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Abstract

The population structure, dynamics and distribution of Spisula solida, Diogenes pugilator and Branchiostoma lanceolatum, common species
in the south coast of Portugal, were studied in a spatial—temporal manner in order to understand the influence of cross-shore sediment transport
and anthropogenic activities. Spisula solida is harvested commercially, whereas D. pugilator and B. lanceolatum are non-target species, with
little information available on the population dynamics of these species. The study was performed in 2001—2002, and along a gradient of
100—5000 m from the coastline, corresponding to a depth gradient of between 1 and 32 m deep. Spisula solida was distributed preferentially
at 3—12 m deep, and its distribution appeared to be influenced seasonally by the cross-shore sediment dynamics. Results suggested benthic re-
cruitment in June. Some recruitments had no expression (year 2001) since adults were not present, which seems to be a direct impact of clams’
fisheries. Diogenes pugilator showed preferential distribution at shallow depths, from 1.3 to 8 m. Results suggested recruitments every 4 months,
in June, February and October. Branchiostoma lanceolatum showed the widest distribution, from 7 to 26 m deep. Recruitment seemed to start in
June until October, when it attained an abundance peak of juveniles. For both non-target species no clear effects of the cross-shore dynamics or

the clams’ fisheries impact were visible.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Information on species’ spatial and temporal distribution is
important for the understanding of organism’s interactions
with each other and the environment (Dauvin et al., 2004).
In marine soft sediments, physical disturbance seems to be
a key factor controlling the spatial and temporal compositions
of the populations inhabiting those areas (Dernie et al., 2003).
This disturbance may be naturally induced, such as waves and
tide impacts (Snelgrove et al., 1998; Hewitt et al., 2003), but
may also be due to anthropogenic perturbations, such as
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fishing (Chicharo et al., 2002a,b; Gaspar et al., 2002; Dernie
et al., 2003) and dredging activities (Sarda et al., 2000). At
a smaller scale, complex biological interactions, which in
turn control sediment properties, also play an important role
in regulating patterns of the biota (Snelgrove et al., 1998;
Reise, 2002; Hewitt et al., 2003).

In the south coast of Portugal (Algarve), the mean wave en-
ergy in the Algarve is considered low to moderate (Sa-Pires
et al., 2002). Seasonally this energy may increase, mainly
due to stormy episodes in winter (Sa-Pires et al., 2002), which
may induce cross-shore sediment transport, from which the
offshore transport may result in beach erosion (Rey and
Bernardes, 2002). In order to understand these hydrodynamic
seasonal differences, their impacts on the sediment transport
and on the benthic subtidal communities, a survey took place
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in 2001—2002 along a depth gradient in Ancdo Peninsula,
Algarve coast. Within the macrobenthic community sampled,
Spisula solida, a commercial clam, Diogenes pugilator and
Branchiostoma lanceolatum, both non-target species, were
recognized as common species. Spisula solida is one of the
most harvested species in Algarve coast, where an important
clam dredge fishery takes place (Gaspar and Monteiro,
1999; Gaspar et al., 1999; Chicharo et al., 2002a,b; Palma
et al., 2003). The dredges are designed to dig clams out of
the sediment, disturbing the seabed both in terms of physical
structure and biological communities (Gaspar et al., 2003).
Besides the impact on the S. solida populations, these fisheries
may also have impacts on other non-target species, such as the
hermit crabs, which frequently constitute the by-catch of these
fisheries (Gaspar et al., 2002, 2003; Palma et al., 2003). Her-
mit crabs do not seem to be strongly affected by injuries
caused by the dredges (Gaspar et al., 2002). The by-catch
discards of the bivalve dredge fishery may also constitute an
important source of food for benthic scavengers, such as
D. pugilator (Chicharo et al., 2002b; Palma et al., 2003), there-
fore influencing their population dynamics. The lack of litera-
ture regarding the non-target species emphasized the necessity
to understand their distribution patterns, population structure
and the factors that potentially affect them in a spatial—tempo-
ral manner.

