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RESUMEN

Evaluación de bocanegra (Helicolenus dactylopterus) en aguas de las Azores durante el período 1990-2002, por
medio de un Modelo de Dinámica de Biomasa. Bocanegra es un pez bentónico, que habita principalmente entre los
500 m y 600 m de profundidad. Este recurso es muy importante económicamente para las comunidades de pescadores
de las Islas Azores. Las capturas aumentaron desde 1990 hasta 1994 para posteriormente disminuir, obteniéndose el
valor más bajo en 1999. La captura por unidad de esfuerzo estandarizada (CPUE) fue empleada como un índice de
abundancia relativa; este índice de CPUE se obtuvo usando un Modelo Lineal General que incluyó varios factores: tipo
de embarcación, año, mes y tamaño del barco. Los últimos tres factores resultaron ser estadísticamente significativos.
Para la evaluación de bocanegra se usó una versión discreta del Modelo de Dinámica de Biomasa de Schaefer y los
parámetros fueron estimados usando la serie de CPUE estandarizada para la calibración. Un análisis de riesgo usando
simulación de Monte Carlo se llevó a cabo para estimar las probabilidades de que la biomasa a principios de 2003 se
ubicara por debajo de la biomasa a principios de 2002, una vez extraída una captura dada. Este análisis determinó, supo-
niendo un criterio precautorio y teniendo en cuenta que el recurso podría estar en una situación desfavorable (0,19<
B2002/Bopt <1,55, con una probabilidad del 95%), que la captura para 2003 no debería superar las 250 t, que corres-
ponde a una probabilidad del 10% de que se genere una disminución de la biomasa a principios de 2003.
Complementariamente, como otro indicativo del estado del recurso se analizó la distribución de tallas en los desem-
barques. Este análisis mostró una tendencia decreciente de la talla media, principalmente para capturas provenientes de
regiones donde fueron encontradas las concentraciones más altas (profundidades mayores a 300 m). Se recomiendan
evaluaciones anuales futuras para poner al día las estimaciones y el diagnóstico del estado del recurso de bocanegra.

SUMMARY

Bluemouth, a benthic fish, mostly inhabiting at depths between 500 m and 600 m, represents a highly valuable econo-
mic resource for local fishermen at the Azores Islands. Nominal catches of Bluemouth increased from 1990 through
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INTRODUCTION

Several demersal fish species support the dem-
ersal fishery around the Azores Islands. This fish-
ery has been increasing since the 1980’s, as new
vessels and fishing gears were introduced. Bottom
long-line (stone-buoy) is now the most common
gear, well suited for the rough oceanic bottom
topography and the lack of a shelf area. Nowadays,
fleet operations are very different from those prac-
tised earlier which has resulted in the transforma-
tion of the regional economy. Bigger catches were
obtained and now fishing targets deepwater
species (>150 m), such as Bluemouth, Helicolenus
dactylopterus (Menezes, 1996; Melo, 1997;
Menezes et al., 2000; Krug et al., 2001).

Bluemouth is a benthic fish mostly found at
depths ranging from 500 to 600 meters. This
species constitutes an important economic
resource for local fishermen (Silva et al., 1994;
Menezes et al., 2000). Nominal catches of
Bluemouth increased from 480 t in 1990 to 698 t
in 1994. Catches decreased afterwards, reaching
in 1999 the lowest value recorded (340 t) (Silva et
al., 1994; Melo, 1997; Menezes et al., 2000).

The economic importance of this fishery turns
the state of the Bluemouth stock and the evalua-
tion of its potential into matters of major con-
cern, making accurate abundance indices esti-
mates a crucial matter. Standardised catch per

unit effort (CPUE) is usually used as an index of
abundance for fish populations. Such standard-
ised indices are often obtained by “filtering” the
observed CPUE data and using multiplicative
models (Robson 1966; Large, 1992; Hilborn and
Walters, 1992).

