen conch with annual exports of around 190 mt. Its 

importance was further elevated recently due to the closure of the queen conch fishery in 

2019. As a result of this closure, the industrial fishers relied upon the fishery more 

heavily for income. It then became a priority for the authorities to better understand the 

fishery's bioeconomic indicators, including biomass, catch, and profits with respect to 

levels of effort.  This resulted in the conducting of a three-year spiny lobster abundance 

survey initiated in 2020 on Jamaica’s main fishing ground, the Pedro Bank. This study 

will build on previous fishery-dependent assessments using fishery-dependent data from 

2015 to 2021 and incorporate a  fishery-independent analysis from the 2020 survey. The 

sum of this analysis is aimed at answering the following research questions: 

i. What are the maximum sustainable yield (MSY) and maximum economic yield 

(MEY) of the Jamaican industrial spiny lobster fishery? 

ii. What is the best policy decision for ensuring its sustainability and profitability? 

 

The objectives: 

1. To develop a bioeconomic model to answer the above research questions. 

2. To develop management recommendations for the Jamaican industrial spiny 

lobster fishery. 
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1.2 Biology and life cycle of spiny lobster 

The Caribbean spiny lobster, Panulirus argus, occurs in tropical and subtropical 

environments and has a five-stage life cycle: adult, egg, larva (phyllosoma), puerulus, 

and juvenile (Figure 1).  

 

Figure 1: The Spiny Lobster's Life Cycle. (Leahy, 2010) 

The post-larval and early juvenile stages live in shallow waters, preferring protected 

areas such as coastal margins, mangrove and seagrass beds (Chakalall & Cochrane, 

2007). Adults can be found at depths of at least 100 meters in rocky environments and 

coral reefs (Munro, 1974). Spiny lobsters are distinguished by their rounded head 

(carapace), forward-facing spines, large rostral horns, and lengthy spiny antennae. Young 

juveniles exhibit a broad range of body colours, ranging from brown, purple, and black; 

however, in adults, colours range from brown, light grey, and red (Marx & Herrnkind, 

1985).  

Spiny lobsters display sexual dimorphism, with males having more extensive and 

heavier carapaces and females having lighter and shorter tails (Munro, 1974). Growth in 

the first year is approximately 5 cm each year, although it can reduce significantly to an 

average of 2.5 cm (Martin-Murray, 2009). Temperature and population density in the 

local environmental impact growth and moulting, and younger individuals are more 

likely to experience them (Marx and Herrnkind, 1985).  

Females achieve sexual maturity at 7.8 to 8.3 cm carapace length; during mating, 

males deposits a waxy spermatophoric mass on the female's sternum (Marx and 

Herrnkind, 1985). Later, females transfer the eggs across the spermatophore, allowing 

fertilisation to occur (Marx and Herrnkind 1985). Females move to deeper waters to 
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spawn after approximately four weeks of fertilisation and incubation (Munro 1974).  

Spawning occurs mainly between February and August, but some spawning occurs 

throughout the year (Marx and Herrnkind, 1985; Munro, 1974), typically temperatures 

around 24oC (Lyons 1980). The number of eggs that a female can carry ranges between 

2000 to 2500 (Fonseca-Larios & Briones-Fourzan, 1998). 

Planktonic larvae develop in the Caribbean for 6 to 10 months (Alfonso et al., 1991). 

The larva (XI stage) will migrate towards the coast in 4 to 8 days after metamorphosis to 

the puerulus stage, where its carapace length (CL) is 0.56 cm (Butler & Herrnkind, 

1991). Maximum settlement periods are August to December (Cuba, Mexico Caribbean, 

Jamaica, Antigua, Costa Rica and Bermuda) and February to March (Florida Keys). The 

puerulus settle on surfaces coated in red macroalgae clones, Laurencia spp (Marx & 

Herrnkind, 1985). The puerulus metamorphoses into the post puerulus stage or algal 

phase after settlement, with sizes ranging from 0.61 to 1.65 cm CL (between 2 and 5 

months). Between 8 and 11 days after settlement, the post puerulus transforms into the 

juvenile stage. At about 2.0 – 2.8 years of age, juveniles are recruited into fisheries 

between 7.6 and 7.7 cm CL (Butler & Herrnkind, 1997).  

Because of the species' vast range, great fecundity, and year-round reproductive 

activity, a continual supply of larvae is disseminated across the region (see Table 1). The 

largest larval populations have been documented south of Cuba, in the Yucatan Strait's 

entrance, east of Belize, north of Honduras, north of Venezuela, in the Florida Straits, 

and in the Bahamas' Viejo Canal (Alfonso et al., 1991).  
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Table 1: Time intervals of spiny lobster pueruli settlement over the Caribbean Region (Meggs et al., 2010) 

 

1.3 Study site 

Jamaica is one of the three major Caribbean islands, Greater Antilles (Figure 2), with 

a land area of 10,991 km2, located 145 km south of Cuba and 161 km west of Haiti. 

Jamaica has an estimated maritime space that is 25 times the size of the main island. 

