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ABSTRACT
the catch of the warty sea cucumber Parastichopus 

parvimensis off northwestern Baja California declined 
since 1997 from 622 metric tons to almost one third 
through the last thirteen years, in a relatively stable har-
vest. the fishery employs 294 fishermen, with annual 
profits of $243,000 usd. the goal of the study was to 
assess the stock biomass, the socioeconomic performance 
of the fishery, and to evaluate harvesting scenarios. A 
relative constancy of fishing mortality (F) and the stock 
biomass were observed the last thirteen years. Current 
profits per fisher are near the maximum the fishery can 
produce, which is profitable under a narrow combina-
tion of age of first catch and F. Fishermen seem to avoid 
unprofitable activity when fishing intensity increases, so 
there is an apparent tendency to reduce economic risk 
by exerting a low effort. Immature animals are exploited, 
but under the low F applied, the stock can withstand it 
without showing signs of depletion. 

INTRODUCTION 
holothurian fisheries are generally small scale and 

based on a few deposit-feeding species belonging to 
two families and five genera (Conan and Byrne 1993). 
Parastichopus parvimensis (Clark) is common from Baja 
California, Mexico, to Monterey Bay, California, usA, 
although only scattered individuals were reported to 
occur north of Point Conception, California. Parasticho-
pus parvimensis is found mainly in low energy environ-
ments from the intertidal down to 30 m and can reach 
a maximum length of 30–40 cm (Bruckner 2006). these 
animals are an important component of benthic com-
munities of the subtidal zone, recycling nutrients and 
cleaning the environment (yingst 1982), being more 
commonly found on rocky and stony grounds from the 
low-tide level to >60-m depth (Woodby et al. 2000). 
they are dioecious and the gender ratio is 1:1 during 
the reproductive stage. Breeding season varies latitudi-
nally along the west coast of Baja California, as in the 
stocks of todos santos Bay and El rosario located in the 
northern peninsula, where it occurs in the spring-sum-
mer period, whereas in Isla natividad and Bahia tortu-
gas, located off the center of the peninsula, it occurs in 

winter-spring (Fajardo-León et al. 2008). Fully devel-
oped gonads were observed in individuals whose body 
weight ranges from 120 to 160 g (Pérez-Plascencia 1995, 
Espinoza-Montes 2000;  Fajardo- Leon et al. 2008) and 
they begin reproducing when they are about two years 
old (Pérez-Plascencia 1995). 

there is little information on the population dynam-
ics of the warty sea cucumber. Muscat (1982) mentioned 
that recruitment is sporadic and that natural mortality is 
very high. schroeter et al. (2001) found seasonal varia-
tions in the density of this species in California, usA, 
recording the highest values in spring and the lowest 
in autumn. toral-granda and Martínez (2007) describe 
the reproductive biology and population structure of 
the sea cucumber of the galapagos Islands. the fishery 
of the warty sea cucumber in Baja California, Mexico, 
started formally in 1989, and is done mainly by the red 
sea urchin fishermen, who obtained fishing permits for 
its commercial exploitation, making this activity com-
plementary and alternative to that of the sea urchin fish-
ery. this activity takes place mainly when the red sea 
urchin fishery is closed from March to June each year. 
Currently, stakeholders are mostly red and purple sea 
urchin fishermen, who use the same fishing grounds, 
equipment, and capture system (hookah diving). Each 
team consists of a fishing boat with three crew members: 
the captain, the air provider, and a diver (salgado-rogel 
and  Palleiro- nayar, 2008). Fishing takes place along the 
Pacific coast of Baja California, from Ensenada, Baja Cal-
ifornia close to the us border, to Bahia Asuncion, south-
ern Baja California, in the middle of the peninsula. In 
the the state of Baja California sur, the fishermen require 
special permits, whereas in Baja California (northern 
Baja) it is entirely commercial. In Mexico, P. parvimen-
sis is exempt from the noM-059-ECoL-2001, which 
includes species under special protection (doF 2002); 
however the national Fisheries Chart (doF 2004), the 
Mexican regulatory legal instrument, states that the sea 
cucumber fishery is deteriorating and that management 
guidelines should be based on the assignment of catch 
quotas, with the removal of 10% of the exploitable bio-
mass. the warty sea cucumber fishery in Baja Califor-
nia is based on the catch of nearly 250 metric tons (mt) 
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stock is exploited in four fishing zones. the fishing zone 
I goes from the usA border to Punta Banda, zone II 
ranges from Punta Banda to Punta Colonet, zone III 
from Punta Colonet to El socorro, and zone Iv from 
El socorro to El rosario (figs. 1, 2). 