The discrete version of the biomass dynamic
model as proposed by Schaefer, without assuming
an equilibrium condition (Punt and Hilborn, 1996),
has shown to be useful for assessing fish popula-
tions when the information available about the
fishery is limited. This model does not require
information about the stock composition by age
groups. The limited information on the Bluemouth
fishery currently available (Perrotta, 2002), makes
this fishery an adequate study case for the applica-
tion of biomass dynamic models. Therefore, in this
paper an application of this model is being used to
estimate the temporal development 1990-2002 of
the total exploitable biomass and the Total
Allowable Catch (TAC) of the Azorean
Bluemouth. It is important to mention that the only
previous estimate of TAC was given by Silva et al.
(1994) who used a virtual population analysis for
fixing the TAC for 1995 at 420 t.

Hence this paper deals with the following
subjects:

- estimation of annual standardised CPUE
indices;

- estimation of the exploitable stock biomass
and annual surplus production;
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1994, and declined afterwards reaching in 1999 the lowest value recorded. Standardized catch per unit effort (CPUE) was used as an index
for stock relative abundance; a General Linear Model, considering several factors that may have affected the fishing efficiency of com-
mercial vessels, was run to obtain this CPUE index. These factors were: fleet type, year, month, and boat size; the last three factors were
found to be statistically significant. A discrete version of the Schaefer´s Biomass Dynamic Model was applied to the Bluemouth stock
assessment and the model parameters were estimated using the standardised CPUE series for calibration. A risk analysis using Monte
Carlo simulations was carried out to estimate the probability of the stock biomass at the beginning of 2003 to be below the stock biomass
at the beginning of 2002, after a given catch was extracted. Assuming a precautionary approach and keeping in mind that this resource
could be depleted (0.19 <B2002/Bopt <1.55, with a 95% probability), this analysis determined that catches for the year 2003 should not
exceed 250 t, which correspond to a 10% probability of generating a biomass decline at the beginning of 2003. Complementarily, as an
additional indicator of the state of the resource, the size distribution of Bluemouth landings was analyzed. This analysis showed a decre-
ase of the mean length, mainly for catches coming from regions with the highest concentrations (depths greater than 300 m). Future annual
monitoring efforts to estimate and diagnose the state of the Bluemouth resource are highly recommended.

Palabras clave: Helicolenus dactylopterus, evaluación de recursos, riesgo, modelo matemático, captura/esfuerzo, Islas Azores.
Key words: Helicolenus dactylopterus, stock assessment, risks, mathematical models, catch/effort, Azores Islands.



- estimation of maximum sustainable catch-
es and replacement catch, and

- determination of possible levels of sustain-
able catches and associated risks of recom-
mending those catches as TACs.

The possibility of conducting regional studies
has improved the understanding of species inhab-
iting different geographical areas. This is the case
of the Helicolenus dactylopterus lahillei, found off
Argentina, Uruguay and southern Brazil (Sánchez
and Acha, 1988; Cousseau and Perrotta, 2004).

MATERIALS AND METHODS 

The study area is shown in Figure 1. Catch and
effort data for the 1990-2002 period were
obtained from the official statistics available at
the Departamento de Oceanografía e Pescas of
the Universidade dos Açores (DOP-UAÇ). The
recording of these data is one of the objectives of
the project “Improving Sampling of Western and
Southern European Atlantic Fisheries – SAM-
FISH, Study Contract 99-009” of the DOP.
Additional data were used for checking the num-
ber and type of boats licensed to bottom fishing.
These additional data were kindly made available

from the databases of the local Azorean
Company, Açoriana de Lotas e Vendagens
(LOTAÇOR).

Menezes (1996) categorised vessels using bot-
tom long-lines (stone-buoy), into local (L) and
coastal (C) vessels. Local vessels are allowed to
fish at no more than 12 nautical miles off the
coast, whereas coastal vessels have fishing per-
mits extended up to 30 nautical miles off the
coast. Considering Menezes’ study, categories are
further subdivided into four types of boats
(Perrotta, 2002, 2003), as follows:

1. open deck, up to 9 meters in length (L and
C); 2. open deck, longer than 9 meters (L and C);
3. closed deck (L and C); and 4. tuna fleet (C).

