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ABSTRACT: Estimates of growth and mortality parameters for the spiny lobster
Panulirus argus were estimated from length frequency data collected from
Puerto Rico commercial biostatistical program from 1999 through 2000 using
the FISAT software package. The corresponding values of L∞ for female spiny
lobsters using ELEFAN I ranged from 185 to 191 mm CL, and K values were
0.23 to 0.25. For males the L∞ values ranged from 195 to 197 mm CL, and K
value was estimated at 0.24 for both years. The length-converted catch curve
total mortalities Z estimates ranged from 1.32 to 1.35 for males and 1.25 to 1.85
for females. The Z estimated from Jones length cohort analysis ranged from
1.01 to 1.02 for males and 1.05 to 1.11 for females. Average exploitation ratios
from the two different methods were well above the optimum exploitation rate
(E=0.5) suggesting overfishing. The Beverton relative yield per recruit model
analysis for 2000 for males and females implies the Puerto Rico lobster fishery
is operating very closed to its Maximum Sustainable Yield (MSY) level and that
no further increase in fishing effort is advisable.
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INTRODUCTION
The Caribbean spiny lobster (Panulirus argus) is a valuable exploited
marine crustacean inhabiting shallow shelf waters off the Caribbean region, the
southern United States and Bermuda. In Puerto Rico, spiny lobster is
principally harvested by traps and diving. About 15% of Puerto Rico catch
comes from the east coast, 45% from the south coast and 35% from the from the
West Coast. The spiny lobster has consistently ranked as the most economically
important marine shellfish species landed in Puerto Rico. Based on data from
the Puerto Rico Department of Natural and Environmental Resources Fisheries
Laboratory, for the period 1992 through 1998, spiny lobster value per pound
ranged from $4.50 to 9.00 dollars (Matos, 1999).
Spiny lobster management in Puerto Rico has been conducted under
territorial and federal jurisdictions with a fishery management plan (FMP)
administered by the Caribbean Fishery Management Council (CFMC).
Indications of overfishing were observed in the US Caribbean during the early
1980’s (CMFC, 1985). The established regulations are: (1) a minimum size of
89 mm in carapace length; (2) a prohibition against retaining egg-bearing
lobsters; (3) a requirement to land lobster whole; and (4) gear restrictions
prohibiting the use of poisons, drugs or other chemicals as well as spears, hooks
explosives, or similar devices in harvesting spiny lobsters.
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Due to concern caused by the intensive exploitation of the resource, the
Puerto Rico spiny lobster fishery and biological data have been periodically reexamined by the National Marine Fisheries Service (NMFS), Southeast
Fisheries Science Center (Bohnsack et al 1992, Bolden 2001). However,
problems with data collection and database management procedures, have so far
limited the types of analyses that were possible to provide sound stock
assessment of this species.
This study attempts to evaluate the use of length frequency analysis based
upon biostatistical data from the Puerto Rico commercial lobster fishery to
estimate growth and mortality parameters, and to construct a reliable yield per
recruit analysis.
METHODS
Biostatistical data of P. argus were collected by port agents from 1999 to
2000. Carapace length (CL) was measured to the nearest 0.1 mm and sex was
determined. The sample size per month ranged from 0 to 175 individuals per
month. Biostatistical data were entered into the Trip Interview Program (TIP)
developed by the National Marine Fisheries Service (NMFS), Southeast
Fishery Science Center. Later, the data were converted and analyzed in Excel.
To enhance modal definition for length frequency analysis, samples were
pooled trimonthly for each year and assigned a single collection date for each
year.
Estimation of Growth Parameters and Mortality
Analysis of growth parameters assumes Von Bertalanffy growth: Lt= L∞ (1Lek(t-t0)), where Lt is the carapace length at time t, L∞ is the asymptotic length an
individual would reach if it lived indefinitely, and k is the rate at which L∞ is
approached. The growth parameters L∞ and K were estimated using ELEFAN
I from the FISAT software package (Gayanilo et al., 1995). Comparisons of
different estimates of growth parameters were done using the empirical
equation of Pauly and Munro (1984): phi= Log10 K + 2 Log 10 (L∞).
Recruitment patterns for males and females were estimated using the ELEFAN
II from the FISAT program.
Instantaneous total mortality (Z) (Beverton and Holt, 1957), fishing
mortality (F) and length at first capture (Lc) were calculated using lengthconverted catch curve (Ricker, 1975; Pauly, 1984), and Jones length cohort
analysis (Jones, 1984). These analyses were performed by converting the data
of each monthly sample to percent frequency and then weighting by square
roots of the sample size. Giving all monthly samples equal weight prevents a
single large monthly sample from being a major source of bias or from overly
affecting the total annual sample. Since estimates of natural mortality (M) of
spiny lobster in the USVI are unknown, we are using estimates from literature
for subsequent analysis (M=0.34) CFRAMP/FAO Spiny Lobster Stock
Assessment Workshop (CFRAMP, 1997). Exploitation rates were calculated
with the Pauly and Soriano (1986) exploitation rate formula: E=F/Z. Yield per
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recruit analyses were conducted using Beverton and Holt yield/recruit relative
(Y’/R) and biomass/recruit relative (B’/R) models (Beverton and Holt, 1957).
RESULTS
Size Distribution
During the period of 1999-2000, 2137 lobsters were measured, of which
1037 were males and 1100 females. The size range for males was from 62 mm
to 216 mm of CL whereas the size range for females was from 60 mm to 152
mm. The mean CL for males and females were 103.3 mm and 98.3 mm,
respectively. The modes of the length frequency distribution for males and
females were 89 mm and 90 mm, respectively (Figure 1). Twenty three percent
and 17% of all females and males, respectively, measured from 1999 to 2000
were below the minimum legal size (89.5mm). Figure 2 shows the recruitment
patterns of P argus males and females. Year round recruitment with a single
peak was observed for both males and females around summer.
Growth and Mortality Parameters
The estimated values of L∞ for females ranged from 185 to 191 mm CL
(Table 1), and K values ranged from 0.23 to 0.25. For males the L∞ values
ranged 195 to 197 mm CL, and K values were estimated at 0.24. Females had
higher good fitness indices (Rn) of ELEFAN I.
The length-converted catch curve estimates ranged from 1.32 to 1.35 for
males and 1.25 to 1.85 for females (Table 2). Length at first capture (Lc) for
males was around 88 mm and for females it ranged from 86.3 to 87.4 mm. The
Z estimated from Jones length cohort analysis ranged from 1.01 to 1.02 for
males and 1.05 to 1.11 for females (Table 2). The exploitation ratios from
length converted catch curve were between 0.74-0.75 for males and 0.73-0.82
for females. Whereas, exploitation rates from Jones length cohort analysis
were around 0.66 for males and 0.68 to 0.71 for females. Average exploitation
ratios from the two different methods were well above the optimum
exploitation rate (E=0.5) suggesting that the St. Croix spiny lobster is
overfished.
The mean fishing mortalities obtained Jones length cohort analysis for fully
recruited length groups obtained were around 0.67-0.68 for males while 0.710.94 for females, respectively. Mortality estimates from Jones length cohort
analysis were used for the yield per recruit analysis since length catch curve
methods tend overestimate mortality parameters due to variable recruitment
and migration of larger specimens (Baisre and Cruz, 1994).
Yield Estimates
The Beverton relative yield per recruit model for males in 2000 implies that
with values of E =0.66 and Lc =88.05 mm the current lobster fishery is
harvesting approximately near 95.6% of the potential yield (Figure 3a).
Likewise, the analysis for females show that with a value of E= 0.68 and Lc=
86.2 mm the fishery is harvesting 94% of the potential yield in females (Figure
3b). The results also indicate that the current levels of fishing pressure have
not exceeded the maximum sustainable levels. The EMSY (exploitation rate at
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its maximum sustainable yield) for males and females (0.69 and 0.72,
respectively) have not been surpassed by the current exploitation ratios (0.66
and 0.68).
DISCUSSION
Information on the general life history, as well as on growth rates, size
frequencies, mortality rates, abundance indices and other parameters is
paramount for effective fishery management of economically important species
in Puerto Rico. Previous this study, no specific estimates of growth and
mortality parameters existed for spiny lobsters from Puerto Rico.
On the last spiny lobster stock assessment workshop held by the Caribbean
Fishery Management Council, the scientific panel attempted to build reliable
yield per recruit analysis models using length frequency data from Puerto Rico
commercial biostatistical data (Bohnsack et al., 1992). However, reliable
estimates of growth parameters such as L∞ (asymptotic length) and K (body
growth coefficient) were unsuccessfully estimated for various reasons: data
were limited and carapace measurements were to the nearest one tenth inch,
which was too wide an interval to show distinct size frequency peaks.
Growth rate is the most studied aspect of spiny lobster biology. However,
accurate growth estimates are problematic due to the difficulty of separating the
two main processes that affect spiny lobster growth: molting frequency and
growth increment per molt. In general, an average growth rate for Panulirus
argus of 5-8 mm increase in CL per month and there are four molts per year
(Munro, 1974; Lipcius, 1985).
There are also artifacts when fitting spiny lobster growth through a von
Bertalanffy growth function. The von Bertalanffy growth model simply
describes the average growth of a spiny lobster cohort rather than the growth of
an individual lobster which would be represented by a stepwise curve as a
consequence of the moulting process (Haughton and King, 1992). In addition
the model does not describe growth during larval stages. Nevertheless, it is