Exploitation of the sea cucumber has become a pro-
ductive activity for exporter countries to Asian markets, 
where the demand for this product seems to be con-
stantly increasing. In consequence, some tropical pro-
ducers, such as Mexico and Ecuador, have responded to 
this demand by exploiting their sea cucumber stocks to 
the point of depleting some populations, which are not 

by 270 fishermen in 90 fishing boats allocated to four 
fishing zones (fig. 1), during a 55-day fishing season, and 
made at depths no deeper than 20 m.

the fishery takes place along the northern half of the 
western Baja California peninsula, between 29˚2' and 
32.5˚n latitude. there is a high demand by the Asian 
market for the warty sea cucumber. this and the appar-
ent scarcity of the product led to the assumption that 
the stock is overexploited and the need to assess this 
fishery with a socioeconomic diagnosis. For this rea-
son, this paper provides some management options that 
are not considered in Mexican fishery regulations. the 

Figure 1. Fishing zones of the warty sea cucumber along the northwestern coast of Baja California, Mexico.
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Figure 2. Catch records (t) of the warty sea cucumber exploited in all fishing zones (A) and  in each of 
the four fishing zones (B) off the northwestern coast of Baja California, Mexico.
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of the age composition of the catch were made and fur-
ther analysis, including scenarios of feasible harvesting 
strategies, were evaluated with the aid of the simulation 
model FIsMo (Chávez 2005). With these partial results 
the total mortality (zt) could be determined with the 
exponential decay model as 

na+1 = na ∙ e(–zt )  (1)

where na+1 is the number of warty sea cucumbers of 
age a+1 and na is the number of warty sea cucumbers 
of age a in reconstructed age groups. With the numbers 
per age known, the use of the von Bertalanffy growth 
equation allowed the determination of their correspond-
ing lengths at age. time units are years. 

In the virtual population reconstructed, the age 
structure for each year was estimated assuming a con-
stant, natural mortality (M). In the exploited age groups, 
the fishing mortality (F) was added to M and so the 
total mortality was known, z = M + F. For setting the 
variables of the initial state, the abundance per age-class 
(na,y) was set using the age-specific abundance na/∑na 
obtained from equation (1). In subsequent years, the 
age structure was defined after the estimation of the 
number of one-year-old recruits. these values were 
used to calculate catch-at-age as proposed by sparre 
and venema (1992) and were integrated into the sim-
ulation model as

  Ft ya,y = na,y · Wa,y  (1–e(–Ft – M))
  (Ft + M)  

where ya,y is the catch-at-age a of each year y, na,y is the 
number of warty sea cucumbers at age a in year y, Wa,y 
is the warty sea cucumber weight equivalent to na,y, Ft 
and M are as described. given the initial conditions, the 
values of ya,y were adjusted by varying the initial num-
ber of recruits and linked to the equations described 
above until the condition of the following equation was 
fulfilled,

  λ

	 ∑ ya,y = yy(rEC) 
  a

where yy(rEC) is the yield recorded during the year y, 
a = 2 years, and tλ	= 3/K or longevity, where K is the 
growth constant of the von Bertalanffy growth equation 
and tλ	= 5 years. the value of a was found by assuming 
that a reasonable life expectancy (Lmax) is when 95% of 
the population reaches 95% of L∞, the asymptotic length. 
thus, by making Lmax = 0.95L∞ in the von Bertalanffy 
growth equation and finding the respective value of t, 
the longevity value was found. however, in the simula-
tion, the model considers up to 20 age groups. use of 
the catch equation was made for each year in the time-
series analyzed. 