The present work therefore had three main objectives: (1)
to study and provide information on the dynamics and popula-
tion structure of an important commercial species and on two
other poorly-known non-target species; (2) to assess the im-
pact of the cross-shore sediment transport, a resultant of hy-
drodynamics, on their distributions patterns and (3) to detect
potential effects of anthropogenic activities such as the fishing
activities.

2. Material and methods
2.1. Study site and experimental design

The study was conducted in the south coast of Portugal in
vicinity of Ria Formosa (Faro), which is a barrier island sys-
tem, composed of five islands and two peninsulas, separated
by inlets. Sampling occurred along a depth gradient to the
east of the Ancdo Peninsula (Fig. 1) where the delta effect
was not felt. In this area, 14 sampling stations were defined
along a perpendicular transect, as distance to the coastline —
100, 200, 300, 400, 500, 600, 800, 1000, 1400, 1800, 2400,
3000, 4000, 5000 m (Fig. 1). Surveys were limited by the
ocean’s roughness, totalling 7 sampling dates at June 2001,
September 2001, February 2002, May 2002, June 2002, July
2002 and October 2002. On both June 2001 and February
2002 sampling did not occur at the 5000 m sampling station.

At each station and sampling date, hydrographical data and
the physical and chemical parameters of seawater were mea-
sured. Biological material was collected using a Ponar grab
(248 + 2.51 cm” sediment). About 4 grabs were collected
for each sampling point, which totals 383 replicates during
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Fig. 1. Location of the sampling stations on the Ancdo Peninsula, on the Ria
Formosa barrier island system.

the sampling period. All samples were washed in a 500 um
mesh bag. Additionally, 1 sample at each sampling point
was colleted for sediment analysis in spring 2001, February
2002 and spring 2002.

In the laboratory, biological material was separated and
preserved in a 4% buffered formalin solution. All individuals
of Spisula solida, Diogenes pugilator and Branchiostoma
lanceolatum were sorted, counted and measured. For S. solida,
total body width (BW) was measured, for D. pugilator,
cephalothoracic shield width (CSW) and length (CSL) and
for B. lanceolatum, total body length (BL) was measured.

2.2. Data analysis

The species distribution along the transect was displayed
using GIS. The depth lines were extrapolated using the depth
obtained for each sampling point by the Kriging methodology,
which is a method provided by ArcGIS to determine surfaces
from predicted values.

The population structure of each species was defined by
tracking recognisable cohorts from the successive sampling
dates through size—frequency distribution analysis. These
were performed with ANAMOD software, based on the prob-
ability paper method, which provides the mode, standard devi-
ation and checks the reliability of the estimated parameters by
application of x? and G tests, P = 0.05, following the proce-
dure of Verdelhos et al. (2005).
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3. Results
3.1. Environmental data

The sampling stations comprised a depth gradient that var-
ied from 1.3 to about 31.8 m deep (Fig. 2). In June 2001, the
5000 m sampling station was not sampled, so the maximum
depth was only 27 m deep (Fig. 2A); in February 2002, due
to ocean roughness, it was not possible to go to 5000 m, but
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an intermediate station, at 4500 m, was sampled with a maxi-
mum depth of 29 m (Fig. 2B). The seawater temperature
showed an usual seasonal variation in temperate regions,
with  higher temperatures in spring and summer
(186 £1.0°C, 19.6 £03°C) and Ilower in winter
(15.5 £ 0.3 °C). Salinity (35.5 £0.9) and pH (8.2 £ 0.2)
showed no significant variations in space or time. Oxygen
was the more variable parameter along the gradient, varying
between 7.8 and 9.5 mg1~".
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Fig. 2. Spatial and temporal distribution patterns of the species along the depth gradient, with indication of sediment alterations for spring (June 2001, June 2002)
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and winter (February 2002) conditions. (A, B, C) Spisula solida; (D, E, F) Diogenes pugilator; (G, H, 1) Branchiostoma lanceolatum.
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The sediment composition showed some variations along
the depth gradient. In general, it was composed of fine sand
at shallow depths and by coarser sands in deeper areas
(Fig. 2). Along the temporal—spatial scales some important
changes were observed. In spring 2001 (June 2001), the
coarser sands started from about 7m deep until 25.7 m
deep, where very coarse sands appeared (Fig. 2A, D, G). In
the winter (February 2002), coarser sands started from about
5 m deep until 20 m, where fine sands appeared and afterwards
a bare rock line was detected at 25.6 m depth; from this depth
to 29 m, very coarse sand and relict deposit occurred (Fig. 2B,
E, H). Again in the spring, but 1 year later (June 2002), the
fine sands extended until 8 m deep, followed by median and
coarser sands until 23 m, then the appearance of gravel and
relict deposit from about 26 m deep followed by fine sands
at 31 m deep (Fig. 2C, F, I).