More than 80% of the catches corresponds to
category 3 (Perrotta, 2002; 2003). Perrotta (2002)
showed that the coastal fleet targeted Bluemouth
all year round with minimum operation during
the winter months (December, January and
February), whereas the local fleet vessels concen-
trated their fishing operation in July (summer).

Total length (TL) samples of Bluemouth land-
ed catch of the Azorean fleet were collected ran-
domly by the DOP-UAÇ and grouped by fleet
category (C and L) for analysis. This analysis
consisted of the calculation and comparison of
the annual total-length averages for all sampled
Bluemouth landings, and for samples coming
from catches taken by the coastal and local fleets
at depths greater than 300 m, where the species is
more abundant (Menezes, 1996; Melo, 1997;
Menezes et al., 2000).

Estimation of catch per unit of fishing effort 

Catch per unit of effort (CPUE) was calculat-
ed as the ratio between the catch (kg) and the cor-
responding fishing effort. Fishing effort was
expressed as the total number of hooks used dur-
ing each fishing trip. 

The most important factors that can affect
CPUE indices are: 1) year, as fish density
changes with time (for instance, owing to the
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Figure 1. Study area.
Figura 1. Área de estudio.



recruitment of different strong year-classes); 2)
location of the fishing grounds, because fish stock
distribution is rarely homogeneous and local den-
sities are often very different, as a result of vari-
able environmental conditions (depth, tempera-
ture, etc.); 3) month, when the catch is taken, as
either the patterns of fish distribution and/or fish
catch capacity may substantially change between
seasons; and 4) type of boat that takes the catch,
as some structural features of a boat are usually
related to fishing power (size, engine power, etc.).
The fishing power can be modified as the boat
becomes older, if new technological devices are
provided or the crew improves their knowledge
of the fishery.

A General Linear Model (GLM) (Large, 1992)
was used to standardise the CPUE index for the
above mentioned factors. A Sigma-restricted para-
meterization was used (Searle, 1987). The model
was fitted to the data using the Statistica 5.5 soft-
ware (Statsoft, 1999). The model considered was:

ln(CPUEltmy) = Constant + Lengthl + Typet +
Monthm +  Yeary + εltmy (1)

where:

CPUEltmy: capture per unit effort corresponding
to lth length class; to tth fleet type; to mth month
and yth year.
Lengthl: effect of the lth level of the factor length
of the boat.
Typet: effect of the tth level of the factor type.
Monthm: effect of the mth level of the factor
month.
Yeary: effect of the yth level of the factor year.
εltmy: the term of error of the model.

Since no data of factor “Area” (location) were
recorded, it was not considered in the model. No
interactions among factors were introduced
because the data presented several empty cells.

The annual values of the ln(CPUE), were
expressed in terms of the original variable
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(CPUE), using for that purpose the transforma-
tion antilogarithm (Hernández, 2004):

= exp (

where:

t: year.
: standardized mean CPUE was estimated

for the “t” year.
: mean of CPUE natural logarithm for

the “t” year.

Biomass Dynamic Model

To assess the Bluemouth stock, a discrete
Biomass Dynamic Model (Polacheck et al., 1993)
was considered:

Bt+1 = Bt + g (Bt) – Ct (2)

where:

Bt, Bt+1: exploitable biomass of the stock at
beginning of the years t and t+1, respectively.
g(Bt): surplus production, as a function of the bio-
mass.
Ct: total catch during year t.

The Schaefer surplus production model is
(Punt and Hilborn, 1996):

(3)

where:

r: intrinsic rate of population growth.
K: stock size in equilibrium, under no fishing
(carrying capacity).

The observed CPUE indices relate to the
exploitable biomass:

CPUEt = q [(Bt+Bt+1)/2] e εt (4)

/K)B(1 Br )g(B ttt −=

tlnCPUE

tCPUE

)(CPUEln ttCPUE



where:

CPUEt: standardised CPUE of the fleet, corre-
sponding to year th.
q: catchability coefficient of the fleet.
and εt is the observation error.

