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Abstract Bivalves are important in shallow marine habi-

tats, not at least being the major food resource for seaducks

such as the common scoter (Melanitta nigra), thousands of

which are wintering on the Western Coastal Banks, near the

Belgian-French border (North Sea). Next to this ecological

importance, fishable stocks of one of these bivalves, Spisula

subtruncata, occur in the area. This study aimed at investi-

gating S. subtruncata’s spatial distribution, population

dynamics and productivity and its implications for a sus-

tainable Spisula fishery in seaduck wintering areas. The

spatial distribution of S. subtruncata was studied in 1994 and

1997 in two areas of the Belgian Western Coastal Banks. The

population dynamics and production were investigated by

monthly sampling of two stations between April 1995 and

April 1996 and a seasonal sampling between April 1996 and

April 1998. Spisula subtruncata had a patchy distribution in

the deeper (6 m), fine sandy (200 ± 20 lm) sediments of the

Abra alba community, mainly found in the western most part

of the Western Coastal Banks. In August 1995, an over-

whelming and successful recruitment was observed in this

area: local densities were as high as 150,000 ind m–2. Minor,

non-successful recruitments were detected in August 1996

and 1997. Due to space limitation, high densities of S. sub-

truncata are hypothesized to be responsible for the occur-

rence of aberrant shapes as observed from August 1996

onwards. Growth was described by a seasonally oscillating

version of the von Bertalanffy growth function (VBGF): a

growth stop was observed from late autumn till early spring.

The VBGF parameters K (growth constant) and L¥

(asymptotic length) were estimated at 0.7–0.9 and 31–

33 mm. A combination of length and individual biomass

increment showed: (1) a faster length increment of smaller

individuals during the second growing period (catching-up

phenomenon), (2) a constant length combined with a

decreasing individual biomass during the suboptimal winter

periods (except for the first winter, when the individual

biomass slightly increased), (3) a positive relationship be-

tween the individual biomass decrease and the seawater

temperature during the winter periods, and (4) a strong in-

crease of the individual biomass in early spring (April 1997

and 1998) because of gametogenesis, followed by a decrease

because of spawning (August 1997). The extremely high

total production of the 1995 year class in the tidal gully

(Potje) during the study period was estimated at approxi-

mately 1,500 g ash-free dry weight (ADW) m–2 or

600 g ADW m–2 on average per year. Shellfisheries for S.

subtruncata within seaduck wintering areas, such as the

Western Coastal Banks, should be carefully deliberated

since (1) an important food resource for the seaducks will

decrease, (2) the ecologically most diverse and rich macro-

benthic A. alba community will be heavily affected, and (3)

the recovery of Spisula populations after depletion is ex-

pected to be erratic.

Introduction

Bivalves are an ecologically important component of the

macrobenthos of coastal marine ecosystems. Although their
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densities in the southern North Sea are generally low in

comparison to other taxa (e.g. polychaetes) their biomass

generally constitutes a large proportion of total macroben-

thic biomass (Van Steen 1978; Brey et al. 1990). This high

bivalve biomass is a food resource for a variety of demersal

fish species (Rainer 1985; Brey et al. 1990) and for diving

seaducks, e.g. the common scoter (Melanitta nigra) (Cramp

and Simmons 1977; Meissner and Bräger 1990; Meire

1993). The presence of wintering scoters at the Western

Coastal Banks can partly be explained by its undisturbed

character (Degraer et al. 1999a), but food availability,

mainly bivalves (Cramp and Simmons 1977; Meissner and

Bräger 1990; Meire 1993), plays an important role as well

(Kirchoff 1981). The relation between the spatial distribu-

tion of the common scoter and the presence of extensive

bivalve beds, inclusive Spisula subtruncata next to several

other shallowly living and medium sized bivalves, such as

Abra alba, has already been demonstrated (Van Assche and

Lowagie 1991; Leopold et al. 1995; Kaiser et al. 2006).

Since the early 1980s, fishermen are interested in the

commercial exploitation of S. subtruncata stocks and, as an

alternative to the declining Cerastoderma edule fisheries,

large amounts of the bivalve have already been harvested

in the Netherlands, north of the area of investigation

(Craeymeersch et al. 2001). The consequent competition

for food (i.e. shellfish) and space (i.e. disturbance by

shipping) between the S. subtruncata fishery and the

common scoter, is currently believed to be the major threat

for the common scoter in the Netherlands, causing shifts

in the spatial distribution and a decrease of the number

of wintering common scoters (Leopold et al. 1995). The

conflicting situation between the ecological and socio-

economical interests in S. subtruncata stresses the need for

knowledge on the life history, population dynamics and

production of S. subtruncata. Although necessary in order

to set up a sustainable harvesting management strategy for

S. subtruncata, this information is largely lacking at this

moment. So far, only Davis (1923, 1925) and Fraschetti

et al. (1997) provided information on the life history and

population dynamics of S. subtruncata.

The aims of this study are (1) to investigate the spatial

distribution, population dynamics and productivity of S.

subtruncata in a seaduck wintering area during a 2.5 year

study period and (2) to use this information in the frame of

a sustainable fisheries of S. subtruncata.

Materials and methods

Study area

The selected seaduck wintering area, the Belgian Western

Coastal Banks, extend from the Belgian-French border to

Oostende and from the low water line to about 8 m depth

(Fig. 1). Between Koksijde and Middelkerke, the banks are

merely a subtidal extension of the beach, whereas the areas

1 and 2 comprise a large range of geomorphological

features. The Stroom- and Balandbank (area 1) are linear

sandbanks, oriented parallel to the coastline and separated

from the beach by a gully, the Kleine Rede. Their depth

ranges from 3 to 8 m below mean low water spring level

(MLWS). Area 2 comprises three sandbanks (Den Oever,

Broersbank and Trapegeer) and a tidal gully (Potje), of

which the depth ranges from about 0.5 to 8 m below

MLWS. Due to this geomorphologically and, conse-

quently, hydrodynamically diverse character of the area, a

large variety of sediments (median grain size from 160 to

500 lm) is present (Degraer et al. 1999a).

Because of the large number of wintering common

scoters on the Belgian Western Coastal Banks (Maertens
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et al. 1988, 1990; Devos 1990), this area is designated as an

‘area of international importance for waterfowl’, according

to the Ramsar convention (Kuijken 1972). The area is

designated as a Special Protection Area (SPA), imple-

menting the European Habitat Directive (92/43/EEG).

Parts of the area are further designated as SPA, imple-

menting the European Bird Directive (79/409/EEG).

Sampling

To investigate the spatial distribution, habitat preferences

and density fluctuations of the S. subtruncata population at

the Belgian Western Coastal Banks, 40 and 39 stations

were sampled in October 1994 and 1997, respectively

(Fig. 1). At each station, one sample was taken with a Van

Veen grab (sampling surface area: 0.1026 m2). The sam-

ples were washed over a 1 mm mesh sized sieve before

fixation and then fixated and preserved in an 8% formal-

dehyde–seawater solution.

To study the population dynamics (i.e. growth, pro-

duction and gonad development) of S. subtruncata two

stations (P2 and P20) were selected because of the high

numbers of bivalves observed in October 1994. At each

station, 5 Van Veen grabs were taken on 17 occasions:

monthly, between April 1995 and April 1996, and sea-

sonally, between April 1996 and April 1998. After fixation,

the samples were sieved through a 1 and 0.5 mm sieve and

preserved in 8% formaldehyde–seawater solution. In con-

trast to Fraschetti et al. (1997), who found an important

fraction of a Mediterranean S. subtruncata population

smaller than 1 mm, no individuals of S. subtruncata were

found in the 0.5 mm fraction.

From each sample, a subsample for sediment analysis

was taken with a 1.5 cm diameter core.

Laboratory procedures

All individuals of Spisula were sorted and identified to

species level. Only two species of the genus, S. subtruncata

and Spisula solida, were found, of which S. solida only

occurred in low numbers (<20 ind m–2) in three stations

sampled in 1994. Spisula solida was not detected in the

stations P2 nor P20. Hence, although species identification

of small (<0.5 cm) Spisula specimens is perilous, S. solida

juveniles were not expected to bias the population dyna-

mical aspects of S. subtruncata within this study.

The number of S. subtruncata was counted. To study the

population dynamics of S. subtruncata, 150–400 individ-

uals from the stations P2 and P20 were randomly selected

for biometrical analyses. Length, width and height were

measured with a drawing mirror and dissecting microscope

of individuals shorter than 1 cm and with a vernier caliper

(precision: 0.01 mm) for individuals longer than 1 cm. At

station P2, the individual biomass (ash-free dry weight,

ADW) of 30–50 individuals per sampling occasion was

measured by loss of mass on ignition (500 ± 50�C for 2 h)

of complete, oven-dried individuals (70�C for 48 h)

(Palmerini and Bianchi 1994). Because all individuals were

preserved in a formaldehyde–seawater solution, a decrease

of the ADW, stabilizing after about 3 months, is expected

(Brey 1986). In order to diminish the differences in indi-

vidual biomass estimates between different sampling

months, at least 3 months were left between fixation and

determination of the ADW. Yet, an underestimation of the

individual biomass and standing stock might thus be ex-

pected.

The reproductive condition of S. subtruncata was stud-

ied by dissecting 20 individuals of station P2 for each

month from April 1996 to April 1998. Because of the use

of Bengal rose (darkening the gonads), gametogenesis

could only clearly be detected when the gonads covered at

least half of the visceral mass. In all other cases, the gonad

development could not be assessed with certainty. The

rating of gonad development into five classes from fully to

non-developed gonads (Caddy 1967) could not be used and

a discrimination of the individuals’ reproductive condition

was made only into two classes: (1) well-developed, with

more than half of the visceral mass covered by the gonads

and (2) poorly or non-developed, with the gonads covering

less than half of the visceral mass or being undetectable.

Data analysis

The detailed spatial distribution of S. subtruncata was

investigated by calculating its density and frequency of

occurrence in each of the macrobenthic communities, de-

tected in the area. Based on a multivariate community

analysis of the macrobenthos at each sampling station,

Degraer et al. (1999c) discerned between three distinct

communities: (1) the density- and species-rich A. alba

community and (2) the density- and species-poor Nephtys

cirrosa and Ophelia limacina–Glycera lapidum commu-

nities, following Van Hoey et al. (2004).

The biometric relationships between (1) length and

biomass and (2) length, height and width were investigated

by regression analysis (least squares method), using the

following equations:

Biomass ¼ a� Lengthb

log10Y ¼ aþ b� log10Length

with Y = height or width.

The deviation of the b value of the regression function

from the isometric value (i.e. length-biomass relation:

b = 3; length–height–width relation: b = 1) was analyzed
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by means of a t-test, as advised by Sokal and Rohlf (1987)

and applied by Gaspar et al. (2002). A significant deviation

indicates a negative (b < 3 or b < 1) or positive (b > 3 or

b > 1) allometric relationship.

The length increment was described by the von Berta-

lanffy growth function (VBGF) with incorporation of

winter growth stop. The equation, calculating the predicted

length at age t (Lt), is given by:

Lt ¼ L1 1� e�K t�t0ð ÞþCK
2p sin 2p t�tsð Þ½ �

n o

with Lt the predicted length at age t. The values of the five

parameters (L¥, asymptotic length; K, growth constant; t0,

theoretic age at zero length; C, amplitude of the seasonal

growth oscillation and ts, starting point of the oscillation)

were estimated by means of non-linear estimation (least

squares method), as provided by the statistical software

package STATISTICA 5.1 (Anonymous 1996). The 1995-

year class could easily be distinguished from other year

classes by means of monthly length-frequency distributions,

as other year classes were only present in very low numbers

and clearly differed in size. The input data points to develop

the VBGF, were the average lengths of the 1995 year class

at each sampling occasion. Next to the estimation of the

parameters, STATISTICA 5.1 also provided the standard

error and the level of significance of each estimate.

The values of K and L¥ were also estimated using the

Ford–Walford method in which age–length data are rear-

ranged as length at a specific time Lt and length at a suc-

ceeding time Lt+dt data pairs. If the time differences

between the consecutive length measurements is constant,

the intercept and slope of the linear regression (y = ax + b)

of the data pairs can be used for the estimation of K and L¥,

by K = � 1/dt ln(a) and L1 = b/(1� a). In order to fulfill

the requirement of constant time differences between two

consecutive length measurements, age–length data were

used only from all August and January samples (five data

pairs).

Productivity was estimated with the growth and removal

summation methods (Crisp 1984). The daily mean weight

specific growth rate (Winberg 1971) was calculated.