abundant and whose dynamics are characterized by being 
density-dependent, with a low recruitment rate, long 
lives, and consequently easily overexploited (Anonymous 
2004; toral-granda and vasconcellos 2008; Friedman and 
gisawa 2010). Examples of this have been shown by the 
Isostichopus fuscus fisheries in the lower gulf of California 
(herrero-Pérezrul and Chávez 2005), Ecuador and the 
galapagos Islands (Carranza and Andrade 1996; Anon-
ymous 2000a), which were depleted, led the Mexican 
authorities to close the fishery during the late 1990s 
(Anonymous 1994; Anonymous 2000b; sonnenholzner 
1997) and reopen it in 2002 under strict control of the 
access to the fishing grounds. 

the maximum catch of the warty sea cucumber was 
recorded in 1992, with 723 mt, but landings decreased 
to around 240 mt in recent years (fig. 2; salgado-rogel 
et al. 2009). 

METHODS 
Monthly samplings were made on sea cucumber land-

ings from all fishing grounds during the season. At each 
sampling, twenty kilos from each of two boats were 
taken and each sea cucumber was put in a plastic bag 
and weighed without water.

Age and growth rate
A requirement for stock assessment is the knowledge of 

the age and growth rate of exploited stocks. this condition 
imposed the need of trying to evaluate the growth rate 
of the warty sea cucumber with sampling data and estab-
lishing the correspondence between length and weight. 
the lack of hard structures where growth rings are usually 
read led to the use of the analysis of this process by means 
of methods based on the indirect estimation of age based 
in the modal-progression analysis of size. First, the data 
from Pérez-Plascencia (1995) were reworked to obtain 
the parameters a and b of the exponential length-weight 
regression to transform the weight data into their corre-
sponding lengths, because the software analyzing growth 
uses only length data. the power regression is 

W = a .Lb 

the assessment of the stock was made using catch data 
for the last fifteen years. Changes in abundance over time 
were determined by using the catch data as a reference 
for estimating the population size. Population parame-
ter values were determined by the use of the ELEFAn 
and Bhattacharya methods in the FIsAt software package 
(gayanilo et al. 1996). Before using these methods, it was 
necessary to transform weight data into their correspond-
ing lengths. Weight-frequency values were obtained from 
samplings made on the catch (figures 3a, b). 

once the catch data and growth rate were known, 
with the aid of the FIsAt software package, estimates 
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stock-recruitment relationship was evaluated by using 
a slightly modified version of the Beverton and holt 
(1957) model in the form 

 a'sosyry+1 =  
 sy +b'so ,

where ry+1 is the number of one-year-old recruits in 
year y+1, sy is the number of adults in year y, so is the 
maximum number of adults in the population, and a' 
and b' are parameters modified from the original model 
where a' is the maximum number of recruits and b' is 
the initial slope of the recruitment line, which was con-
stant through the simulation. the intensity of recruit-
ment depends to a great extent on the stock size, as part 
of an ecological mechanism related to density depen-
dence and carrying capacity.

Model Simulation
the population parameters plus the catch and socio-

economic data were analyzed with the aid of the simu-

Mortality
For the estimation of the natural mortality (M), the 

criterion proposed by Jensen (1996, 1997) was adopted, 
where M = 1.5K. For purposes of comparison, other 
M values were estimated by using methods proposed by 
other authors and are presented in table 1. Estimations 
of the stock biomass and the exploitation rate E = [F/
(M+F)] were made for each age-class in every fishing year 
analyzed by the model. these values were compared to 
the E value at the maximum sustainable yield level (FMsy), 
a special case, which is the maximum exploitation rate 
that a fishery should attain before the stock is overex-
ploited. A diagnosis of which years of the series the stock 
was under- or overexploited was then made, providing a 
way to diagnose the status of the stock and to recommend 
either a further increase or decrease in F at the fishery. 