Parameter estimation

The observation error method (Polachek et al.,
1993) was used to estimate the parameters of the
model, and a standardised CPUE series was used
for calibration. Assuming εt normally distributed,
with mean 0 and variance σ2, the maximum like-
lihood estimates for the parameters B0 (biomass
of the year 1990), r and K are obtained by mini-
mizing the function:

φ = Σ
t

(ln (CPUEt) - ln(q) - ln [(Bt + Bt+1)/2])2 (5)

On the other hand, the maximum likelihood
estimates for ln(q) are obtained from (5), from the
formula:

ln(q) =  
Σ
t

(ln (CPUEt) - ln [(Bt + Bt+1)/2])

n

where n is the number of observations.

The nonlinear mathematical programming,
was employed to minimize expression (5). 

Management parameters 

The most important fishery management
parameters (which are functions of the parameters
of the Biomass Dynamic Model: r, K and q) are:

MSY: maximum sustainable yield (maximum
yield obtainable from a balanced population, at
the level of optimum biomass);
Bopt: optimum biomass (biomass that yield the
MSY);

Cs: substitution catch (year 2002 catch allowing
for a 2003 biomass to be the same as the 2002
biomass);
FMSY: fishing mortality rate corresponding to
MSY;
Fs: fishing mortality rate corresponding to the
substitution catch.

Other parameters can be considered to be indi-
cators of the state of the resource and the stock
exploitation, such as:

B2002/K: level of the 2002 biomass, as a propor-
tion of K; and
B2002/Bopt: level of the 2002 biomass, as a pro-
portion of the optimum biomass. 

Risk analysis and uncertainty

Caddy and Mahon (1996) defined risk as “the
probability of something bad happening”. In the
present context, a “bad” event would be for the
stock exploitable biomass at the beginning of
2003 to be lower than the stock exploitable bio-
mass at the beginning of the previous year, after
extracting a given catch during 2002. Monte
Carlo simulations were carried out to estimate the
probability of the mentioned event taking place.
The simulations were based on the asymptotic
normal multivariate distribution of the maximum
likelihood estimator (Kendall and Stuart, 1967)
for the parameters q, B0, r and K of Biomass
Dynamic Model (see Appendix).

The run included 20,000 different simulated
estimates for each parameter q, B0, r and K.
Time series of Bluemouth biomass during the
period 1990-2002 were calculated for each set of
parameters. Then, by assuming a hypothetical
catch for the year 2002, the probability of the
biomass at the start of year 2003 to be lower
than the biomass at the start of year 2002, was
calculated by computing the proportion of cases
when this condition was present over the 20,000
simulations.
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The effect of the uncertainty associated with
the estimation of the most significant manage-
ment parameters, was evaluated considering their
confidence intervals, which were estimated using
the percentile method (Efron, 1982) and the
20,000 values of the parameters resulting from
simulation.

RESULTS

CPUE indices 

The distribution of the natural logarithms of
the CPUE, as well as that of the residuals
(Figures 2 and 3) confirmed the basic assump-
tions for the adoption of a GLM. Length, month
and year factors turn out to be statistically sig-
nificant (Table 1). The model explained 24% of
the total variability (Table 2). This low value
could be due to the lack of the “Area” factor in
the model. Nevertheless, the diagnosis of the
model was satisfactory, indicating that our esti-
mates of the CPUE can be considered unbiased. 
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The CPUE estimated by the GLM reached a
peak in the year 1991, declining to its lowest
value in 1993 and followed by relatively stable
annual values until the year 2000 (Table 3). In
general, the fitness of the predicted values of
CPUE estimated by Biomass Dynamic Model to
the corresponding values of the CPUE estimated
by the GLM was satisfactory, with the exception
of the year 1991 (Figure 4). 

Estimate of the biomass, sustainable maxi-
mum yield and substitution catch

Table 4 shows the estimates of the model
parameters and the management parameters,
derived from the model calibration. Figure 5
shows the exploitable stock biomass for the period
1990-2002. This biomass decreased steadily until
1997, growing afterwards until the end of the
study period. The surplus production was negative
during the first year analyzed. Surplus production
was higher than the catch from 1997 to 2001,
whereas they were practically coincident in 2001
(Table 5 and Figure 5). The 2002 stock biomass
(B2002 = 1,818 t) represented only 60% of the car-
rying capacity of the system (K = 3,036 t), exceed-
ed by 20% the optimum biomass (Bopt = 1,518 t)
and represented 48% of the 1990 biomass (B0). 