3.2. Spatial distribution

Spisula solida was distributed preferentially between 3 and
12 m deep (Fig. 2A—C). In winter (February 2002), this spe-
cies appeared further offshore (Fig. 2B), from 7 m deep. Abun-
dance varied between 54 and 332 individuals (Fig. 3). The
highest abundance was recorded in June 2001 and July 2002
and was mainly composed of small individuals (Fig. 3).

The population of Diogenes pugilator was found at shallow
depths composed of fine sands, from 1.3 to 8 m deep
(Fig. 2D—F). Occasionally, this species appeared, in small
numbers, at 26—30 m deep, co-incidental with the appearance
of relict deposits (Fig. 2E, F). No differences were found in the
distribution patterns for spring and winter as the species occu-
pied the same areas (Fig. 2D—F). Diogenes pugilator was
mostly found in Hinia sp, Turritella sp and Bithium sp. shells
and these were commonly associated with Hydractinia echi-
nata. The highest abundance values were found in the spring
months (e.g. June 2002, 230 ind.) and the lowest in the winter
(e.g. February 2002, 33 ind.) (Fig. 3).

Branchiostoma lanceolatum showed the widest distribution,
from depths of 7 to 26 m, which corresponded mainly to
coarse and very coarse sands (Fig. 2G—I). The few larger in-
dividuals found (>30 mm) were further offshore, from about
26 m deep. The highest abundance was found in October 2002
(440 ind.) and was mainly composed of young individuals
(Fig. 3). The lowest abundance was attained in the spring
months (18 and 24 ind., Fig. 3).

3.3. Population structure, growth and life span

Size—frequency polymodal distributions were analysed for
the recognition of cohorts (Fig. 3). It was possible to discrim-
inate 4 cohorts for Spisula solida, with cohort 1 (C1) constituted
by only 1 adult individual. Recruits appeared once a year in
June—July. From the recruits of June 2001 of cohort 3 (C3),
almost no adults appeared in following months. The exception
occurred in October 2002 with the appearance of two individ-
uals with 13 and 15 mm wide, probably belonging to cohort 3
(16 months old). Again, the recruits of June 2002 from cohort

4 (C4) appeared in July 2002, but seemed to almost disappear
in October 2002, as C4 almost did not exist in this last month
(Fig. 3). The largest individual found was 30.5 mm wide (C1),
likely corresponding to 30 months age. It was only possible to
follow cohort 2 (C2), throughout, which within the sampled
period, reached 28 months of age.

For Diogenes pugilator, 9 cohorts were recognized (Fig. 3).
The results suggested recruitments in June, February and Oc-
tober, supported by the appearance of newly born cohorts
(June, C5 and C8; February, C7; October, C6 and C9,
Fig. 3). Larger individuals reached 8.6 mm in cephalothoracic
shield length (CSL), with a life span of 21 months (October
cohort, C3). The recruits of June 2001 (C5) reached 16
months, with a correspondent 5.9 + 0.25 mm CSL; and the re-
cruits of February 2001 (C4) reached 20 months, 7.9 mm CSL.

With regard to Branchiostoma lanceolatum, 5 cohorts were
identified, being the designated cohort 1 and cohort 2 (C1, C2)
constituted each by only 1 ovigerous female. Recruitment
seemed to start in June, with the prevalence of young individ-
vals until October. It was only possible to follow cohort 3
throughout which within the sampled period, reached 28
months old, with individuals measuring 34.2 mm length. The
largest individuals could attain 40.2 mm long, which corre-
sponded to the ovigerous females (C1 and C2). The population
seemed to increase significantly in October 2002. C1 and C2
ovigerous females suggest that sexual maturity may be
reached in the third year of life.

4. Discussion

The currents on the continental shelf of Portugal’s south
coast are generally weak (Chicharo et al., 2002b) and the
mean wave energy is low to moderate (Sa-Pires et al.,
2002). Yet, significant differences may occur seasonally,
with higher hydrodynamics in the winter periods. Storm events
are frequent in winter, induced by Atlantic swells, elevating
the wave energy, with significant wave height higher than
3 m (Séa-Pires et al., 2002). Along with the mean wave height,
the depth of closure can be representative of the cross-shore
dynamics occurring in the system, as hydrodynamic changes
are considered as the major acting forces. The depth of closure
can be defined as a seaward limit, beyond which near-beach
shore profiles show negligible vertical change, where limited
net sediment transport is expected to occur seaward of this
depth (Nicholls et al., 1998). In the present work, this depth
was estimated to be about 3 m deep in spring and 10.4 m
deep in winter (Ferreira, pers. comm.). Both measurements
can be used to detect the impact of the cross-shore hydrody-
namic impact on the species distribution, which is expected
to be higher in the winter.

4.1. Spisula solida

Spisula solida was distributed preferentially at 3—12 m
deep, which agrees with Gaspar et al. (1995, 1999) and
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Fig. 3. Size—frequency distributions, with indication of the number of measured individuals (V). Black arrowheads indicate identified cohorts (C); blank arrow-
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heads indicate the disappeared cohorts.

Fahy et al. (2003). The present study also suggested that
S. solida may be seasonally influenced by the hydrodynamics,
as in the winter, with a higher depth of closure, the clams
seemed to distribute furthest from the coastline.

Cephalothoracic length (mm)

Length (mm)

Abundance achieved its minimum and maximum values in
the spring months, respectively, in early spring and late spring.
The higher abundance is related with the recruitment patterns
of the species, the lowest probably related with either previous
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Table 1
Data found on different populations of the species in study, and for other amphioxus species. BW, body width; CSL, cephalothoracic shield length; BL, body length
Species Location Depth Spawning Recruitment Estimated Maximum Font
distribution life span length
Spisula Algarve, South 5—13m February - 3 years - Gaspar and
solida Portugal Monteiro (1999),
Gaspar (pers.
comm.)
Waterford Harbour, Collected - Irregular 10—11 years - Fahy et al. (2003)
Ireland between recruitment
2 and 10 m
Algarve, South 4—12m - June +2.4 years® 39.4mm BW  Present study
Portugal (for 25.4 mm)
Spisula Bay of Blanes, Collected - April—May = — Sarda et al. (1999)
subtruncata Spain (NW at 15m
Mediterranean)
Diogenes Strait Gibraltar Collected Ovigerous Continuous, 1 year 5.45mm CSL  Manjon-Cabeza
pugilator between females pulses every (theoretically and Garcia-Raso
15 and 24 m all the year two months 2 years) (1998)
Algarve, South 1.5—6m — June, February, 21 months 8.6 mm CSL Present study
Portugal October
Branchiostoma  Algarve, South 8.5—-26m - June—October +28 months®  39.4 mm BL Present study
lanceolatum  Portugal (for 34.2 mm)
Argelés-sur-Mer, - Late May, - - - Fuentes et al.
France late June (2004)
Bay of Blanes, Collected at 10 — Recruitment — — Sarda et al.
Spain and 15m peak in October (1999)
(NW Mediterranean)
Branchiostoma  Enshu-Nada Sea, Collected June—August September - 68 mm BL Kubokawa et al.
belcheri Japan between (1998)
18 and 23 m
Ariake Sea, Japan - June—August September 5 years® 64 mm BL Henmi and
(for 47.1 mm) Yamaguichi (2003),
Yamaguichi and
Henmi (2003)
Branchiostoma  Tampa Bay, — Early May— Late May— 2 years 58 mm BL Stokes (1996)
floridae Florida early September ~ mid-October

# Age of the living cohorts, not possible to determine life span.

fishing activities or natural causes. Results suggested that re-
cruitment occurs once a year in late June—July. Nevertheless,
the recruits of June 2001, from cohort 3 (C3), seemed not to
appear in the following months, as no adults from that cohort
appeared. The clams are sexually inactive from July to Sep-
tember, beginning gametogenesis in October and spawning
in February (Gaspar and Monteiro, 1999), with the decrease
in temperature. They reach sexual maturity in their first year
of life, independently of size (Gaspar and Monteiro, 1999).
This means, for the present results, that the adults responsible
by gametogenesis of C3, in October 2000, would be the sexu-
ally mature adults from cohort 1 (C1), which almost did not
exist in June 2001. Consequently, the juvenile stock of June
2001 (C3) was relatively low and almost no adults appeared
from those recruits. The juvenile stock of the next recruitment
in June 2002, cohort 4 (C4), was much higher. Cohort 2 (C2)
probably produced the new C4, as in October 2001, C2 was
already sexually mature and there were sufficient adults to pro-
duce a reasonable stock. With a stock of juveniles in June and
July 2002, the following C4 showed almost no individuals in
October 2002.

Gaspar et al. (1995) determined the age and growth of Spi-
sula solida, from a southern Portugal population from June
1992 to 1993, based on the internal bands of the shell (which
provided the most accurate estimates). The samples of
S. solida population were obtained through clam dredging
which selectively catches adult individuals (40 mm sieve
bags). According to this study, clams with 19.7 and 28.6 mm
were 1 and 2 year old, respectively. Similar results were also
achieved when cohorts were determined, through size—fre-
quency distribution analysis, similarly to the method applied
in the present study, with 19.9 + 2.1 and 29.1 £+ 1.8 mm for
1 and 2 year old, respectively (Gaspar, pers. comm.). These re-
sults differ from the present results, in which 1 and 2-year-old
clams appeared to reach only 12.2 + 1.3 and 23.5 £+ 1.6 mm.
These differences may be due to both environmental dif-
ferences and anthropogenic disturbances. With regard to the
environment, differences in food supply, which may be influ-
enced by temperature and tidal currents, might have deter-
mined different clams’ growth rates (Gaspar et al., 1995).
With regard to anthropogenic disturbances, fishing activities
might have reduced the stock of larger adults. Samples in
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the present study contained a smaller number of individuals
and few 1+ and 2+ age adults and it seems reasonable to
suggest that only the smaller individuals from each age were
sampled, as the larger ones were probably caught, reducing
each year class strength.

It was not possible to determine life span, but clams could
reach 2.4 years at 25.4 mm (Table 1). Life span of this species
has been stated before as 3 years for Algarve’s south coast
(Gaspar, pers. comm.) and as approximately 10 years for the
Irish coast (Fahy et al., 2003).

Spisula solida is heavily fished in the south coast of Portu-
gal (Gaspar and Monteiro, 1999; Gaspar et al., 1999; Gaspar
et al., 2002; Chicharo et al., 2002a,b). The present study raises
questions of proper fisheries management. Some years ago
some management measures were applied, with the introduc-
tion of minimum legal landing length of 25 mm for S. solida,
to allow spawning at least once (Gaspar et al., 1999, 2002). It
seems reasonable to assume that the adults of CI, attaining
about 25 mm in June 2001, were fished. If in the same period,
or in the following winter, C2 individuals were also fished, the
populations of S. solida would be seriously compromised. The
same may have happened with C4, with its juveniles either be-
ing caught or predated, again compromising future recruit-
ments. The low depth of closure (about 2.5 m deep),
representative of the hydrodynamic force responsible for the
dispersion of juveniles, and the existence of 25 mm adults in
October 2002, the potentially fishing targets, make the hypoth-
eses of predation or other natural causes of death of juveniles
more likely. Predation on recently settled Spisula solidissima
clams has also been suggested for punctual clams’ disappear-
ances in North American coast (Snelgrove et al., 1998; Weiss-
berger and Grassle, 2003). It has also been reported that high
mortality rates occur after recruitment periods for Spisula sub-
truncata in NW Mediterranean, in which the clams’ popula-
tion almost disappeared during autumn, followed by
recruitment in April—May (Table 1) and high mortality in early
summer (Sarda et al., 1999). Several works have focussed on
the injuries inflicted by dredging fishing procedures on the
macrobenthic species (Chicharo et al., 2002a,b; Gaspar
et al., 2002). Although S. solida was considered not to be se-
verely injured, as it is well protected by a thick shell, the pred-
ators’ impact, attracted by disturbance of the fishing process
itself, is expected to be high on the young bivalves, due to their
small size and low thickness valves (Chicharo et al., 2002b).
This would be also an important factor determining the year
class strength (Chicharo et al., 2002b; Weissberger and
Grassle, 2003) and consequent population development.