the annual cohort abundance (na,y) coming from 
ages older than age-at-maturity (tm = 2 years) was used 
to estimate the annual abundance of adults (sy) over 
the years, whereas the abundance of the one-year-old 
group was used as the number of recruits (ry). the 

Figure 3. Weight-frequency distribution of the warty sea cucumber stock after samplings made in A, sam-
pling of landings, and B, fishery-independent samplings. The weight at first catch is about 280 g, shown as 
two white bars, which also is the weight at first maturity. 
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years, is FMsy = 0.3, allowing an estimation of an initial 
recruitment number and then estimations of abundance 
for each cohort during each year.  

Model Validation 
the model was developed with 15 years of catch data. 

In the validation process, the 15th year was left out of 
the direct evaluation and its value was simulated as if it 
were unknown. then the model was fitted to the whole 
series of 15 years. the difference between the recorded 
and simulated values of this 15th year provided a way to 
evaluate the uncertainty in the assessment made for 2009, 
the last year of the catch records analyzed. the catch was 
displayed by the model, where the stock biomass and the 
fishing mortality for each year of the series were estimated.

RESULTS
Evidence of overexploitation of recruits is shown in 

the weight-frequency bar graphs (figs. 3a, b) showing a 
remarkable bias towards the exploitation of juvenile sea 
cucumbers by the fishermen from samplings made of 
the catch landed, as compared to the weight- frequencies 
recorded from fishery-independent samplings. this is 
what is known in fishery biology as recruitment over-
fishing (hilborn and Walters 1992). 

For transforming weight (g) data into their corre-
sponding lengths (cm), the parameters of the length-
weight regression found are a = 0.4 and b = 1.83. then 
the Fisat software package by gayanilo et al. (1996) was 
used, where the Battacharya method for extracting nor-
mal components from length-frequency data was used 
intially. next, the routine named as Elefan method was 
used for the estimation of the growth parameter values. 
these and the other population parameter values found 
and used as input of the model are shown in table 1.

lation model FIsMo (Chávez 2005). the weight at first 
maturity has been estimated to be at about 75 g evis-
cerated weight (tapia-vásquez et al. 1996) and after the 
analysis of weight-frequency of the landed catch and the 
estimation of growth rate, we found that the age of first 
capture is 2 years, which was maintained constant in the 
analysis of the catch records. 

the model reconstructs the age structure over time 
and exploitation scenarios were simulated under differ-
ent combinations of fishing intensities and the age-at-
first catch to maximize the biomass, the profits, and the 
social benefits, as the number of fishermen in the fishery 
and the maximum profit per fisherman. For this purpose, 
analytical procedures adopting the concepts and views of 
Chávez (1996; 2005) and grafton et al. (2007) were used. 

the approach to the socioeconomics of the fishery 
was made through the explicit consideration of the costs 
of fishing per boat per fishing day ($41.30), the num-
ber of boats (98), the number of fishermen per boat (3), 
and the number of fishing days during the fishing season 
(55). the catch value ($2.00) is the price at the dock of 
the warty sea cucumber landed before adding value. the 
difference between the costs of fishing (C) and the catch 
value (the benefit, B) is known, so the value divided by 
the cost is the B/C ratio. In the simulation, the costs 
of fishing per day-boat and catch value were assumed 
constant over time. the information of the 2009 fishing 
season allowed us to reconstruct the economic trend of 
this fishery for the last fifteen years with the aid of the 
simulation model, using the estimates of fishing mortal-
ity over time as a reference and its correspondence to 
the economic variables. the changes in the population 
abundance using the number of survivors in each cohort 
were estimated. the initial condition is set by assigning 
a seed value to F, usually choosing FMsy, which at tc = 2 

TABLE 1
Population parameter values obtained after the analysis of the length-frequency data used for the evaluation of the warty sea 
cucumber fishery. M values obtained after three other methods used for estimating M apart from M = 1.5K are also shown.

Parameter  Value  Units-Model Source

K  0.6 Bertalanffy this paper (ELEFAn)
L∞  50 mm, Bertalanffy this paper (ELEFAn)
W∞ (g) 514 Live weight, Bertalanffy this paper
to  –0.10 years, Bertalanffy this paper
a  0.4 Length–weight  this paper
b  1.83 Length–weight  this paper
Age of 1st catch 2  years, both sexes this paper
Maturity age 2 years tapia et al. 1996
Longevity 5 years As 3/K, this paper
a' 0.29 Beverton & holt s-r After age structure
b' 3.16 Beverton & holt s-r After age structure
M 0.83 Instantaneous rate Pauly (1980); rikhter & Efanov (1976)
M 0.85 Instantaneous rate hoenig (1983)
M  0.9 Instantaneous rate As I.5K (Jensen 1996, 1997)
Emax  0.25 FMsy/(M+ FMsy) Exploit. rate at Msy, this paper
Phi'  3.2 Log K + 2Log L∞ growth performance, this paper
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Fishing intensity and exploitation rate. After the 
estimation of the stock biomass, part of the diagnosis 
consisted in the estimation of F and E over time. For F, 
results show that excepting 1996, when the stock was 
clearly overexploited, in all other years the F values sug-
gest that the fishery was underexploited and in ten of 
the fifteen years examined, the F values are below 0.1, 
indicating a condition of underexploitation, as compared 
to the F at the Msy level that is 0.3, as shown in Fig-
ure 5. the performance of the E values is consistent 
with those of F in 1996, when a strong overexploitation 
is evident. the exploitation rate suggests a condition of 
underexploitation, in particular through the last eleven 
years, when values range below 0.1, with the threshold 
or Msy level at E = 0.25 (fig. 5; table 2). 

Bioeconomic Analysis 
In 2009, the fishery provided jobs to 270 fishermen 

on 90 boats, each boat working 55 days per fishing sea-
son. the cost of each fishing-day per boat was $41.30 
usd and the total fishing effort was 5,390 days. the 
catch obtained was 233 mt with a value of $466,000,  
producing profits of $243,000 with a benefit/cost ratio of 
2.1, which is twice the cost of fishing operations (fig. 6). 
these results indicate that with exception of 1996 and 
1997, when apparently there were no profits, the fishery 
has been a profitable activity and stable economically.

to examine the stock response and its economic con-
dition as a function of the fishing intensity, the simu-
lation describes a series of curves, of which four were 
selected to display the potential socioeconomics of the 

Condition of the Fishery 
Stock biomass. the results show that the stock bio-

mass had a declining trend since the beginning of the 
fishery and during the period of analysis since the first 
year (1995), when the catch was 671 mt. through the 
2000s, the catch has been low and relatively stable at 
low levels, probably caused by the low profits obtained 
during the years of high fishing intensity leading to a 
reduction of fishing effort. the maximum stock biomass 
of the years of analysis also is about 4,300 mt (fig. 4). 
the difference between direct estimations of catch and 
those obtained by simulation ranged between –5.9% and 
+3.3%, with a coefficient of variation of Cv = 0.46.

the intensity of exploitation indicates that the fish-
ery had a very high exploitation intensity during the 
second year. In an apparent consequence of this, the 
exploitation rate E in 1996 was almost twice the level 
of EMsy, with a decrease in biomass, when the model 
output suggests that there were no profits. In an appar-
ent response to this condition, the fishing effort was 
considerably reduced afterward and the catch decreased 
by nearly 50% for 1995 and 1996. Further reductions 
of catch took place thereafter ranging between 186 mt 
and 282 mt since 2001 (fig. 4). At first sight, this trend 
and the overexploitation of juveniles shown in Figure 
3, led us to assume that the catch was reduced because 
the stock was over-exploited. however, after an initial 
decline in 1996, the analysis indicates that the biomass 
has been quite stable since 2000 and therefore a decline 
in the catch must have been generated by a different 
cause, not overfishing. 

Figure 4. Stock biomass (left) and catch (right) in mt of the warty sea cucumber fishery off the northwestern  
Baja California peninsula.

CHAVEZ paste.indd   142 11/7/11   10:11 AM



CHAVEZ ET AL.: STOCK ASSESSMENT OF THE WARTY SEA CUCUMBER FISHERY
CalCOFI Rep., Vol. 52, 2011

143

fishery. these are the yield, the profits, the number of 
fishermen, and the profits per fisher. In two of them 
(yield and fishermen), the maximum F value (FMsy) is 
at F = 0.35 (fig. 7). At this fishing intensity, the maxi-
mum potential yield would be 685 mt, the number of 
boats required would be 846, providing employment to 
2,538 fishermen. however, under this fishing intensity, 
the fishery is no longer profitable, because the B/C = 
1 is attained at F = 0.32. therefore, the performance of 
the output variables imposes the need that F < 0.32 for 
the existence of an economic activity. It is interesting to 
mention that if tc is reduced to tc = 1, then the poten-

tial yield at FMsy would be 1,486 mt with a profitable 
activity, but if tc = 2, the B/C value at the equilibrium 
would be atained at F = 0.317 and the catch at FMsy 
would be reduced to only 685 mt but the fishery would 
be not profitable. the F necessary for maximum prof-
its is found at FMEy = 0.028 with tc = 1, and the profits 
would be about $317 million (M). however, to get to 
this condition, the fishing effort should be reduced from 
the current 5,405 fishing days to 2,911 (fig. 7; table 2), 
implying a reduction of the number of fishermen from 
294 in the current condition to 259.

the FMsy was used here as a reference point to evalu-

Figure 5. Exploitation rate (E) and fishing mortality (F) values of the warty sea cucumber stock, also showing the  
values of E and F at the MSY level (horizontal broken lines) over the fifteen years of analysis.

TABLE 2
Management scenarios for the warty sea cucumber fishery off Baja California. The condition for the 2009 fishing season  

is used as reference. The management options are FMSY = F at the MSY level; FMEY = F at the MEY level, both with a  
tc = 1 year. Costs and value are in USD. Yields are those to be obtained in the long term after the stock is restored.  

The fishing effort per boat was maintained constant in the 55 days per season, as recorded from the year 2009.  
Daily cost per boat is also constant at $41.30, which per fishing season is $9,587.00. C.V. is the coefficient of variation  
of recorded catch, 46.4%. Catch value is expressed in thousand USD. M$/Fisher is the condition of the fishery where  

profits per fisher are a maximum. EE = Economic equilibrium, when catch value is equal to the cost of fishing.

INDICATORS 2009 FMSY FMEY M$/Fisher EE Units

F (/y) 0.05 0.5   0.028 0.03 0.32 rate
tc  2 1 1 2 2 years
E  5 36 3 3 26 Percent
CAtCh  233 1,479   219 143 681 mt
vALuE  466 2,958 437  286 1,362  1,000 usd
FIshIng dAys  5,405  51,975  2,911    2,911  32,998 Per year
FIshErs  294   11,842   259  98 2,510 3/Boat
BoAts     98   3,947 86  33 837
FLEEt CAP.    49   1,973    43     18     419 mt
totAL Costs   223   2,146   120 120    1,362 1,000 usd
B/C 2.1  1.4  3.6 2.2 1.0
ProFIts    243    813 317  148  328 1,000 usd
ProFIts/BoAt   2   0.2    4     4     0 1,000 usd
ProFIts/FIshEr   827  69 1,225  1,521   0 usd
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variables at the economic equilibrium (B/C = 1). When 
the FMsy is chosen as target of the fishery, at F = 0.5, 
the age of first catch must be reduced to tc = 1. here 
the catch would increase to more than six times the 
current value, but this is not a good option because it 
would not be profitable. After a review and evaluation 
of the current and other possible harvesting strategies, 
we concluded that as consequence of the narrow range 
of profitable F and tc values, the current one is close to 
the most convenient option. In table 2 the most likely 
results of the application of these management strate-
gies are shown. 

DISCUSSION
World capture of sea cucumbers reached a peak of 

23,400 mt in 2000, decreasing to about 18,900 mt in 
2001 (vannuccini 2004). the high economic value of 
the sea cucumber fisheries in the international market 
and their low biomass and low turnover rate are factors 
contributing to their vulnerability, making these stocks 
easily overexploited. however, apart from the belief of a 
depleted condition of the stock before this analysis, we 
concluded that the fishery is currently exploited very 
near to the level of maximum profit per fisher, which we 
believe is intuitively adopted by the fishermen. A pos-
sible explanation to this is that the fishery is profitable 
under a very narrow range of tc and F values and there-
fore it is suspected that after an empirical knowledge of 
this from the fishermen’s viewpoint, they may find it 
easier to exploit the stock under less risky conditions, 
leading to harvesting the warty sea cucumber within the 

ate the biological, economic, and social consequences of 
using the current fishing effort or other possible options, 
as shown in table 2, where three different scenarios are 
compared to the current condition. the values of all 
other variables depend on F and tc, so these should be 
considered as the reference or independent variables, and 
indicators in the ouput are the consequences of any strat-
egy chosen. the maximum social benefit is derived from 
the number of boats fishing, so their maximum number 
is multiplied by the number of fishermen per boat and 
this is how the maximum social benefit is known. the 
economic-equilibrium level indicates the F value at the 
limit, where the fishing intensity cannot be increased 
because beyond that level it becomes unprofitable. 

MANAGEMENT OPTIONS 
trends in the fishing mortality (F) over time and the 

estimates of the total stock biomass were examined. the 
criteria for evaluation of fishing scenarios were based 
on the F and the age of first catch at the maximum sus-
tainable yield (FMsy) and at maximum economic yield 
(FMEy), and are shown in table 2. If the fishing authori-
ties decide to adopt any of these options, it would be 
convenient to examine in detail the best way to apply 
the chosen one in such a way that the fishery is sustained 
in the long term and the social problems are minimized. 

With the aid of the simulation model, four possible 
options of F and tc were explored and the most likely 
consequences of each one were evaluated: the condition 
under the FMsy, the condition under FMEy, the F produc-
ing the maximum profits per fisherman, and the state of 

Figure 6. Reconstruction of total profits (bars, left scale) and the benefit/cost ratio (right scale) over fifteen 
years of the warty sea cucumber fishery off the northwestern coast of the Baja California peninsula. The hori-
zontal broken line is the B/C ratio at the equilibrium level (B/C = 1). When B = C the economic condition of 
the fishery is at equilibrium, meaning that the exploitation is not profitable, and when this ocurrs it means the 
begining of a socioeconomic crisis. 
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in this paper indicate that the exploitation of the warty 
sea cucumber stock in Baja California seems to be an 
exception to the most frequent condition seen in sea 
cucumber fisheries. 

the lack of ability to gather the basic information 
needed for management plans, weak enforcement, the 
high demand from international markets, and the pres-
sure exerted from resource-dependent communities 
are identified as the important factors responsible for 
the critical status of the sea cucumber fisheries world-
wide (Carranza and Andrade 1996; sonnenholzner 1997; 
Anonymous 2000a; 2004; herrero-Pérezrul and Chávez 
2005; hearn and Pinillos 2006; toral-granda et al. 2008; 
Friedman and gisawa 2010), leading to an increased con-
cern for their management (Anonymous 1994; rich-
mond 1996; salgado-rogel et al. 2006;  rogers- Bennett 
and ono 2001; Kaly et al. 2007; Friedman et al. 2008).

When a fishery is in a condition of severe exploita-
tion, which is not the case of the warty sea cucumber, 
the obvious recommendation is to close it, because the 
conservation of the resource becomes a priority as com-
pared to social or economic considerations and then 
rights-based management is probably not appropriate 

most profitable range of age of first catch and fishing 
intensity such that it is exploited sustainably.

the dynamics of the sea cucumber fisheries are char-
acterized by overfishing and depletion worldwide, and 
although the solution to restore the stocks seems to be a 
problem far from being solved, action is often taken after 
the stocks have been driven to low levels (rosenberg 
2003). unfortunately, most of these stocks lack evalua-
tion and rarely are under effective control and supervi-
sion, as stated in papers documenting overexploitation, 
overcapitalization, and threats to food security in general 
(Beddington and Kirkwood 2005; Bruckner 2005) and 
with the sea cucumber in particular (Conand and Byrne 
1993; Lovatelli et al. 2004; toral-granda et al. 2008). 
the issues raised include whether restocking and stock 
enhancement should be used to manage the sea cucum-
ber fisheries (Lovatelli et al. 2004). unfortunately, most 
sea cucumber fisheries confirm the statement that they 
have rarely been “sustainable” (Pauly et al. 2002). the 
warty sea cucumber stock is under recruitment overfish-
ing, which given the low intensity of its exploitation, it 
does not have a negative impact on the stock biomass 
nor on the stock recruitment process. results presented 

Figure 7. Bioeconomic stock response of the warty sea cucumber fishery off the northwestern Baja California penin-
sula, showing the trend of the potential yield, potential profits, the number of fishermen, and the potential profits/fisher, 
as a function of the fishing mortality, tc=2 years. The maximum profits (MEY) are attained at an F level lower than the one 
required for the MSY. The line describing the numbers of fishermen reaches its maximum at the same FMSY value. The 
profits/fisher are positive at values F < 0.32. 
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for all fisheries (hilborn et al. 2005). under these cir-
cumstances, and if the depletion is not as severe, the key 
point is to find a way to constrain the access to the fish-
ing grounds by minimizing the social impact, the num-
ber of jobs. this is not an easy task because the stock 
effect is a nonlinear function of yield and difficult to esti-
mate with a high level of precision (hannesson 2007). 
In overexploited fisheries, choosing the FMsy or FMEy 
as the target of the fishery, evidently would be a conve-
nient option and any of these should be adopted once 
the stock is restored. 

In many instances, a sustainable management of a 
fishery depends on reliable assessments of the stock. 
how ever, this is a necessary but not sufficient condi-
tion because an effective control of the access to fishing 
grounds and a sound and strict application of regulations 
are also indispensable conditions to guarantee a long-
term exploitation. 

Ecological extinction caused by overfishing pre-
cedes all the other pervasive human disturbances to the 
coastal ecosystems, but data also demonstrate achiev-
able goals for restoration and management (Jackson et 
al. 2001). unsuccessful systems have generally evolved 
from open access, attempts at a top-down control with 
a poor ability to monitor and implement regulations, 
or reliance on consensus (hilborn et al. 2005). new 
definitions of sustainability will attempt to incorpo-
rate the economic and social aspects of the fisheries 
(Quinn and Collie 2005) and our work is an example 
of such an approach. 

the profits of any fishery depend upon the cost of 
fishing operations and the catch value, such that even 
under the same fleet size, changes in catchability caused 
by seasonal changes in behavior or physiological con-
dition, and accessibility of the stock to fishers may lead 
to a different catch per unit of effort even if the effort 
is relatively constant. these changes imply differences in 
costs and profits. In a well-managed fishery it is usually 
more convenient to adopt the FMEy value as the target 
rather than the FMsy because it implies a lower risk of 
overexploitation (Chávez and gorostieta 2010). Appro-
priate control regulations are required to control the 
exploitation to maintain the warty sea cucumber fish-
ery sustainable over time and space. the conversion of 
scientific advice into policy, through a participatory and 
transparent process, is at the core of achieving fishery 
sustainability (Mora et al. 2009) and it is hoped that the 
results given here can be used for a sustainable exploi-
tation of the warty sea cucumber fishery off the Baja 
California peninsula. 
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