Figure 2. Distribution of the natural logarithms of CPUEs
(kg nº of fishhooks-1).

Figura 2. Distribución de los logaritmos naturales de las
CPUE (kg nº de anzuelos-1).

Figura 3. Normal probability plot of the natural logarithms
of CPUEs.

Figura 3. Probabilidad normal esperada de los logaritmos
naturales de las CPUE.



The optimum biomass was estimated to be
1,518 t and MSY was about 455 t corresponding
to a fishing mortality of FMSY = 0.30. Meanwhile,
a fishing mortality of Fs = 0.24 allows to obtain
the substitution catch level of Cs = 438 t. All
these estimates have to be considered with cau-
tion, because of the high level of uncertainty aris-
ing from the confidence intervals (Table 4). 

Risk analysis and uncertainty 

Taking into account the risk curve and consid-
ering a 10% probability for the exploitable stock
biomass at the beginning of the year 2003 to be
less than the biomass at the beginning of the year
2002, it is inferred that the catches should not
exceed 250 t (Figure 6). In this situation, the 
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Table 1. Analysis of variance for the General Linear Model fitted to the CPUE data.
Tabla 1. Análisis de la varianza del Modelo Lineal General ajustado a los datos de CPUE.

Variation Degrees of Square Mean Test F Probability
sources freedom sum square (Fisher)

Intercept 1 734.0765 734.0765 735.9074 0.0001
Year 10 176.0458 17.6046 17.6485 0.0001
Length 20 92.5865 4.6293 4.6409 0.0001
Type 3 1.7206 0.5735 0.5750 0.6315
Month 11 65.0060 5.9096 5.9244 0.0001
Error 1,422 1,418.4620 0.9975

Total 1,467 1,859.3790

Table 2. Test results of the model sum of squares test vs.
residual sum of squares.

Tabla 2. Resultados de la prueba suma de cuadrados del
modelo vs. suma de cuadrados residual.

H0: R2=0 Ln (CPUE)

R Multiple 0.4870
R2 Multiple 0.2371
Square sum Model 440.9171
Degrees of freedom Model 44
Mean square 10.0208
Square mean Residual 1,418.4620
Degrees of freedom Residual 1,422
Mean square Residual 0.9975
Fisher (F) 10.0458
Probability 0.0001

Figure 4. CPUE estimated by the General Linear Model
(observed) and predicted CPUE estimated by
Biomass Dynamic Model.

Figura 4. CPUE estimada por el Modelo Lineal General
(observado) y CPUE predictiva calculada por el
Modelo de Dinámica de Biomasa.



88 REV. INVEST. DESARR. PESQ. Nº 17: 81-93 (2005)

Figure. 5. Annual catch, surplus production and predicted biomass at the beginning of the year, estimated by the Biomass Dynamic
Model for the 1990-2002 period.

Figura 5. Captura anual, producción excedente y biomasa estimada al comienzo del año, estimadas a partir del Modelo de
Dinámica de Biomasa. Período 1990-2002.

Table 3. Standardized CPUE annual mean and confidence interval limits (CI).
Tabla 3. Media anual de la CPUE y límites de intervalos de confianza (CI).

Year Mean CPUE           Lower CI limit Upper CI limit
(kg nº of fishhooks-1) 95% 95%

1990 0.0112 0.0089 0.0203
1991 0.0256 0.0197 0.0507
1992 0.0053 0.0038 0.0125
1993 0.0027 0.0022 0.0049
1994 0.0063 0.0050 0.0116
1995 0.0058 0.0046 0.0110
1996 0.0062 0.0049 0.0117
1997 0.0048 0.0038 0.0089
1998 0.0047 0.0039 0.0088
1999 0.0077 0.0062 0.0138
2000 0.0066 0.0054 0.0116
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Table 4. Parameters estimates in the Schaefer’s Biomass
Dynamic Model.