4.2. Diogenes pugilator

Hermit crabs, like Diogenes pugilator, are very specific to
the food resources, gastropod shell availability and predators’
presence (Tirelli et al., 2000; Barnes, 2003). The distribution
of this species at lower depths is in accordance to the findings
of Tirelli et al. (2000) and Manjon-Cabeza and Garcia-Raso
(1998). This pattern may be related to lower predators’ pres-
sure and preference for fine sands, despite the higher

environmental stress. Environmental stress seems not to be
a major problem, as in winter with higher hydrodynamics
and consequent higher depth of closure, the distribution pat-
tern of this species was unchanged. Other studies, in the Irish
coasts, state that this species was often found buried beneath
the beach surface. Its capability of burrowing rapidly into
sand when disturbed (McGrath et al., 2000) seems to be an ad-
vantage to deal either with predation and physical stress. Oc-
casionally some individuals were found at 26—30 m deep. The
hermit crabs occupy empty gastropod shells, the utilization of
which by this species is related to the local availability
(Barnes, 2003) and competition (Tirelli et al., 2000; Pechenick
et al., 2001). At 26—30 m deep, sediment was composed by
relict deposit, which had a high portion of dead empty shells.
Hermit crabs are more attracted to newly dead shells (Peche-
nick et al., 2001) but the local high availability of shells may
have influenced the appearance of individuals at these depths.

Seasonal variations of abundance were found, with higher
abundance in spring and lower in winter, which according to
McGrath et al. (2000) are probably related with the lower wa-
ter temperature. An opposite pattern was observed by Manjon-
Cabeza and Garcia-Raso (1998), where abundance increased
in winter and decreased in spring, which may be related
with migrations due to environmental factors.

Diogenes pugilator is a relatively fast-growing species.
Manjon-Cabeza and Garcia-Raso (1998) studied a population
of D. pugilator from the Strait of Gibraltar (NE Atlantic) and
found continuous recruitment, although with greater abun-
dance of juveniles every two months (Table 1). The sampling
periodicity of the present work was sparse in order to achieve
conclusions on the reproduction pattern of such a fast-growing
species. Nevertheless, contrarily to the findings of Manjon-
Cabeza and Garcia-Raso (1998), the recruitment seems to oc-
cur every 4 months, in June, February and October. Defined
recruitment periods has also been proposed for other Atlantic
populations, namely Roscoff, where recruitment appears to
take place from May to September (Bourdon, 1965 in Manjén-
Cabeza and Garcia-Raso, 1998) and for the Irish coast, where
ovigerous females were found from June to August (McGrath
et al.,, 2000). February cohorts lasted for 21 months with
8.6 mm CSW, which are of wider length and life span than
that mentioned by Manjon-Cabeza and Garcia-Raso (1998)
(Table 1). It was not possible to ascertain the life span of
the June and October cohorts.