Jamaica's coastline is made mainly of mangroves, seagrass beds, and coral reefs, which 

account for 90 per cent of marine fisheries but less than 15 per cent of maritime area 

(Cooke-Panton, 2014). 
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Figure 2: Jamaica's location within the Caribbean. source: CFRAMP (2000, as cited in Hutchinson & 

Girvan, 2021) 

The Jamaican spiny lobster fishery is located in the Caribbean Sea, with fishing 

taking place to the south of the island on banks such as Pedro Bank, Morant Bank, and 

Formigas Bank (Haughton & King, 1992) (Figure 3). On the other hand, Pedro Bank is a 

significant fishing ground that accounts for roughly 60% of all landings in the industrial 

fishery (Fisheries Division pers. comm. 2021). The industrial fleet concentrates its 

fishing effort between the 20 m and 40 m depth (Figure 4). For this study, the depth 

zones of interest are 10 m, 20 m, and greater than 20 m. 
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Figure 3: Important spiny lobster fishing grounds in Jamaica; A - Pedro Bank, B -Morant Bank, C - 

Formigas Bank; (Cooke-Panton, 2014) 

 

 

Figure 4: Depth zones located on the Pedro Bank. white polygon = 10 m, pink line = 20 m, yellow line = 

30 m and red line = 40 m depth contour. (NFA, 2021; Google, 2015) 

 

1.4 Importance of the spiny lobster fishery 

The spiny lobster stock supports the region’s most economically important fisheries 

(Ehrhardt et al., 2011), engaging more than 32,000 fishers in 25 countries (Chavez, 

2007). Open-access and unregulated management systems are standard within the region, 

except in Florida, Mexico, Cuba, and Belize (Chakalall & Cochrane, 2007; Ehrhardt et 

al., 2009; WECAFC, 2007), where frequent stock assessments are conducted and catch 

controls are utilised.  
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Overcapitalisation and overexploitation are conditions that affect both managed and 

unmanaged fisheries (Chakalall, & Cochrane, 2007; WECAFC, 2007). Biological 

controls which govern the Jamaican spiny lobster fishery include size limits, reproductive 

stage limits, gear limits, vessel limits, and seasonal closures (Cooke-Panton, 2014). Total 

Allowable Catch (TAC) is not being utilised in this fishery, which could aid in harvest 

and economic control (Cooke-Panton, 2014); instead, the focus is on biological controls.  

Studies on spiny lobster management have shown that using only biological controls as 

management measures will not guarantee a sustainable fishery (Knútsson et al., 2016). A 

combination of biological and economic measures are necessary to improve the fishery's 

sustainability and profitability (Knútsson et al., 2016). Therefore, incorporating harvest 

controls to the Jamaican fishery, such as individual quotas, could advance the fishery 

towards being more efficient and sustainably (Hannesson, 1993). 

In Jamaica, the spiny lobster fishery became Jamaica's top fishery in 2018, with 

exports totalling 192 mt (US$5 m) (STATIN, 2018), mainly due to a moratorium on the 

queen conch fishery due to a significant stock decline. To avoid such a scenario for 

lobster, a bioeconomic assessment to determine stock levels and sustainable yields is a 

priority. The development of rights-based management has been stymied by a paucity of 

economic data and absent or unreliable fishery parameters estimations, resulting in a 

limited number of assessments of the fisheries (Morris, 2010). The lack of  rights-based 

management has been shown to lead to overexploitation and overcapitalisation in a "race 

to fish" scenario (Arnason, 1993). A management system geared towards property rights 

management will help to avoid these pitfalls and move the attention of fishers from 

quantity to profitability. 

 

1.5 Spiny lobster fishery management in Jamaica 

1.5.1 Policy and governance 

The National Fisheries Authority (NFA) is the primary fisheries management body 

that oversees the fisheries sector, conducts research, and implements fisheries policy. The 

agency collaborates with various stakeholders, including the national security and 

enforcement bodies, environmental agencies and non-government organisations, to 

manage the sector (Morris, 2010). Additionally, the NFA maintains a licence and 

registration system, vessel and catch monitoring, biological monitoring, and supports 
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species-specific research. Management challenges include illegal, unreported, and 

unregulated fishing by both non-locals and locals, and the aforementioned 

overcapitalisation (Morris, 2010).  

The Fisheries Act of 2018 governs the spiny lobster fishery (formerly The Fishing 

Industry Act of 1975). This Act instituted increased fines by several-fold compared with 

the previous Act for fisheries breaches resulting in potential fines of over US$20,000 

(FAO, 2021). A summary of the Act’s main instruments as it relates to lobster include 

(Fisheries Division, 2019a): 

1. The minimum legal size of carapace length (CL) 7.6 cm. 

2. Egg bearing female lobsters are protected. 

3. The annual closed season for the period April 1 – June 30. 

4. Effort restrictions include limited entry of 17 vessels and gear restrictions of 2200 

trap limit.   

There was no established process for spiny lobster licensing in Jamaica before 2017. 

This was developed and instituted in 2017 to formalise the industrial lobster licensing 

procedure. A specific licence under this regime has a lifespan of two years and costs 

approximately US$850 (FAO, 2021).  

The management measures described in the 2018 Act cover both the artisanal and 

industrial fleets; however, the licensing regime only addresses the industrial fleet 

(National Fisheries Authority, 2020a). Other stipulations include landing catches no later 

than ten (10) weeks following the beginning of each fishing expedition.  

 

1.5.2 Spiny lobster fleet description 

The industrial lobster fleet consists of steel-hulled vessels, of mean total length of 19 

m with a range of 8 - 29 m (Figure 5), with inboard engines of approximately 500 hp 

(Kelly, 2002). Crew size range between 3 - 25 persons, with a mean of 11 persons. There 

are two categories of industrial vessels, carrier and fishing. The carriers transport the 

product from a fishing vessel to a port. They make short (one day) trips to the fishing 

grounds, whereas fishing vessels can spend 70 days at sea. The main fishing ground is 

Pedro Bank, where Florida wooden traps are the main fishing gear used (Figure 6). The 

total catch of the industrial fleet has averaged 301 mt over the last six years (Figure 7) at 

an average of 84 trips per year for the period. Landings are highest in March when the 
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season ends and when the season opens in September. Landings are processed as frozen 

whole lobster and tails or as live lobster, with live lobster being the most valuable 

product. The industrial lobster sub-sector employs about 400 people, including fishers 

and those involved in processing (National Fisheries Authority, 2021). 

 

 

Figure 5: Industrial fishing vessel 23 m in length 

 

 

Figure 6: Florida wooden trap used by Jamaican industrial lobster fleet. 
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Figure 7: Jamaica’s Industrial fleet seafood production 1996 to 2020. 

The artisanal lobster fleet utilises both motorised and non-motorised vessels (40-

60 hp) with a three-person crew (Kelly, 2002). Artisanal fishers fish from the mainland 

and a small portion, mostly divers, from the Pedro Bank.  Methods used to fish for 

lobsters are diving and the Antillean z-traps (Morris, 2010).  These fishers sell to 

primarily local markets, including households, hotels, and restaurants (Martin-Murray, 

2009). Artisanal lobster landings are not exported due to their inability to maintain the 

quality of the landed product. Though the artisanal sector employs almost 3300 persons, 

the lobster catch is only a target for a few and is a bycatch for most (National Fisheries 

Authority, 2021).  

1.5.3 Studies on Jamaican spiny lobster 

Most studies have focused on fishery-dependent data. Gittens (2001) for instance, 

demonstrated a decrease in the mean size of lobsters caught in Jamaica and the profusion 

of lobster on the south island shelf and the Pedro Bank. According to his study, 

approximately 30% of lobsters landed from the Pedro Bank were less than 50% mature, 

indicating likely recruitment overfishing and low biomass levels. Studies such as Aiken 

(1983) and Kelly (2002) reported that catches of undersized-sized lobsters also hampered 

the fishery. In 1975, the Fisheries Division, now the NFA, reported that 75% of the 

lobsters landed were immature females and recommended stricter management measures 

(Kelly, 2002). Later  CRFM (2009) reported that 30% of the total lobsters sampled from 

the artisanal and industrial fleets were below minimum legal size (7.6 cm carapace 

length), representing a slight improvement. 
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Other studies have looked at the closed season's effectiveness to determine if the 

current three months (April to June) closure should be altered. Such studies include 

CRFM (2007) using 1996 to 2006 data to develop a recruitment index using catch and 

effort data for the southern shelf and Pedro Bank. This study found that recruitment 

might be occurring in August, roughly one month after the closed season, but 

inconclusive results. Another study reported that recruitment might occur between 

February and June, and to a lesser extent, between August and September (Cooke-

Panton, 2014). As a result, the closed season was suggested to be gradually moved from 

April to February or designated closed areas during the recruitment period (Cooke-

Panton, 2014). CRFM (2007) indicated that fishing methods, such as hookah negatively 

affected stock recruitment. Also, the variation of carapace lengths was lowest in March 

and August and highest in September and November, and the necessity for monitoring 

and the collection of economic data on the lobster fishery. 

 

1.5.4 Stock assessment methods used to assess the spiny lobster  

Since introducing an industrial lobster fleet in the 1980s (Haughton & Shaul, 1989), 

Jamaica has had various studies on the spiny lobster's growth parameters and stock size.  

Haughton & Shaul (1989) used ELEFAN 1 (Brey & Pauly, 1986) to estimate the growth 

coefficient (K) and asymptotic length (Loo) of the von Bertalanffy growth functions but 

found that estimates were higher than those found in neighbouring countries. Using a 

larger sample size, Haughton  & King (1992) tried to re-estimate the spiny lobster growth 

parameters using ELEFAN 1 (Brey & Pauly, 1986) coupled with a modal progression 

analysis (LFSA – length composition based fish stock assessment computer programs) 

(Jones, 1984; Sparre, 1987). This study found mean carapace lengths for males and 

females at 10.1 cm and 9.3 cm, with a mean of 9.7 cm. The recruitment size was 

estimated at 10.7 cm for males and 10.0 cm for females, larger than the established CL of 

7.6 cm. ELEFAN 1 results for K is 0.24/year for males and 0.28/year for females, 

whereas the Loo value for males is 21 cm and 19.5 cm. Mortality was estimated at 0.59 

for males and 0.67 for females. This study also utilised Jones’s Length Converted Cohort 

Analysis (Jones, 1984) to estimate biomass at approximately 4000 t. 

Studies focused on calculating maximum sustainable yields (MSY) used statistical 

approaches such as Bayesian statistical analysis (CRFM, 2009) with MSY of 200 mt. 

The Schaefer surplus production model (MSY = 222 mt), Virtual Population Analysis 
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(VPA) – Jones’ length-based cohort analysis and Thompson Bell Prediction Model 

(MSY = 205 mt) used by Martin-Murray (2009).  Morris (2010) used a bio-economic 

model with a Schaefer surplus production model to carry out his assessment, resulting in 

an MSY of 222 mt and a MEY of 170 mt.  

2 Methods and materials 

2.1 Fisheries and bioeconomic model 

The Gordon-Schaefer surplus production model has been used to assess the 

Jamaican spiny lobster fishery (Morris, 2010). This model is the most suitable for 

studying spiny lobster given the data limitations, though it may not be biologically 

realistic (Larkin et al., 2002). For this study, a fisheries bioeconomic model similar to the 

one described in the Sunken Billions Revisited (World Bank, 2017) is used to analyse the 

Jamaican spiny lobster fishery.   

 

2.2 General model 

The functional components for modeling the Jamaican industrial spiny lobster fishery 

included: 

1. Net biomass growth function 

          (I) 

where  is biomass growth as a function of biomass,  is harvest and   

represents the instantaneous change in biomass. 

2. Harvesting function 

          (II) 

where harvest, , is a function of fishing effort, , and biomass, . 

3. Profit function 

       (III) 

where P is the price of the catch; fk is fixed cost;  denotes the fishing 

revenues,  is the harvesting costs linked to fishing effort and harvest because 
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the crew is given a share in the landed catch value as a bonus, apart from their fixed 

salary.  

 

2.3 Model specifications 

The biomass growth function for the Jamaican spiny lobster utilised the Schaefer surplus 

production model as specified below. 

  

         (IV) 

where xt  is the stock size at time t, Gt is growth at time t, ρ is the growth rate and  

carrying capacity.        

A modified Schaefer harvesting function is specified below: 

          (V) 

where qt is catch/harvest at time t, θ is catchability, and et is a fishing effort at time t. 

The net benefits (profits) function:  

         (VII) 

where p is the price of the catch, q is the cost associated with a unit of effort, c is the cost 

per unit of effort and e is the effort.  

 

2.4 Spiny lobster fishery reference points  

2.4.1 Static reference points 

The reference points maximum sustainable yield (MSY) and maximum economic yield 

(MEY) were estimated from the model described above. Biological reference points for 

the fishery were estimated as follows: 

           

          

when q=G we obtain: 

         (VIII) 
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We then inserted the equilibrium function into the harvest function and get: 

 

 

Which can be expressed as: 

         (IX) 

Or 

 

 

To find effort that gives MSY we maximise equation (IX) to get: 

         (X) 

The harvest function then equates to: 

         (XI) 

The profit-maximising MEY biomass (XMEY) fixed reference point is attained by 

maximising the profit function (VII) to give: 

         

Which can be expressed simply as: 

        (XII) 

Cost can then be calculated as: 

 

where the cost (c) of a unit of effort (e) plus the percentage of wages (25%) of the price 

(p) of the total catch (q). The total cost can then be expressed as: 
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2.5 Data sources 

2.5.1 Survey data 

The NFA carried out a fifteen day spiny lobster survey of the Pedro Bank in 2020 that 

sampled a portion of the Pedro Bank using traps (Figure 8). The sampling represented 

approximately sixteen per cent of the total bank. Coverage was limited due to financial 

and other resource constraints. The bank was gridded in fifty-eight 5km2 squares 

covering a total area of the study is 1500km2 . Traps were baited with cured cowhide cut 

into strips and fastened inside the trap utilising binding wire. Twenty-five traps were 

placed at 30-meter intervals and were linked by a rope. These 25 trap strings were then 

placed into each of the fifty-eight 5km2 grid boxes with a soak time of three days. On the 

fourth day, each string was hauled and its contents recorded (Appendix 5 and 6). The 

spiny lobster body, carapace (head), tail, and body depth were weighed and measured to 

the nearest kilogram and centimetre. The sex was also determined as well as the female 

reproductive state/stage. All berried lobsters were thrown back. Only the total weight of 

that lobster was measured and not the individual weights of its head and tail. 

 

 

Figure 8: Pedro Bank showing study site (area shaded purple) and sample points. (NFA, 2021; Google, 

2015) 

 

2.5.2 Catch and effort data 

Catch and effort data (Appendix 1) was taken from the National Fisheries 

Database and corroborated with the Veterinary Services Division (VSD) data. This data 

reflects total landings, the number of days spent at sea, the number of deployed traps per 

day and the processing level of the lobster landed.  
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2.5.3 Economic data 

For the industrial spiny lobster fishing fleet, information on the costs associated 

with a lobster trip was acquired through interviews with industry members and 

supplemented with data taken from the Statistical Institute of Jamaica (STATIN, 2021). 

2.6 Estimation of parameters 

2.6.1 Biomass estimation 

The total area of the Pedro Bank and each depth strata were obtained using Google 

Earth (Google, 2015), where polygons of the three depth strata (1–10 m, 11–20 m, and 

over 20 m) were measured (Figures 4 and 8). The sample design was a stratified random 

sampling technique (Smith & Tremblay, 2003), from which the per cent sampling area of 

the bank was determined. The effective fishing range of baited traps estimated according 

to Watson et al. (2009). Since the distance between each trap was 30m, the radius of the 

area fished by each trap was calculated to be 15m, resulting in a total area of 707m2. The 

total weight of the lobsters caught by a string for each sample point was calculated. The 

mean was found for the entire surveyed area and then raised to the total area of the Pedro 

Bank for each depth zone. This result was then used to calculate the biomass of the total 

area by converting the figures to metric tonnes. This biomass estimate was used to 

calibrate the bioeconomic model and estimate the fishery parameter estimates (Appendix 

7), which were then used to estimate the fishery reference points. 

 

2.6.2 Biological parameters 

The estimates of the parameters  and  were obtained by a regression method. 

The catchability coefficient, θ, was computed from equation (V) where θ=q/ex. The 

value for θ was calculated using total harvest, fishing effort and the biomass estimated 

from the survey data, done in 2020. The parameter K, carrying capacity, was calculated 

from the equations K=α/θ and the parameter ρ, growth rate, was calculated from the 

equation ρ=Kθ2/β. The fishery reference points were then calculated using these 

parameters. The catch per unit of effort (CPUE) was regressed against three measures of 

fishing effort, trap days, vessel numbers and days at sea, to determine the best fit. The 

catchability coefficient was then estimated from the survey data then expression IX was 

estimated. The key fishery reference points were then found for each effort measure. 
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2.6.3 Fixed costs 

Fixed costs included capital costs such as vessel investment and associated gear 

as well as licencing fees. This information on costs was acquired through interviews of 

boat owners, industry representatives, boat captains, and from the National Fisheries 

Authority database. The exchange rate was obtained from the Bank of Jamaica in April 

2021 (US$154), with an annual depreciation rate of 20% (Table 2). 

Table 2: Jamaican spiny lobster average annual fixed costs 

Type of Costs 

Unit Cost 

(US$) Description 

Capital Cost 1,421,430 

20% of capital 

cost 

Vessel Registration Fees 6,642   

Total 1,428,072 annual fixed cost  

 

2.6.4 Variable costs 

The variable costs comprise those arising from fishing trips (crew remuneration, 

fuel, and food) and those associated with the catch at landing. The average fuel cost was 

computed by multiplying the total fuel used for a fishing trip by the 2021 diesel retail 

price of around US$1.32 per litre. The fishing crew cost was assumed to be  25% of the 

catch and an average of US$21,273 per trip. Finally, the variable annual costs are 

calculated based on a nine (9) month fishing season (July 1 – March 30) with an average 

of 84 trips per season at an average of 20 days at sea (Table 3). 

Table 3: Variable costs associated with Jamaican Industrial spiny lobster fleet 

Item
Unit price 

(US$)

Cost per trip 

(US$)

Annual Cost 

(US$)

Fuel 1.32/litre 8,380              754,220          

Food and supplies 85/person 1,673              150,535          

Traps 135/trap 11,043            993,870          

Oil and Lubricants 9/day 177                 15,939            

Total Variable Costs 21,273            1,898,625       
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3 Data analysis and results 

3.1 Biomass estimation and survey analysis 

The estimates of biomass for the Pedro Bank and those for the sample site showed 

variation across depth strata (Table 4), with the deepest depths, >20m, showing the 

greatest quantities (Figure 9). The calculation of each depth strata can be found in 

Appendix 2 to 4. The carapace lengths (CL) of lobsters seen across all depths are most 

abundant for CLs ranging between 8.8 cm to 10.8 cm (Figure 9).  

Table 4: Estimates of biomass (MT) for Pedro Bank, including sample site, for all depths (0m - >20m). 

Pedro Bank Sample Site

Biomass Total Depths (MT) Biomass Total Depths (MT)

Upper CL (95%) 1,343 36

mean 943 25

Lower CL (95%) 543 14

Upper CL (95%) 231 10

mean 123 5

Lower CL (95%) 16 1

Upper CL (95%) 2,018 34

mean 1,442 25

Lower CL (95%) 865 15

Biomass 20m (MT) Biomass 20m (MT)

Biomass >20m (MT) Biomass >20m (MT)
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Figure 9: Carapace lengths (CL) of spiny lobster for: A - all depths (0m - >20m), B – 20m, C - >20m. 
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3.2 Reference points 

Three (3) measures of effort, the number of trap days, the number of vessels, and days at 

sea (Figure 10), were examined to determine which measure was the best option for 

managing the fishery. Trap days established the most significant relationship with an R2 

of 0.96 and a p-value <0.05 (Table 5), with days at sea being the least significant. The 

number of trap days was also the most normally distributed measure when compared to 

the other estimates of effort. Each effort measure was then used to determine fishery 

reference points (Table 6). Appendix 7 outlines the parameters that were used to 

determine said reference points. Each MSY and MEY estimates were higher than the 

average catch of 301 mt observed over the past six (6) years. The EMSY and EMEY for trap 

days equated to 1,674 and 1,404 traps, respectively, at sixteen (16) vessels for 2020. In 

the EMSY and EMEY, the number of days estimated for a trip would be 15 and 13, 

respectively. Regarding the other measures of effort EMSY and EMEY, the number of 

vessels was standardised at 15 vessels, whereas days at sea were 114 days and 113 days, 

respectively, for 16 vessels. Though not as high as trap days, the number of vessels was 

also a significant measure. Overall catch tends to be highest at the lowest levels of effort 

when all measures are compared. 
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Figure 10: Relationship between three measures of fishing effort and catch per unit of effort. A – number 

of trap days, B – number of vessels, C – number of days at sea. 

 

 

 

 

 



 

30 

Table 5: Least squares result for three measures of effort. 

Trap Days Number of Vessels Days at Sea

R
2

0.96 0.75 0.54

Adjusted R
2

0.95 0.69 0.43

Coefficients -0.0000004 -1.40 -0.0001

Standard Error 0.00000005 0.40 0.00004

t Stat -9.52 -3.48 -2.17

P-value 0.001 0.03 0.10

 

Table 6: Key fisheries reference points for three measures of effort. 