Tabla 4. Parámetros estimados del Modelo de Dinámica de
Biomasa de Schaefer.

Parameter Estimate Confidence
interval limits 

95%

B0 3,779 (1,654; 6,527)
r 0.599 (0.304; 0.889)
K (t) 3,036 (2,353; 3,769)
qf 3.589E-06
MSY(t) 455 (281; 556)
Bopt (t) 1,518 (1,176; 1,884)
Cs (t) 438 (104; 478)
FMSY 0.30 (0.15; 0.44)
Fs 0.24 (0.18; 0.48)
B2002/K 0.60 (0.09; 0.77)
B2002/Bopt 1.20 (0.19; 1.55)

Table 5. Catch, surplus production and biomass values esti-
mated using a Biomass Dynamic Model.

Tabla 5. Captura, producción excedente y biomasa estimada
usando un Modelo de Dinámica de Biomasa. 

Year Catch Surplus Biomass 
(t) production (t)

(t)

1990 480 -555 3,779
1991 483 158 2,744
1992 575 295 2,420
1993 652 379 2,139
1994 698 431 1,867
1995 589 454 1,600
1996 483 455 1,465
1997 410 454 1,437
1998 381 455 1,481
1999 340 455 1,555
2000 441 451 1,669
2001 452 451 1,668
2002 - 438 1,818

Figure 6: Risk curve representing the probability of the bio-
mass at the start of year 2003 to be lower than the
biomass at the start of year 2002.

Figura 6: Curva de riesgo representando la probabilidad de
que la biomasa al comienzo de 2003 sea menor que
la biomasa al comienzo de 2002.

Figure 7. Temporal trends of the mean length of landed
Bluemouth caught by the Azorean coastal and local
fleet at depths greater than 300 m, for the 1990-2000
period.

Figura 7. Tendencias de las tallas medias de bocanegra en
los desembarques de las flotas local y costera de
Azores, correspondientes a profundidades mayores a
300 m. Período 1990-2000.



simulation analysis shows that we could expect a
mean recuperation of the biomass of nearly 9.94%.

Analysis of the mean length in the landing 

A decreasing trend of the mean length of fish
caught at depths greater than 300 meters was
observed (Figure 7). There is also a reduction of
the mean length in the total landings during the
period 1990-2000 (Table 6).

DISCUSSION

The analysis of variance corresponding to the
GLM demonstrated that factors like length, year
and month were statistically significant. In par-
ticular the length factor is related to the dis-
placement of the fleet toward deeper waters.

Perrotta (2002) observed that since 1996 both
local and coastal Azorean vessels have been
fishing more frequently in deeper waters 
(>300 m) and have been able to find more abun-
dant concentrations of the species (Menezes et
al., 2000; Krug et al., 2001). Moreover, when
fishing in deeper waters, the coastal fleet has an
advantage over the local fleet, because of its
greater autonomy. 

The standardized CPUE showed a peak during
the year 1991, which might be an overestimate
owing to either a rather scarce sampling or an
artificial dominance of data from the local fleet
(Perrotta, 2002). A sharp decrease of the stan-
dardized CPUE was observed in 1992, followed
by relatively stable annual values by the end of
the period (year 2000), when both coastal and
local boats started to operate on deeper waters
and exerted higher fishing efforts (Menezes et al.,
2000). In general, CPUE predicted values esti-
mated by Biomass Dynamic Model fitted ade-
quately to the corresponding values of the CPUE
estimated by the GLM.

The estimate of B0 = 3,778 t corresponding
to 1990, was 1.24 times the value of the virgin
biomass in equilibrium (K=3,036 t). This sug-
gests that during the first years of the intensifi-
cation of the stock exploitation, the biomass
was large, presumably owing to past good
recruitment. 