Fishing activities may not have a strong direct impact on
Diogenes pugilator populations, because of its preferential dis-
tribution for lower depths and due to the protection of the shell
they use as carapace. The individuals found were mainly in
Hinia sp, Turritella and Gibulla sp shells, which in turn are
highly resistant to the effects of entrapment in the net bags,
providing an efficient protection against fishing operations
(Gaspar et al., 2002). D. pugilator seems to benefit from the
disturbance of the sea bottom caused by the fishing dredges,
as it can access more feeding sources. This species has been
described as scavenger and has been observed in the disturbed
fishing areas shortly after the passage of the dredges (Chicharo
et al., 2002b).
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4.3. Branchiostoma lanceolatum

Branchiostoma lanceolatum contrasts with the other species
studied by its high mobility, which may also explain the wider
range of distribution. Its distribution areas coincided with coarser
and very coarser sands. The highest abundance of B. lanceo-
latum were achieved in September and October (186 and 440 in-
dividuals, respectively, composed mainly of young individuals),
followed by a decrease in winter and achieving the lowest val-
ues in the spring months. The same pattern was also found in
NW Mediterranean (Bay of Blane), where B. lanceolatum
reached recruitment peak abundance in early autumn (October),
followed by a steady decrease until winter and was almost ab-
sent during spring and summer (Sarda et al., 1999, 2000).

Recruitment seems to start in June. The predominance of
young individuals in the sampled months July, September
and October (with high abundances in the last two months) sug-
gests the hypothesis of a recruitment period from June to Octo-
ber, achieving a recruitment peak in October, like observed in
the Bay of Blane (Table 1; Sarda et al., 1999, 2000). Despite the
scarcity of adults, the only identifiable ovigerous females were
found in June and further offshore, which suggests that juve-
niles and adults may not share the same distribution areas.
Water temperature seems to be an important factor controlling
the breeding season of amphioxus (Fuentes et al., 2004). The
spawning of cultured amphioxus has been induced by increas-
ing the water temperature of the amphioxus’ tanks (Fuentes
et al., 2004). Spawning of the natural populations of Branchios-
toma lanceolatum from Argeles-sur-Mer (France) seems to oc-
cur in late May and late June (Fuentes et al., 2004; Table 1),
matching with the spring temperature increases. This reinfor-
ces the suggestion that spawning may have occurred in late
May—June and that the recruitment period would follow
through June—October, where it achieves maximum abundan-
ces. Similar behavior has been observed with the Florida am-
phioxus, Branchiostoma floridae, with a breeding season
from early May to early September and new lancelet juveniles
from late May through mid-October (Stokes, 1996; Table 1),
and with the east-Asian amphioxus, Branchiostoma belcheri,
which also showed a breeding season from June to August con-
centrating large number of juveniles in September (Kubokawa
et al., 1998; Yamaguichi and Henmi, 2003; Table 1). It was not
possible to determine the life span of B. lanceolatum. Estima-
tions reach at least 2.4 years at 34.2 mm BL, which reveals
a higher growth rate and life span than B. floridae (Table 1).

Regarding fishing activities, the mobility of this species is
important. As small fishes are able to flow harmlessly out
off the fishing gears (Palma et al., 2003), Branchiostoma lan-
ceolatum is also potentially able to escape fishing dredges and
nets. In fact, to our knowledge, there are no records of this spe-
cies in the Portuguese clam dredge fishery catches (Gaspar
et al., 2002).

5. Conclusions

This study has provided information on population dynam-
ics about the three species. All species appear to occur

spatially at distinct areas. Diogenes pugilator appeared in the
surf zone, at finer sands. Spisula solida appeared between
the surf and outer turbulent zone and its distribution was ap-
parently influenced seasonally by the hydrodynamics. Bran-
chiostoma lanceolatum showed the widest distribution within
the outer turbulent zone, at coarser sands. Along the depth gra-
dient studied, only two sexually mature amphioxus were
found, suggesting that adults may occur deeper than 32 m. Re-
cruitments occur once a year in late spring for both S. solida
and B. lanceolatum, while for D. pugilator three recruitments
per year were identified, in late spring, winter and autumn.
With regard to fishing activities, it was concluded that over-
fishing of S. solida in consecutive years can cause a drastic
stock decrease. For the other species no harmful effects
were observed. On the contrary, for D. pugilator the by-catch
fauna of fisheries may be an important source of food input.
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