still widely used to model spiny lobster growth although there is growing
evidence that empirical growth models using moult increment and moult
interval allow a better data interpretation (Baisre and Cruz, 1994; Zetina and
Rios, 2001).
Growth curves estimated from ELEFAN I represented a rather poor fit to
the peaks in the length frequency data. The goodness of fit (Rn) ranged from a
minimum of 0.129 to a maximum of 0.142. The relatively poor fit of the
growth curves suggested multiple recruitment pulses probably as a result of
spawning year all round.
Estimates of growth parameters from elsewhere in the Caribbean indicate
that P. argus is long lived, slow growing and has low rates of natural mortality
(Munro, 1974; Clairovin, 1980; Lozano et al., 1991; Phillips et al., 1992;
Haughton and King, 1992; Leon et al., 1995). However, there are several
discrepancies when comparing growth rates by gender. Cruz and de Leon
(1991), Lozano et al. (1991), Castano and Cadima (1993), and Ivo (1996)
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estimated higher K values for females, whereas other studies report females
with lower growth rates than males (Olsen and Koblic, 1975; Waugh, 1981;
Gonzalez-Cano, 1991; Leon et al., 1995; Gonzalez-Cano and Rocha, 1995, and
Mateo and Tobias, 2002).
Table 3 gives estimates of growth parameters for P. argus from different
parts of the Caribbean. Growth coefficients from P. argus, sexes combined,
are generally low ranging from 0.16 to 0.45. Estimates of L∞ have been
reported to vary from 154 to 225 mm. The estimate of growth performance
index for the (3.96) from P. argus males for year 2000 lie well within a 95%
confidence interval (3.90-4.02) of phi (ϕ) based on a mean of 3.96 (SE=0.03).
Similarly, the 2000 estimate of growth performance index for females using
ELEFAN I (3.89) lie well within a 95% confidence interval (3.77-3.91) of phi
based on a mean of 3.84 (SE=0.03).
Mortality estimates in P. argus is also difficult to obtain due to the lack of
accurate age-based data (Baisre and Cruz, 1994). Crustaceans have no
permanent hard body parts, such as fish otoliths or molluscan shells, to carry a
record of seasonal or annual changes in growth rates allowing actual ageing or
validation of indirect ageing methods to take place. Age-based assessments of
P. argus stocks are therefore hampered because, the calcified exoskeleton is
shed at ecdysis leaving no hard bony tissue from which annual ring markings
can be distinguished. As a result, the fitting of normal curves to polymodal
length-frequency distributions appears to be the most promising means
available. Size frequency distributions in animal populations are often
polymodal, each mode representing an individual cohort. By separating these
distributions into their component size classes, changes in position of these
modes over time allow a population growth curve to be produced (Bhattacharya,
1967). In P. argus, this method has moderate application due to the variability
in individual growth; coupled with a slowing down in rates of growth in the
older age classes, especially mature females (Haughton and King, 1992).
Likewise, the migratory behavior of the spiny lobster can potentially give
biased estimations of mortality. It is generally accepted that lobsters gradually
migrate to deeper waters as they grow older. If lobsters migrate from the fishing
grounds into deeper waters where they are inaccessible to fish traps and divers,
such migrations would be incorporated in the total mortality value Z which
therefore would be overestimated as well as the fishing mortality and
exploitation ratios.
Total mortalities (Z) from length catch curves ranged from 1.32 to 1.35 for
males and 1.25 to 1.85 for females. These mortality estimates are more in
agreement with data using length based methods from other highly exploited
lobster populations in the region such as those of the Bahamas: Z=1.44
(Waugh, 1981); Jamaica: Z=2.19 males, 2.88 females (Haughton and King,
1992); Florida: Z=2.59 (Warner et al., 1977), Z=4.09 (Lyons et al., 1981),
Z=1.18 (Powers and Bannerot, 1984), Z=1.85 (Powers, 1985); Brazil: Z=1.27
(Fonteles-Filho, 1994), Cuba: Z=1.9-2 (Baisre and Cruz, 1994), and St Croix,
USVI: Z=1.24-1.91 males, 0.8-1.58 females (Mateo and Tobias, 2002).
However, average Z from Jones length cohort analysis for males ranged
from 1.01 to 1.02 while females average instantaneous mortalities ranged from
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1.05 to 1.11. These values are similar with other lobster stock assessment
studies using length/age structured methods such as in Florida: Z=1.09 for
females, Z=1.19 for males (Muller et al., 1997); Mexico: Z= 0.95 (Zetina and
Rios, 1998); St. Kitts: Z=1.09 (Goodwin et al., 1986) and St Croix, USVI:
Z=0.83-1.13 males, 0.72-0.83 females (Mateo and Tobias, 2002).
Exploitation rates from males and females calculated from all methods were
greater than the accepted optimum level of 0.5 (Pauly and Soriano, 1986) and
suggest that spiny lobster fishery in Puerto Rico is under heavy fishing
pressure.
The main recruitment seasons determined by ELEFAN are in agreement
with other studies by Monterrrosa (1986) and Boardman (1981) in which spiny
lobster recruitment in Puerto Rico occurs year around with maximum seasonal