By keeping annual catches lower than 250 t
the resource would not be affected, provided no
abnormal situation occurs. Moreover, we could
expect an average recuperation of 9.94% bio-
mass. However, it is noteworthy that a decreas-
ing trend of the mean length of the landed
Bluemouth was observed. A detailed study, using
a regression analysis was carried out by Perrotta
and Pinho (2002), arriving at the same conclu-
sions. Thus, the precautionary approach seems to
be adequate in the light of these findings, the risk
analysis results and the 48% reduction of the bio-
mass, between the beginning and the end of the
study period.
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Table 6. Annual mean total lengths, standard deviations,
length range and sample sizes for the 1990-2000
period landed catches of Azorean Bluemouth stock. 

Tabla 6. Tallas totales medias anuales, desviación estándar,
rango de tallas y tamaño de las muestras de los des-
embarques del efectivo de bocanegra de Azores,
durante el período 1990-2000. 

Year Lt mean Standard Range n
(cm) deviation (cm)

1990 31.1 6.9 12-51 1,718
1991 32.0 6.6 15-52 1,952
1992 33.4 6.1 16-49 1,984
1993 31.8 6.7 15-48 2,605
1994 31.2 5.1 17-43 1,412
1995 30.1 5.3 15-43 1,884
1996 29.7 5.8 15-49 1,710
1997 30.4 6.1 16-46 1,180
1998 29.1 6.2 15-49 6,587
1999 27.6 6.9 10-49 15,292
2000 30.0 6.8 12-51 32,602



It is also noticeable that CPUE variations and
the effort increment are associated to the general
situation of demersal fishing in the Azores
islands. This general situation includes a decrease
in catches, higher costs of fleet operations,
decrease in fishermen number and increase in fish
commercial price. During the period 1990-2002,
the general average price increased around 1.7
times and in particular 2.3 times for Bluemouth.
Such increments allowed to keep high levels of
economic benefits, in spite of the smaller catches
(Perrotta, 2003).

CONCLUSIONS

GLM analysis improves the meaning of
CPUE studies, because it simultaneously takes
into account several factors that could affect the
capability of commercial vessels to measure
fish abundance. Among the variables consid-
ered in this paper (fleet type, year, month, and
boat size), the last three were statistically sig-
nificant.

A first approach over the Bluemouth stock,
indicated that it did not appear to be in a danger-
ous condition (B2002/Bopt = 1.20). Nevertheless,
considering the reduction of biomass during the
study period, the uncertainty associated to the
parameter estimates and the observed decrease in
the average lengths of the landed Bluemouth
catch, we undertook a risk-adverse attitude.
Therefore, we consider that total annual catch
should be defined below 250 t. This condition
would define a risk not higher than 10% for the
exploitable biomass to decrease at the beginning
of the year 2003. As a general conclusion, annual
evaluations to update the estimates and to diag-
nose the Bluemouth stock are highly recommend-
ed. They must include some measures of the
uncertainties and risks associated to the assess-
ment process, as well as with the management
measures.
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(3.1) Factoring of Cholesky (Akai, 1999) of
the variance-covariance matrix Σ, in the form:

Σ = M Mt

being M an inferior triangular matrix and Mt

the transpose matrix of M.

(3.2) Generation of simulations of the vector
of parameters, starting from:

Θs = Θp + Mu

being:
Θs: simulated vector of the parameters q, B0, r

and K.
Θp: vector of punctual estimates for the para-

meters q, B0, r and K, obtained starting from the
observation error method 

u: independent random vector of compo-
nents, with normal distribution, with mean 0 and
variance 1.
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APPENDIX

Simulation algorithm used to make the risk
analysis

1) Calculation of the Hessian matrix, H, of the
logarithm of the function of maximum likelihood,
evaluated in the punctual estimates of maximum
likelihood for the parameters in the Biomass
Dynamic Model, q, B0, r and K. 

2) Estimate of the variance-covariance matrix
for the parameter estimators q, B0, r and K, cal-
culated starting from (Kendall and Stuart, 1967): 

Σ = - H-1

being H-1 the inverse matrix of H.
3) Application of the simulation method

(Samper Calvete and Carrera Ramírez, 1990),
starting from the following procedure:




