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The gooseneck barnacle (Pollicipes pollicipes) is a highly exploited species in Spain and Por-
tugal due to the great commercial demand and the high prices in the market. Due to the
inaccessibility of the Gaztelugatxe coastal area (Basque Country, Northern Spain), the goose-
neck barnacle has maintained one of the greatest populations of the Basque coast in this
area. Declared as a marine reserve by means of the 229/1998 (Basque Government) Decree, a
2 years moratorium in the gooseneck shellfishing was established. Facing the possibility of
the gooseneck barnacle fishery opening in the area of the biotope, it was noticed the need
for the development of a management tool, capable to think over the different management
decisions: from the complete conservation of the system to the sustainable exploitation of
the resource, joining together different social and biological factors, allowing the protection
of the firsts (protection of the stock) and the development of the seconds (fishery activity).
Based on the population dynamics of the gooseneck barnacle, a system dynamic model
dominated by one positive and three negative loops was developed. The positive loop por-
trays the reproductive and maturation process, ultimately producing more adult gooseneck
barnacles. The negative loops cause the stabilisation as the different stages of the popula-
tion expire due by natural causes and exploitation of the resource. According to the model
results, the best management decision is the maintenance of the moratorium. Taking into
account the dispersion capability of larvae, other areas near the reserve, and subjected to
commercial exploitation like Ogono, Izaro and cape Villano, will benefit from the protec-
tion of Gaztelugatxe production. In the case of exploitation, the best management decision,
which maximises captures and minimises the stock looses in a sustainable manner, is an
alternate exploitation between Aketxe and Gaztelugatxe coastal areas of the marine reserve.

© 2005 Elsevier B.V. All rights reserved.

1. Introduction

It is a heavily exploited species in Spain and Portugal, due
to the great commercial demand and the high prices in the

The distribution area of the gooseneck barnacle (Pollicipes pol-
licipes) comprises the exposed intertidal rocky areas of the
northeastern Atlantic, from the south of Brittany (France) to
the northwest of Africa and the Mediterranean (Barnes, 1996).
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market (Bernard, 1988; Goldberg, 1984), resulting in the over-
exploitation of the stocks (Cunha and Weber, 2001). From the
numerous species distributed all around the world, only two
are present along Basque coast; one of these, Pollicipes pollicipes
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Fig. 1 - Geographic location and limits (dotted line) of the Gaztelugatxe marine reserve. The coordinates are in UTM.

(also, P. cornucopiae) is strictly littoral and forms dense aggre-
gates, over the wave-exposed rocky shore of the intertidal
zone. The first works relating to the gooseneck barnacle on
the Basque coast date to 1892 (Bolivar, 1982), according to the
review undertaken by Barnes (1996). The other species, Lepas
anatifera, is pelagic and always adhered to floating objects.
The first of the species mentioned is the only one of eco-
nomic interest (Molares, 2004). Due to the inaccessibility of
the Gaztelugatxe coastal area (Fig. 1), the gooseneck barnacle
has maintained one of the greatest populations of the Basque
coast in this area (Borja et al., 2000)*.

Following the work undertaken by Borja et al. (2000), the
Gaztelugatxe coastal zone was declared as a marine reserve
trough the 229/1998 (Basque Government) Decree? establish-
ing a 2 years moratorium for the shellfish fishery, including,
among other species, the gooseneck barnacle. At the end of
it, the competent authority in the management of the marine
reserve would decide to maintain or open this moratorium
(Article 5, paragraph b).

Facing the possibility of the gooseneck barnacle fishery
opening in the area of the marine reserve, the need for the
development of a management tool was noticed, capable of
assisting different management decisions: from the complete
conservation of the system, to the sustainable exploitation of
the resource — this would join together different social and
biological factors, allowing the protection of the stock and
the development of the fishery activity. According to Sterman
(1988), the best solution is the development of a system

1 This work was undertaken in 1995 and, afterwards, published
as Borja et al. (2000).

2 Decreto 229/1998 (Pais Vasco), de 15 de septiembre, por el que
se declara Biotopo protegido el area de Gaztelugatxe (BOPV num.
188, de 2 de octubre de 1998).

dynamic model applied to the modelisation and knowledge of
complex systems (in the case of the present contribution, the
population structure and dynamics of the gooseneck barnacle
established by Borja et al. (2004), and its relationship with the
surrounding environment and potential human activity).

The main objective of the tool was to provide answer to
questions formulated by the resource managers of the admin-
istration: (i) is it possible the resource exploitation in the
reserve? and, if the answer is positive, (ii) how many fishermen
can support the system without the progressive collapse of the
stock? (iii) what happens when reducing the minimum legal
length for capture or modifying the capture season? (iv) which
management decisions would be the appropriate in order to
allow the sustainable exploitation of the resource?

2. System description

A system dynamics model consist of a set of relationships
between key variables, expressed in terms of differential and
algebraic equations that are solved numerically, to simulate
behaviour over time (Wakeland et al., 2003). The model is dom-
inated by one positive and three negative loops (Fig. 2).

The positive loop portrays the reproductive and maturation
process, ultimately “producing” more adult gooseneck barna-
cles. In the absence of any stabilising, this loop would result
in the exponential growth of the gooseneck population. As in
other populations dynamic models, such as those described
by Holland and Brazee (1996), Van Den Belt et al., (1998), Borja
and Bald (2000), Bald and Borja (2001), Sampson (2001), Graves
and Stave (2003) and Wakeland et al. (2003), the negative loops
cause the stabilisation as the different stages of the population
expire.
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Fig. 2 - Causal loop diagram model, for the gooseneck barnacle management model.

3. Model development

The stock and flow diagram represents a simple ageing chain,
in which the gooseneck barnacles begin as eggs, eggs hatch to
produce larvae, larvae mature to become juveniles and finally,
adult gooseneck barnacles (both exploited and non-exploited)
(Fig. 3).

The gooseneck barnacle population, from each of the areas
of the marine reserve (Gaztelugatxe and Aketxe), was divided
into three classes: (i) juveniles (those with a capitulum length
<10mm, according to Cruz and Hawkins (1998) and Cruz
(1993); (ii) non-exploited adults (those with a capitulum length
<17 mm, according to Borja et al. (2004); (iii) exploited adults
(>17 mm). Table 1 shows the population structure used in the
model (percentage of individuals for each class), based upon
the work undertaken by Borja et al. (2004). The initial number
of individuals for each class was then calculated, by multi-
plying the total number of individuals in the marine reserve
by the corresponding percentage for each class (Table 1). The
total number of individuals was calculated by multiplying the
average values of density (2627 individuals m~2), percentage
of coverage (43.6%) and spatial distribution area (2512 m?) cal-
culated for the Gaztelugatxe and Aketxe areas of the reserve
(Borja et al., 2004). The stock in kilograms of each class is the
result of multiplying the number of individuals by the aver-
age weight, as calculated by Borja et al. (2004) for each class
(Table 1).

Based upon the growth rates obtained by Goldberg (1984)
(4.55mmmonth~! for juveniles and 2.25mmmonth~! for
adults), together with the average length of each class, the
maturation rates (in percentage) for each class were derived
as 24.68% for juveniles and 3.53% for non-exploited adults
(Table 1). For the settlement rate, the percentage of individu-
als below 2 mm was considered (Hoz and Garcia, 1993). In the
case of the Gaztelugatxe marine reserve, this was 1.4% (Borja
et al.,, 2004).

In general, the mortality at each length class is the result
of a natural mortality, together with a fishing mortality, which
in the case of juveniles and non-exploited adults, is equal
to zero (Table 1). As Molares and Freire (2003) have stated,
the factors regulating the dynamics of the gooseneck barna-
cle population (natural mortality, transport, larval survival,
etc.) have not been studied deeply. Consequently, due to
the absence of adequate references, they have been deter-
mined in the present contribution by progressive approxima-
tion, until achieving stability of the population; this is char-
acteristic of non-exploited gooseneck barnacle populations
(Girard, 1982). Another fundamental characteristic, described
by Girard (1982) and Pineda and Caswell (1997), is the larval
survival increment when there is an increase of the suitable
substrate area for settlement. In order to reproduce this effect,
the natural mortality for juveniles decreases to 50%, when the
resource density reaches values below 1.25kgm—2

On the other hand, another limitation of the model can be
related to the relationship with the environment. For example,

Fertility rate Maturation rate Settlement rate Maturation rate Maturation rate
Egg production Maturation Settiement Maturation Maturation
NAUPLIUS F—>»| CYPRIS 3—p JUVENILES ¥—p| NON EXPLOITED ADULTS F—>| EXPLOITED ADULTS

Natural Mortality rate

Natural Mortality rate

Deads‘—-\ Deads‘—\
7 Fishing captures v Fishing captures
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Fig. 3 — Stock and flow diagram of the gooseneck barnacle population dynamics model.
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Table 1 - Biological parameters used in the model (for details, see text)

Variable Units Larvae Juveniles Non- Exploited Reference
. - exploited adults
Nauplius Cypris malullis

% = = 50 35 15 Borja et al. (2004)
Average length mm = = 5.21 23.77 14.71 Borja et al. (2004)
Average fresh weight g - - 0.022 3.14 0.46 Borja et al. (2004)
Initial number n 6.22 x 10  6.22 x 107 1.45 x 10° 1x10° 423418 Borja et al. (2004)
Initial stock kg - - 36 3152 195 Borja et al. (2004)
Maturation rate % 0.001 - 0.24 0.035 - Borja et al. (2004)
Growth rate % 24.68 3.53 = Goldberg (1984)
Settlement rate % - 1.4 - - - Hoz and Garcia (1993)
Egg production n - - - 8690 69299 Cruz and Araujo (1999)
Fertility rate % = = = See Table 2 See Table 2 Barnes (1992)
Natural mortality rate % 95.51 94.33 38 25.35 3.84 Borja et al. (2004)

kgshellsfisher*day? - =
Days for capture % = =
Initial month for captures Month - -
Duration of fishing season Month - -

Daily capture rate

2 Borja et al. (2004)

- 0.7 Borja et al. (2004)
- October Decree 198/2000?
- 7 Decree 198/2000?

@ Decreto 198/2000, de 3 de octubre, por el que se aprueba el Reglamento de Pesca Maritima Recreativa.

Borja et al. (in press) have demonstrated the close relation-
ship between wave energy and the gooseneck standing stock,
within unexploited areas. These sources of variation will be
included in further improvements of the model.

Due to the geographical proximity of the Gaztelugatxe and
Aketxe areas, the reproduction and maturation dynamics of
nauplius and cypris larvae constitute a common pool for both
areas, due to the spawning of larvae during their planktonic
phase by physical factors (Lauzier, 1999b; Molares and Freire,
2003). The production of new nauplius larvae, by adults, is
the result of multiplying the egg production by the fertility
rate for each type of adults (exploited and non-exploited). The
production number depends upon the capitulum length (Cruz
and Araujo, 1999). Hence, according to the average capitulum
length of the adult population in the Gaztelugatxe marine
reserve (Table 1), an 8690 and 69299 eggs production was
established for non-exploited and exploited adults, respec-
tively. The number of fertilized oviductal sacs determined by
Barnes (1992) was considered as the fertility rate for egg pro-
duction (Table 2). Due to the absence of published references

on this particular subject, based upon the processes described
by Pineda (2000) and the zooplankton study undertaken by
Borja et al. (2000), within the context of the marine reserve, the
natural mortality rate of nauplius and ciprys larvae, as well as
the maturation rate for nauplius (Table 1), were determined
on the basis of a situation of stability of the population.

The fishing capture for a length class depends on their fish-
ing mortality rate, the percentage of days for capture (70%
according to Borja and Bald (2000) and Bald and Borja (2001)),
the initial month for captures (October) and the duration of the
capture season (7 months) (Fig. 4 and Table 1). Based upon the
daily capture rate for shellfishers (Table 1), the final number
of sustainable shellfishers can be calculated.

4. Results

Due to the similar stock availability in the Gaztelugatxe and
Aketxe areas (Borja et al., 2004), the model structure and ini-
tial conditions required for modelling, the results presented in

Table 2 - Reproductive status of gooseneck barnacle (Pollicipes pollicipes) obtained in Biarritz (France)

Date Number of individuals Individuals with Fertilized oviductal sacs (%)
examined oviductal sacs (%)
Biarritz Belle-Ile

27 Oct. 25 0 16.0 2
27 Nov. 20 0 0 0
28 Dec. 20 0 0 0
24 Jan. 37 0 0 0
24 Feb. 15 0 0 0
24 Mar. 15 20.0 0 0
28 Apr. 23 30.4 21.8 0
24 May. 37 91.9 73.0 29.9
23 Jun. 20 90.0 85.0 54.6
21 Jul. 20 80.0 85.0 48.0
25 Aug. 30 50.0 80.0 38.0
30 Sep. 55 28.3 54.3 8

Adapted from Barnes (1992) and Belle-Ile (Girard, 1982).
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Fig. 4 - Stock and flow diagram for fishing captures.

this section refer only to the Gaztelugatxe coastal area; this is
in order to avoid an unnecessary extension of the tables and
figures. Table 3 summarises the results obtained for each of
the eight different management decisions or cases modelled.
For each case, the aim was to simulate the sustainable limit
of the resource, from which a progressively decrease of stock
can be observed. For this purpose, successive increasing fish-
ing efforts, were applied until this limit was reached (named
as maximal sustainable fishing effort), together with the modifi-
cation of other parameters such as the fishing period, captures
duration, harvested areas, etc. In all cases, the temporal limit
for the modelling was established upon 10 years.

The first case fits the model results with the gooseneck bar-
nacle stock evaluation obtained by Borja et al. (2004) (Case

1). For the second to fourth cases, the maximal sustainable
fishing effort in the Gaztelugatxe and Aketxe areas, covers a
capture season duration of even months, starting in October:
(i) for individuals above the legal length for capture (Case 2); (ii)
for individuals below the legal length for capture (Case 3); for
individuals above the legal length for capture and an annual
alternate capture between both areas (Case 4). For the fifth to
sixth cases, the maximal sustainable fishing effort in Gaztel-
ugatxe and Aketxe areas, covers a capture season duration
of 5 months, starting in October: (i) for individuals above the
legal length for capture (Case 5); (ii) for individuals above the
legal length for capture and an annual alternate exploitation
between both areas (Case 6). Finally, the last two cases mod-
elise a maximal sustainable fishing effort in only one of the

Table 3 - Results from the different simulated cases

CASE1® CASE2® CASE3° CASE4? CASES® CASE6'  CASE72 CASE 8t
SJ AK SJ AK
Stock (kg) 3450 2715 2706 2680 2757 2633 1199 2807 1139 2783
Captures (kg) 0 506.80 508.43 1015.89 544 .46 1055.87 771.43 0 1568.40 0
Captures in respect to stock (%) 0 18.11 18.23 35.31 19.71 14.9 61.22 0 99.06 0
Daily average captures for 0 2 2 2 2 2 2 0 2 0
shellfishers (kgday—?)
Shellfishers (no.) 0 1.21 1.21 2.42 1.81 3.52 1.84 0 3.73 0
Fishing mortality rate for exploited 0 4.8 4.8 9.8 7.3 14.9 20 0 53 0
adults (>17 mm) (%)
Fishing mortality rate for 0 0 0.1 0 0 0 0 0 0 0
non-exploited adults (<17 mm) (%)
Initial month for captures — Oct Oct Oct Oct Oct Oct = Oct =
Capture season duration (months) - 7 7 7 5 5 7 - 7 -
Captures periodicity - Annual Annual Biannual Annual Biannual Annual - Biannual -

Key: SJ=Gaztelugatxe; AK = Aketxe.
2@ Case 1: results obtained by Borja et al. (2004).

b Case 2: maximal sustainable fishing effort in Gaztelugatxe and Aketze, for individuals above legal length for capture.

a n

between both areas.

o

capture season duration, to 5 months.

-

Case 3: maximal sustainable fishing effort in Gaztelugatxe and Aketze, for individuals below legal length for capture.
Case 4: maximal sustainable fishing effort in Gaztelugatxe and Aketze, for individuals above legal length for capture and alternate captures,

Case 5: maximal sustainable fishing effort in Gaztelugatxe and Aketze, for individuals above legal length for capture and a reduction on the

Case 6: maximal sustainable fishing effort in Gaztelugatxe and Aketze, for individuals above legal length for capture, alternating annually

captures between both areas and reduction of capture season to 5 months.

[ )

lishment of a close season every 2 years.

Case 7: maximal sustainable fishing effort in only one of the marine reserve areas and over individuals above legal length for capture.
Case 8: maximal sustainable fishing effort in only one of the marine reserve areas, for individuals above legal length for capture and estab-
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Table 4 - Measured (Borja et al., 2004) vs. modelled

results of stock, in July 2002, for the Gaztelugatxe
and Aketxe areas

Stock Units Observed Modelled Deviation (%)
Gaztelugatxe kg 3450 3346 3.01
Aketze kg 3559 3382 4.97

The degree of deviation (%) between both observations is shown.

marine reserve areas. The capture season began in October
and the duration is of 7 months: (i) for individuals above the
legal length for capture (Case 7) and (ii) individuals above the
legal length for capture and the establishment of a close sea-
son every 2 years (Case 8).

4.1. Case 1

The model output fit well with the stock results obtained by
Borja et al. (2004), in July 2002, for the Aketxe and Gaztelu-
gatxe areas (Table 4). The maximal deviation percentage was
established as 10% (Borja and Bald, 2000; Bald and Borja, 2001).
The extension of the model over 10 years provided an aver-
age stock for each of the areas (Gaztelugatxe and Aketxe) of
3558kg, with a standard deviation of 237 kg, which represents
an average deviation of 6% (Fig. 5).

4.2, Case 2

The maximal fishing mortality rate, without the progres-
sive decrease of the resource, was calculated as 4.8% for the
exploited adults (Table 3). With this fishing effort, the stock
decreases and tends to stabilise around 2715 kg, with an aver-
age capture volume of 506 kg per season (approximately 18%
of the total stock at the beginning of the season) (Table 3). The
number of shellfishers that the system is able to support is
about 1.21, for each coastal zone and capture season (Table 3).

4.3. Case 3

In this case, the maximal fishing mortality rate for exploited
adults (above legal length) was maintained at 4.8% (Table 3).
The maximum fishing effort for individuals below legal length
was calculated at a fishing rate of 0.1% (Table 3). In a simi-
lar way to the previous case, the stock decreases and tends
to stabilise around 2706 kg, with an average capture volume
of 508 kg per season (approximately 18% of the total stock, at
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Fig. 5 - Evolution of gooseneck barnacle stock in the
Gaztelugatxe coastal area simulated by the model over a
10-year period.
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Fig. 6 — Evolution of gooseneck barnacle stock in the
Gaztelugatxe coastal area applying an annual alternate
maximal sustainable fishing effort between the
Gaztelugatxe and Aketxe areas for individuals above the
legal length for capture.

the beginning of the capture season) (Table 3). The number of
shellfishers that the system is able to support is about 1.21, for
each coastal zone and capture season (Table 3).

4.4, Case 4

The maximum fishing effort that the system is able to sup-
port corresponds to a fishing rate of 9.8% (Table 3). The stock
decreases, until it stabilises around an average value of 2680 kg
(Fig. 6), with an average capture volume of 1015 kg per season
(approximately 35% of the total stock at the beginning of the
capture season) (Table 3). The number of shellfishers that the
system is able to support is about 2, for each coastal zone and
capture season (Table 3).

4.5. Case 5

The maximum fishing effort that the system is able to sup-
port corresponds to a fishing rate of 7.3%. The stock decreases
until it stabilises around an average value of 2757 kg, with an
average capture volume of 544kg per season (approximately
19% of the total stock at the beginning of the capture season)
(Table 3). The number of shellfishers that the system is able to
supportis about 1.81, for each coastal zone and capture season
(Table 3).

4.6. Case 6

The maximum fishing effort that the system is able to sup-
port corresponds to a fishing rate of 14.9% (Table 3). The stock
decreases until it stabilises around an average value of 2633 kg,
with an average capture volume of 1055 kg per season (approx-
imately 36% of the total stock at the beginning of the capture
season) (Table 3). The number of shellfishers that the system is
able to support is about 3.52, for each coastal zone and capture
season (Table 3).

4.7. Case 7

The maximum fishing rate that the system is able to support
corresponds to a fishing rate of 20%. The stock in the Gaztel-
ugatxe coastal area decreases, then stabilises around 1199 kg,
with an average capture volume of 771kg per season (approx-
imately 61% of the total stock, at the beginning of the capture
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season) (Table 3). The number of shellfishers that the system is
able to supportis about 1.84, for each coastal zone and capture
season (Table 3). Due to the common larval pool of both of the
coastal areas, the stock in Aketxe decrease to an average value
of 2807 kg, due to the removal of reproductive individuals that
contribute to this common pool at Gaztelugatxe.

4.8. Case 8

The maximum fishing effort that the system is able to sup-
port corresponds to a fishing rate of 53%. The stock decreases
in Gaztelugatxe until it stabilises around an average value of
1139kg, with an average capture volume of 1568 kg per season
(approximately 99% of the total stock at the beginning of the
capture season) (Table 3). The number of shellfishers that the
system is able to support is about 4, for each coastal zone and
capture season (Table 3). In a similar way to Case 7, due to the
common larval pool of both coastal areas, the stock at Aketxe
decrease to an average value of 2783 kg, due to the removal of
reproductive individuals that contribute to this common pool
in Gaztelugatxe.

5. Discussion

The passive management (by means of captures prohibi-
tion and the establishing of minimal lengths for capture) of
the gooseneck barnacle fishery tends towards a progressive
decrease of the resource, as has been observed in Canada
(Jamieson et al., 1999; Lessard et al., 2003). Facing the possi-
bility of the gooseneck barnacle fishery opening in the area
of the Gaztelugatxe marine reserve, the need for the devel-
opment of a management tool was noticed; this should be,
capable of considering the different management decisions:
from the complete conservation of the system, to the sustain-
able exploitation of the resource. Such an approach should
integrate different social and biological factors, allowing the
protection of the stock and the development of the fishery as
recommended by Borja et al. (2004).

Some management proposals have been developed by
Lauzier (1999a,b), in Canada, such as the establishment of:
(i) closed seasons; (ii) closed areas; (iii) maximal capture vol-
umes; (iv) a minimal sustainable biomass level (50% of the
initial biomass at the beginning of the capture season); (v)
rotational captures, between different areas; (vi) control of the
fishing effort. The first results of this management plan have
been described by Lessard et al. (2003). In the present work, a
system dynamic model has been developed, in order to model
the effects of different management decisions over gooseneck
barnacle resource in the Gaztelugatxe marine reserve. Some
of them are coincident with the proposals of Lauzier (1999a,b).

The model developed in this contribution has some impor-
tant assumptions, as commented below:

(i) As Molares and Freire (2003) have stated, the processes
that regulate the dynamics of the gooseneck population
(such as natural mortality, stock-recruitment relation-
ships, transport and survival of larvae, etc.), has been
poorly studied. Consequently, the natural mortality rates
of larvae, juveniles and adults has been established here

trying to reproduce the observations realised by Girard
(1982), i.e. the higher mortality rates of juveniles than
adults;

(i) In accordance with Girard (1982) and Pineda and Caswell
(1997), the larval mortality was reduced in a 50% when
the stock density reaches values below 1.25kgm~2. This
effect can explain the fast recovery observed in the field
by shellfishers, when the resource is facing the impact of
natural or anthropogenic phenomena;

(iii) The variety of processes that affect the maturation and
settlement of larvae, some of them described by Pineda
(1994), and the lack of specific information about the rates
of this processes, result in the arbitrary definition of the
natural mortality rate of larvae;

(iv) The maturation rates of juveniles and adults are constant
thorough the year, but some authors have described a
greater maturation during spring and summer, as avail-
able the food and water temperature increases (Cruz,
1993);

(v) The settlement rate of larvae is constant thorough the
year, but some authors, such as Hoz and Garcia (1993),
have described maximal settlement rates during May and
August.

The remainder of the initial conditions for modelling are
based upon the results obtained by Borja et al. (2004), related
with the population structure and stock availability in the
marine reserve: similarly, upon the different bibliographic
sources, related with growth and reproduction of the goose-
neck barnacle. As more ecological data on the gooseneck bar-
nacle becomes available, it is very recommendable that revi-
sion of the model parameters in order to determine if the
values obtained during the calibration are in the same range as
those derived from new ecological studies. In this sense, the
effects of the abiotic and biotic environment on the goose-
neck barnacle population can only be mediated indirectly
by means of altering the population parameters included in
the model. Therefore, environment is only implicitly included
in the model. For instance, this means that the population
is only implicitly connected to its food resources, and that
the explicit compartment limitation in mass-balance models,
with explicit consumption of food resources, like those devel-
oped by Pauly et al. (2000), Vasconcellos and Gasalla (2001),
Duarte and Garcia (2004), Gasalla and Rossi-Wongtschowski
(2004) and Jiang and Gibbs (2005) among others, is not available
in this model. Therefore, the population regulation mecha-
nisms must accomplish this limitation.

When the effects of the different management decisions
over the evolution of the stock and captures are compared
(Table 3), the best management decision is the maintenance
of the moratorium for gooseneck barnacle captures in the
marine reserve (Case 1, see Fig. 5). The conservation of popu-
lations or species is undertaken for different reasons (Hill et
al., 1998): (i) their rare character or restricted distribution; (ii)
their tendency to decline; (iii) to represent a great part of their
distribution; (iv) to be a key species for others; (v) their great
richness; (vi) and their great economic, aesthetic, symbolic or
recreational value, etc.

In the case of exploitation, the best management decisions
are those which are able to maximise, at the same time, the
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captures and the number of shellfishers and minimise the
stock losses, as a consequence of this exploitation. Taking
into account this approach, the best management decision is
an alternate exploitation, between the Aketxe and Gaztelu-
gatxe coastal areas (Case 4, see Fig. 6); this is consistent with
the management recommended by Lauzier (1999a,b), for the
sustainable exploitation of gooseneck barnacle in Canada and
Brittany (Girard, 1982).

The second management decision is similar to the preced-
ing approach, with a capture season reduction to 5 months
(Case 6). In this case, the number of shellfishers by capture
season and coastal area is greater, but it encompasses a social
concern derived from an important reduction in the capture
season.

The third management decision is exploitation in the
Aketxe and Gaztelugatxe areas, with a reduction in the cap-
ture season to 5 months (Case 5). This measure reduces the
stock to approx. 693kg, due to the capture of 544 kg per sea-
son and coastal area, by a number of shellfishers of 1.81.
In a similar way to the previous case, the main objection
to this measure is the social cost of the capture season
reduction.

The fourth management decision, two groups measures at
the same time, as they show identical results. Such measures
permit the exploitation in both coastal areas; for individuals
above the legal length, in the first case, and for individuals
above and below the legal length, in the second (Cases 2 and
3). The fifth management decision is the exploitation in a sin-
gle coastal area of the marine reserve (Case 7). In this case,
the stock reduction is markedly greater than the rest of the
management measures; from the point of view of the bio-
logical security of the resource, this is not very appropriate.
The captures are lower than those described for the best first
case, where the stock reduction is also notably lower. The main
interest in this measure is the demonstration of how the pro-
tection of some areas can permit the conservations of others,
as they act like spawning pools of larvae that nourish and
sustain the exploited areas. This effect has been described in
relation with other species, such as the clam (Ruditapes decus-
sates) in the Urdaibai estuary in the Basque Country (Borja and
Bald, 2000; Bald and Borja, 2001) and in relation to other fishery
resources (Nakagawa, 1994). In fact, one of the main manage-
ment measures adopted in Canada, for the conservation of
Pollicipes polymerus populations, is the permanent closing of
some areas (Lauzier, 1999a,b).

Hence, it is very probable that the capture prohibition in
the marine reserve permits not only its own conservation, but
also the maintenance of other exploited areas, such as those of
Izaro and Ogono Cape; this is due to the physical larval trans-
port from the marine reserve to those areas. These processes
are the main factors that regulate the stock-recruitment rela-
tionships of benthic invertebrates, like the gooseneck barnacle
(Freire and Garcia-Allut, 2000; Pineda, 1994, 1999, 2000; Pineda
and Caswell, 1997; Pineda and Lépez, 2002).

Finally, the sixth management decision is the exploitation
of only one of the two coastal areas of the marine reserve,
with an establishment of a close season every 2 years (Case
8). This measure is related to a considerable decrease in the
stock, together with a great increase in captures and shell-
fishers; however, they remove more than 90% of the resource

which is, in turn, not very suitable from the point of view of
the biological security of the resource.

One of the key elements in the success of resource conser-
vation is the control and monitoring activity over shellfisher’
captures (Girard, 1982). The failure in this subject has been
described by Lauzier (1999a,b), as one of the main problems
in the management of the gooseneck barnacle in Canada. It is
also been demonstrated that the exploitation of the gooseneck
barnacle has effects over the ecosystem, within itis integrated
(Jamieson and Levings, 2001; Jamieson et al., 1999; Lauzier,
1999a,b).

Due to their geographical proximity to the Basque Coun-
try, combined with the spatial and temporal range of the
application of management measures for the gooseneck bar-
nacle, one of the more interesting examples is the case of
the Galician coast (Northern Spain). The management of this
species began with the establishment of close seasons in some
areas; and actually tends to share responsibility for man-
agement between the fisheries authorities and the shellfish-
ers, through the “cofradias” (Molares and Freire (2003). Annu-
ally, an exploitation plan is developed (number of shellfish-
ers, exploited areas susceptible for exploitation, economical
and production objectives, stock management, capture rates,
number of working days, etc.) (Molares and Freire, 2003). This
plan is developed by the shellfishers; later, this is evaluated by
the administration (Molares and Freire, 2003).

6. Conclusions

The best management decision for the conservation of the
gooseneck barnacle resource in the marine reserve of Gaztel-
ugatxe, together with adjacent areas which are the subject
of exploitation, is the maintenance of the moratorium. Such
approach permits the maintenance of a resource that act as
a spawning pool of larvae, which nourish and sustain the
exploited areas.

In the case of exploitation, the best management decision
is an annual alternate exploitation of Gaztelugatxe and Aketxe
coastal areas, which allows the recovery of the resource after
the capture season.

The model developed makes important assumptions
which could be subject to improvement; this is mainly in those
aspects related with the better knowledge of the planktonic
phase behaviour of the gooseneck barnacle (growth, mortality,
transport and settlement). Changes in this phase have impor-
tant consequences in the ulterior juvenile and adult structure.
Better knowledge is acquired also in those aspects related with
the growth process and the mortality of juveniles and adults,
in relation to the environment. For such an improvement in
the knowledge future works would be required on: (i) resource
stock monitoring; (ii) growth estimation of individuals; (iii) age
determination, by means of the study of growth rings in the
calcified parts of individuals; (iv) inclusion of environmental
factors affecting recruitment and biomass.
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