Coefficient Symbol

Trap 

Days

Number of 

Vessels

Days at 

Sea

Carrying Capacity (MT) K 1,598 1,995 1,800

MSY (MT) MSY 323 309 309

Effort at MSY EMSY 26,778 15 1,823

MEY (MT) MEY 314 309 309

Effort at MEY EMEY 22,472 15 1,802

 

3.3 Performance of indicators 

Biomass increase from 2015 to 2018 according to the bioeconomic model, after 2019, 

it is predicted constant with an equilibrium around 930 mt, catches of around 33% of the 

biomass, and profits of just over US$2 million (Figure 11 and 12). Catch decreased from 

2015 until 2017, after which there was a slight increase until 2019; after this, there was a 

slight decrease over time (Figure 11). Catch is also seen to be approximately 33% of the 

total biomass, reflecting MEY.  The spiny lobster fishery saw its highest earnings in 2020 

and its lowest in 2017 (Figure 12). 2017 dramatic decline resulted from it having the 

lowest catch (Figure 11), which came from a reduction in the number of vessels from 20 

to 17. Profits are generally increasing after the industry’s significant losses in 2017. 

Thus, the spiny lobster fishery is trending around the equilibrium point (US$2.2 m) at 

present. Appendix 8 shows the breakdown of the calculation used to generate this Figure 

12. The sensitivity model (Figure 13) shows that the highest yields are generated at 

20,000 trap days, a total that is less than the proposed MEY. The sensitivity model for 

the other measures of effort showed no future profits. 
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Figure 11: Catch as a percentage of biomass of spiny lobster over a 14 year period. 

 

Figure 12: Future projection of profit trends for the spiny lobster fishery for the period 2015 to 2029. 

 

 

Figure 13: Sensitivity Model showing the various levels of profit based on the number of trap days. 
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4 Discussion 

4.1 Biomass estimation and spiny lobster reference points 

The biomass estimate calculated for this study may be considered preliminary given 

that the survey sampled only a portion of the area of the Pedro Bank. Notwithstanding, it 

represents the first, best and only fishery-independent estimation of spiny lobster biomass 

in Jamaica. The resulting fishery reference points are thus more reliable and accurate 

compared to the stock assessments by Haughton & King (1992), Martin-Murray (2009) 

and Morris (2010). Each resulted in overestimations of biomass due to the use of 

unreliable fishery-dependent data. The biomass and resultant MSY estimates from these 

stock assessments were less than that found in this study. Thus concluding that the 

fishery was overexploited, a situation in which this study seems to contradict as a result 

of this study MSY being larger than the average landings. The level of IUU fishing in 

Jamaica is an unknown variable for the lobster fishery (Morris, 2010). So the extraction 

level of the fishery is not known. Due to this it cannot be said that the fishery is not 

overexploited even though MSY estimates are below landings. That is why  the accuracy 

and reliability of the results from this study can be further improved by increasing the 

survey sampling to reduce biases. That is completing the fishery independent survey for 

the entire Pedro Bank. 

The survey saw larger numbers of lobsters sampled in the deeper areas of Pedro Bank, 

which is in keeping with the biology of lobsters, as the larger sized individuals tend to 

migrate to deeper waters, especially during their mating season (Fonseca-Larios & 

Briones-Fourzan, 1998). The survey was conducted in the closed season when 

reproduction is highest; thus, this study’s results reflect what occurs at this time. The 

prevalence of the 8.8 cm carapace length individuals could be an indication of that 

cohort’s success in recruiting to the fishery approximately three to two years ago, that is, 

2017 or 2018. The fishery-dependent data was too short to distinguish any patterns in 

catch over time, that is, if there was a cyclical increase or decrease in catch over a period 

of time. 

The MSY and MEY of the fishery are 323 mt and 314 mt respectively. The average 

lobster landing over the six-year period is 301 mt, suggesting that the fishery is operating 

below the sustainable yield. Notwithstanding the uncertainty regarding the impact of 

illegal, unreported and illegal (IUU) fishing, and those of the model, it would appear that 

catches tend to fall below MSY and MEY. Though the fishery may not be consistently 
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over-exploited, that is its annual catches do not always exceed the MEY of 314 mt, IUU 

fishing could possibly make it overfished. This is why extraction levels need to be 

capped. Another issue that faces the lobster fishery is overcapitalisation. This is, 

evidenced by the number of recommended traps and vessels being less than the numbers 

currently being used (2,200 traps and 70 days per trip). The calculated improvement 

using 16 vessels would see the fishers using fewer traps at 1,400 and being out at sea for 

shorter trips at 13 days. Bearing this in mind, the regulatory agency would have to 

encourage the fishers to spend fewer days at sea by demonstrating an increase in 

profitability in their favour. Therefore, a proposed strategy is to encourage the fishers to 

agree to an effort reduction, establish a total allowable catch (TAC), and further split the 

TAC into quotas, which would secure each fishers harvesting ability for the fishing 

period. According to model predictions, a catch limit on the proposed TAC could be 

established as a 30% total of the biomass.  

The spiny lobster fishery is relatively profitable at profits hovering just above US$2 

m. To maintain optimum profit levels, the effort levels are currently operating above the 

recommended MEY effort. The effort levels should then be reduced to the suggested 

MEY level so that the fishery can have maximum benefits because the biomass is at its 

highest, which is favourable for the fishery.  