pulses around late summer-early fall.
Evaluation of different exploitation strategies, in particular the trade-offs
between small size at first capture and large size at first capture for P. argus
males and females was done with the Beverton yield per recruit analysis. This
model incorporates estimates of growth and mortality rates to estimate potential
yield for any desired combination of fishery effort and minimum size.
However, the reliability of this analysis of size and yield is limited by the
quality of the parameters. Some parameters are not precisely estimated. This
is very important because small changes in some parameters can make large
changes in the predicted size at maximum yield. This is particularly true for
the estimates of fishing and natural mortalities, which are the least reliable of
all the necessary parameters. It also estimates yield from the available
recruitment and does not consider the effect of variable recruitment (Baisre and
Cruz, 1994).
Results from the yield per recruit analysis suggest there seems to be little
potential for an increase in Y/R if effort were increased with the current length
at first capture. Likewise, increasing length at first capture Lc with the current
level of effort will not result in a significant increase of yield per recruit. The
results of the model shows that most of the potential yield might be harvested
by maintaining the current fishing effort at the present level or barely reducing
it, However, no account is taken of the impact of reduction of spawner biomass
on recruitment.
According to the Beverton model, yield is directly proportional to yieldper-recruit over a wide range of fishing mortalities only if it can be assumed
that there is no relationship over a wide range of F and E values between the
size of the parental stock and its progeny. Thus, the values of F or E needed to
produce a maximum yield-per-recruit will tend to generate very low yields,
because Fmax and Emax usually reduce the parental stock to a level at which few
recruits are produced.
Although the mortality estimates may be subject to considerable errors as
consequences of violations of some assumptions made during analyses, the
present level of fishing mortality appears to be much greater than the optimum
required level for the lobster fishery suggesting that this fishery resource is
fully exploited and current management measures must be revised to sustain
and probably optimize yield.
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Our findings, although they are preliminary, are in agreement with a recent
study done by Bolden 2001 in which suggested a continuing trend toward
growth overfishing as first identified by Bohnsack et al. (1992) 10 years ago.
When Bolden compared historical biostatistical data from USVI and Puerto
Rico from 1983 to 1999, she found that PR spiny lobster populations had
smaller mean carapace lengths, frequency distributions centered around a
smaller length class, lower fecundity, skewed sex ratios, and a greater portion
of the landings being comprised of sublegal sized females compared to USVI.
Another interesting finding is that from biostatistical data individual trip
information, it was found that there has been a slighter decline in lobster catch
rates in Puerto Rico across years.
Management of the Spiny Lobster in the US Caribbean is complicated by
failure to enforce regulations, a lack of local basic information on the biology
and ecology of the species, and a lack of management oriented research. Longterm research designed to understand the dynamics of different stocks is
usually limited to gathering data and hardly ever reaches the stage of data
processing and publication. In certain cases, regulations have no clear
biological or economical bases and are not closely enforced. Fishermen
cooperation along with fishery researchers and government, which is of major
importance for the success of sustained management, has historically depended
on political decisions and does not exist for prolonged periods.
Regulations for the Spiny lobster in the US Caribbean have not changed in
17 years (CFMC 1985). The latest NMFS stock assessment studies from
Bohnsack 1992 and Bolden 2001, although they provide useful information
about the current status of the spiny lobster, their information from the
biostatistical data have a low number of observations and have an associated
degree of uncertainty. This associated uncertainty reduces the effectiveness
with which the fishery may be managed. Thus it is major importance that fully
coordinated research involving fisheries researchers, government, fishermen,
and industry be initiated in the near future to obtain critical data to permit the
development of sound management strategies. At this actual moment, future
yield from the spiny lobster stock seems dependent on effective enforcement of
the minimum legal size limit to optimize yield from the available recruitment
and prevent substantial further declines in spawning stocks.
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Table 1. Estimates of length (L∞), body growth rate (K), goodness of fit index
(Rn), age at birthday (T0) and growth performance index φ (phi) by sex for the
spiny lobster, Puerto Rico using ELEFAN.
Sex/Parameters
1999
Male
2000
1999
Female
2000

L∞
197
195
191
185

K
0.24
0.24
0.25
0.23

Rn
0.129
0.138
0.142
0.139

T0
0.38
0.38
0.29
0.28

ϕ (phi)
3.96
3.96
3.96
3.89

Table 2. Estimation of fishing mortality (F), exploitation ratio (E=F/Z), and
length at first capture (Lc) by sex using Length Catch Curves and Jones length
cohort analysis for the spiny lobster, Puerto Rico.
Sex/Parameter
1999
Male
2000
1999
Female
2000

Length Catch Curve
Z
F
E
1.32 0.98 0.74
1.35 1.01 0.75
1.85 1.51 0.82
1.25 0.91 0.73
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Jones Length Cohort Analysis

Lc
88.02
88.35
87.70
86.25

Z
1.02
1.01
1.11
1.05

F
0.68
0.67
0.94
0.71

E
0.66
0.66
0.73
0.68

Lc
87.96
88.05
87.45
86.25

Table 3. Comparison of length (L∞) and body growth rate (K) by sex using
Pauly's equation ϕ (phi) (Pauly, 1984) for the spiny lobster from different areas
in the Caribbean.
Area
Brasil

Sex
M
F
M
USVI
F
Martinique M
F
M
Bahamas
F
M
Cuba
F
M
Bermuda
F
M
Cuba
F
M
Mexico
F
M
Mexico
F
M
Cuba
F
M
Jamaica
F
M
Nicaragua
F
M
Cuba
F
M
Cuba
F
M
Cuba
F
M
Brazil
F
M
Mexico
F
M
Brazil
F
M
St. Croix
F
Puerto Rico M
F
(2000)

(L∞)
141
148
153
133
190
188
190
190
169
139
204
192
142
122
257
215
198
165
250
171
210
195
169
160
190
174
178
171
185
154
207
162
217
146
257
233
192
172
195
185

K ϕ (phi)
0.34 3.82
0.38 3.92
0.44 4.01
0.32 3.72
0.25 3.96
0.23 3.91
0.26 3.97
0.23 3.92
0.22 3.80
0.31 3.77
0.18 3.87
0.15 3.74
0.30 3.78
0.3
3.65
0.2
4.12
0.25 4.06
0.24 3.97
0.22 3.77
0.27 4.23
0.39 4.06
0.24 4.02
0.28 4.03
0.23 3.82
0.40 4.01
0.31 4.05
0.24 3.86
0.21 3.82
0.21 3.81
0.23 3.90
0.19 3.65
0.26 4.04
0.18 3.67
0.25 4.07
0.22 3.67
0.229 4.02
0.236 3.92
0.25 3.96
0.22 3.81
0.24 3.96
0.23 3.89

Source
Dos Santos et al., 1964
Olsen and Koblick, 1975

Clairovin, 1980
Waugh, 1981
Cruz et al., 1981
Evans, 1988
Baez et al., 1991
Arce et al., 1991
Gonzalez-Cano, 1991
Phillips et al., 1992
Haughton and King, 1992
Castano and Cadima, 1993

Leon et al., 1994
Baez et al., 1994
Leon et al., 1995
Gonzalez-Cano and Rocha, 1995
Gonzalez-Cano and Rocha, 1995
Ivo, 1996
Mateo and Tobias, 2002
Mateo, In press
(this study)

14

List of Figure Captions.
Figure 1. Length frequency distribution of the spiny lobster Panulirus argus,
male and female, by year and von Bertalanffy growth curves produced by
ELEFAN I.
Figure 2. Recruitment patterns for Panulirus argus, male and female, for year
2000.
Figure 3. Yield per recruit isopleth for Panulirus argus, male and female, as a
function of exploitation ratio (E) and size at first capture relative to
asymptotic length (L50 / Loo).
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Figure 1. Length frequency distribution of the spiny lobster Panulirus argus,
male and female, by year and von Bertalanffy growth curves produced by
ELEFAN I.
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Figure 2. Recruitment patterns for Panulirus argus, male and female, for year
2000.
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Figure 3. Yield per recruit isopleth for Panulirus argus, male and female, as a
function of exploitation ratio (E) and size at first capture relative to asymptotic
length (L50 / L∞).
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