Therefore, regulating the number of trap days appears to be an effective management 

tool. Thus, the current management focus utilising the number of vessels should be 

realigned to reflect an effort measure, the number of trap days, which should result in 

higher fishery performance. Overall this study has answered its research questions by 

establishing that trap days is the best management tool to control effort, and its associated 

MSY is 323 mt and MEY at 314. 

4.2 Management direction 

Jamaica’s vision 2030  (Government Of Jamaica, 2009) speaks of sustainably 

managing natural resources such as its spiny lobster fishery. This plan is in keeping with 

the sustainable development goal (SDG) 14 life below water, which focuses on 

sustainably utilising marine space (Kates et al., 2005). To move towards a more 

sustainably managed marine resource, a property rights-based structure is proposed to 

solve the Jamaican spiny lobster industry (Morris, 2010). To include a property rights-

based regulatory framework inside the spiny lobster fishery, the common fisheries 

problem of a lack of such rights must first be rectified. Transferability, security, 
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exclusivity, and permanence are qualities of such a system (Scott, 1996 & 2000 in 

Arnason, 2005). For such a framework, an individual quota system has been promoted as 

highly successful (Hannesson, 1993). The first step in putting such a system in place 

would be to establish a total allowable catch (TAC). Arnason (1993) recommended that 

to develop such a measure, a stock assessment or a study of past catches be performed 

first to define a boundary around those captures; individual quotas may then be 

determined from this TAC. This study conducted such an assessment to develop such a 

system. Implementing this system would allow spiny lobster fishers to prepare ahead of 

time and complete their fishing effort far more efficiently (Hannesson, 1993). Though the 

TAC is a beneficial measure, it must be combined with the individual quota system since 

it is a tool used to manage the "race to fish." The Icelandic Atlantic Mackerel fishery has 

such a precedent in that it was introduced without a quota system, resulting in a "race to 

fish" issue; it was not until 2010 that the quota system was implemented (Saevaldsson, 

H., & Gunnlaugsson, 2015) that it yielded improved management. The metrics that 

would therefore be used to determine whether or not this system is relevant and 

completely effective would be by watching how the fisheries performs via decreases in 

fishing effort and capture, with a consequent increase in the fishery's value (Runólfsson, 

B. Þ., & Árnason, 1996). Therefore, the onus will be on the NFA to ensure that all 

necessary checks and balances are in place to guarantee that the quota system functions 

appropriately. 

As it stands, the Jamaica spiny lobster fishery current management system has not 

been adjusted over the years to ensure that its efforts are not in vain. Though the fishery 

is not overexploited, over-capitalisation is paramount and should be curtailed to increase 

profitability. Unless and until an individual quota system is implemented into the 

fishery's present regulatory framework, the Jamaican spiny lobster fishery will continue 

to proceed in an unsustainable manner. If the individual quota system is implemented, 

this fishery will be able to transition to a sustainably managed state and be eligible for 

prospective marine stewardship council (MSC) certification, increasing the value of the 

resource. 

4.3 Limitations 

Certain assumptions were made for the chosen model to work. These assumptions are 

as follows: lobsters were spread uniformly over the Pedro Bank, which is not the case for 

lobsters. In addition, the model used a high rate of growth, which indicates a rapid 
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turnover of the stock, which may not be the case for lobster because it is a long-lived 

species. The price of lobster was also kept constant, which is not a feature of reality. 

Despite these limitations, it should be highlighted that this work uses fishery-independent 

data to produce a biomass estimate for the Jamaican spiny lobster, which has never been 

done before. This estimate serves as a baseline for future research to expand and 

enhance. 

4.4 Conclusions   

The fishery-independent survey needs to be completed to improve the results of this 

study. The study also established that the spiny lobster fishery current fishing levels, fall 

below the MSY and MEY. As a result of overcapitalisation, a reduction in effort is 

recommended. Trap days is the recommended effort measure to be used in the 

management of the spiny lobster fishery. The suggested ideal policy option is to manage 

the fishery through a TAC that incorporates an individual quota (IQ) system. 

4.5 Recommendations 

The recommendations for the Jamaican spiny lobster fishery are then to: 

• Complete the spiny lobster survey that was started in 2020 so that the biomass 

estimate for the entire bank can be calculated instead of estimated. 

• Consistent fishery-independent surveys over time will help to refine estimates 

further and build long term time series data essential features of well-managed 

fisheries. 

• Using only 16 vessels, reduce overcapitalisation in the fishery by reducing the 

number of traps and the number of days spent at sea. 

• Set a total allowable catch (TAC) at 314 mt. 

• Establish the appropriate management framework to develop an individual 

quota-based structure. 

• Continue with data collection efforts of spiny lobster landings and include 

financial information on the price of lobster. 
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7 Appendix 

Appendix 1: Spiny lobster fishery data for the period 2015 - 2020 

 

Fishing 

Season

Total 

Vessels

 Total 

Crew Size

Average 

Vessel 

Size (m)

Total trips 

per vessel

Total Days 

at Sea

Total Fuel 

Usage 

(gallons)

Total 

Traps 

Hauled 

(per day)

Total 

Catch (lbs)

Total 

Catch 

(tonnes)

2015 14 452 22 66 1398 173155 27800 695318 315

2016 20 536 15 101 1381 156276 34120 626695 284

2017 17 487 18 72 1564 176484 39060 540840 245

2018 14 660 21 105 2006 249740 31850 677334 307

2019 17 627 19 71 1606 149247 33977 743066 337

2020 16 466 20 90 1771 150844 22118 693439 315
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Appendix 2: Fishery Independent Survey results for all depths (0m - >20m) 

Strings

Number of 

traps retrieved

 Weight 

(kg)

Weight 

(kg/trap)

Weight 

per 

baited 

trap 

(kg/m2)

LQ07 24 1.97 0.08 0.0001

LQ08 17 0.79 0.05 0.0001

LQ22 18 0.45 0.03 0.0000

LQ23 24 1.25 0.05 0.0001

LQ25 25 0.57 0.02 0.0000

LQ27 21 2.95 0.14 0.0002

LQ34 21 4.20 0.20 0.0003

LQ35 22 1.59 0.07 0.0001

LQ37 23 1.02 0.04 0.0001

LQ40 23 6.80 0.30 0.0004

LQ41 25 2.15 0.09 0.0001

LQ42 24 11.91 0.50 0.0007

LQ43 22 5.44 0.25 0.0003

LQ44 23 0.23 0.01 0.0000

LQ45 25 1.93 0.08 0.0001

LQ47 25 2.04 0.08 0.0001

LQ48 13 3.97 0.31 0.0004

LQ49 12 1.13 0.09 0.0001

LQ51 18 7.26 0.40 0.0006

LQ52 20 1.25 0.06 0.0001

LQ53 20 6.92 0.35 0.0005

LQ54 20 5.67 0.28 0.0004

LQ55 20 3.86 0.19 0.0003

LQ56 25 6.92 0.28 0.0004

LQ57 45 12.58 0.28 0.0004

LQ58 25 4.31 0.17 0.0002

Total 580 99.1 4.4 0.006
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Appendix 3: Fishery Independent Survey results for 20m Depth Zone 

Strings

Number of traps 

retrieved  Weight (kg)

Weight 

(kg/trap)

Weight 

per 

baited 

trap 

(kg/m2)

20m

LQ07 24 1.97 0.08 0.0001

LQ08 17 0.79 0.05 0.00007

LQ22 18 0.45 0.03 0.00004

LQ25 25 0.57 0.02 0.00003

LQ27 21 2.95 0.14 0.00020

LQ44 23 0.23 0.01 0.00001

LQ45 25 1.93 0.08 0.00011

LQ48 13 3.97 0.31 0.00043

LQ49 12 1.13 0.09 0.00013

LQ51 18 7.26 0.40 0.00057

 

 

Appendix 4 Fishery Independent Survey results for >20m Depth Zone 

Strings

Number 

of traps 

retrieved

 Weight 

(kg)

Weight 

(kg/trap)

Weight 

per 

baited 

trap 

(kg/m2)

>20m

LQ23 24 1.25 0.05 0.0001

LQ34 21 4.20 0.20 0.0003

LQ35 22 1.59 0.07 0.0001

LQ37 23 1.02 0.04 0.0001

LQ40 23 6.80 0.30 0.0004

LQ41 25 2.15 0.09 0.0001

LQ42 24 11.91 0.50 0.0007

LQ43 22 5.44 0.25 0.0003

LQ47 25 2.04 0.08 0.0001

LQ52 20 1.25 0.06 0.0001

LQ53 20 6.92 0.35 0.0005

LQ54 20 5.67 0.28 0.0004

LQ55 20 3.86 0.19 0.0003

LQ56 25 6.92 0.28 0.0004

LQ57 45 12.58 0.28 0.0004

LQ58 25 4.31 0.17 0.0002
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Appendix 5: Fishery Independent Survey Data Form 
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Appendix 6: Fishery Independent Survey biological data form 

 

Appendix 7: Parameters used to calculate the fishery reference points. 

Parameters Symbol Value

alpha α 0.02

Beta β -0.0000004

Catch (tonne) q 314.5

Effort (traps hauled 

per day) e 22,118            

Biomass (tonne) x 943

Catchability θ 0.00002

Carrying Capacity 

(tonne) κ 1598

Growth Rate ρ 0.8

Price (usd/tonne) P 22,333            

Cost (usd/trip) c 87
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Appendix 8: Bioeconomic outputs simulated for the period 2015 - 2029 

Years x (tonne) G(x) (tonne) e (trap days) q (tonne) revenue (US$) cost (US$) Profits (US$)

2015 859 321               27800 315             7,043,727             5,079,405                1,964,323             

2016 864 321               34120 284             6,348,554             6,454,794                106,240-                

2017 900 318               39060 245             5,478,825             7,135,267                1,656,442-             

2018 973 308               31850 307             6,861,539             5,713,345                1,148,194             

2019 973 307               33977 337             7,527,427             6,375,611                1,151,816             

2020 943 312               22118 315             7,024,686             4,769,114                2,255,572             

2021 941 313               22118 314             7,007,295             4,764,767                2,242,528             

2022 940 313               22472 318             7,110,068             4,819,431                2,290,638             

2023 934 313               22118 311             6,956,152             4,751,981                2,204,171             

2024 936 313               22118 312             6,971,267             4,755,760                2,215,507             

2025 937 313               22118 313             6,979,267             4,757,760                2,221,508             

2026 938 313               22118 313             6,983,490             4,758,815                2,224,674             

2027 938 313               22118 313             6,985,714             4,759,371                2,226,343             

2028 938 313               22118 313             6,986,886             4,759,664                2,227,221             

2029 938 313               22118 313             6,987,502             4,759,818                2,227,684             

 

 

 