Growth summation:

P ¼
Xi

1

�D� DIWð Þ

Removal summation:

P ¼
Xi

1

ðDD� IWÞ

Daily mean weight specific growth rate:

Dw ¼
ln IWjþ1

� �
� ln IWj

� �
d

with i, period; j, time; D, density, IW, individual weight

and d, number of days.

Results

Spatial distribution and density

With maximum densities of up to 5,000 ind m–2, S. sub-

truncata was abundant on the Western Coastal Banks

(Fig. 1). The species occurred in 25 and 41% of the stations

in October 1994 and 1997, respectively. A clear preference

for area 2 was observed: it was present in 35% (1994) and

58% (1997) of the stations in area 2 as compared to 15 and

20% in area 1. Densities in area 2 were generally higher

than in area 1. The density of S. subtruncata in 1997 was

higher than in 1994.

Spisula subtruncata was mainly found in the Abra alba

community, as defined by Van Hoey et al. (2004), where it

occurred with an average density of 48 and 549 ind m–2 in

1994 and 1997, respectively. Whereas S. subtruncata was

found in maximum 40% of the stations of the two other

subtidal macrobenthic communities, it was present in at 55

and 63% of the stations of the A. alba community in 1994

and 1997, respectively.

All individuals of S. subtruncata were retained on a

1 mm sieve; no individuals were found in the 0.5 mm

fraction. From April till July 1995, the maximal density of

S. subtruncata in the stations P2 and P20 was 20 ind m–2

(Fig. 2). In August 1995, the species became very abundant

in both stations, with densities up to 150,000 ind m–2.

Between August 1995 and January 1996, the density de-

creased to about 10,000 ind m–2 in both stations. After

January 1996, the density of S. subtruncata in station P20

continued to decrease to some hundreds of ind m–2, while

in station P2 the density also continued to decrease, but

was never lower than about 1,000 ind m–2.
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Biometrics

Except for August 1996 and October 1997, when regres-

sions were not significant, highly significant (P < 0.0001)

regressions between length and biomass of S. subtruncata

during the study period were found per month and for all

months together (Table 1). During the first half year of

their life, the biomass of S. subtruncata showed an iso-

metric relationship with length. During the next 2 years of

its life however, isometric (33%) as well as positive (17%)

and negative (50%) allometric relationships were found; no

clear seasonality could be observed. An overall positive

allometry between length and biomass was found when

combining all months. A very highly significant positive

allometric relationship was found for both height and width

in relation to length (Table 2).

During most of the sampling period S. subtruncata had a

regular shape. From August 1996 till 1997 however, an

aberrant shape, with a clear ventral indentation, occurred

next to regularly shaped individuals (Fig. 3). Except for

January 1997, a generally increasing percentage of aberrant

shapes with increasing density was detected. This trend

was especially obvious in August 1996 and April 1997,

whereas in January 1997 the general trend was disturbed by

the high percentage of aberrant shapes (80%) at the lowest

density (3,300 ind m–2). No data were available for August

1997. After August 1997, no clear aberrantly shaped

individuals were detected anymore.

Length increment

Between April and July 1995, a low number of larger

individuals of S. subtruncata (17–33 mm) was found in

both stations (Fig. 4). Such large individuals were present

till January 1996 in station P20. The length–frequency

distributions show the appearance of a high number of

small individuals (P2: 3–10 mm; P20: 2–6 mm) in August

1995. These individuals doubled their length by October

1995. Between October 1995 and March 1996, individuals,

belonging to this year class, were still present in large

numbers, but they ceased growing. After March 1996, the

year class could still be detected in high densities in station

P2, while their density steeply decreased in station P20.

Still, in both stations, periods of growth (March 1996–

January 1997 and April 1997–October 1997) alternated

with periods of more or less zero growth (August 1996–

January 1997 and October 1997–April 1998). In both sta-

tions, the length–frequency distribution of the year class,

appearing in August 1995, remained unimodal during the

whole study period. Furthermore, the appearance of small

individuals of S. subtruncata (3–6 mm) was also found

in station P20 in August 1996 and in August 1997. Yet,

on both occasions, their density remained low and they

growed till April of the next year.

Not taking into account the larger individuals present in

both stations till August 1995 and probably belonging to

several year classes, one year class, appearing in August

1995 (1995-year class), was detected in station P2. In

station P20, 3 year classes were distinguished: the 1995,

1996 and 1997 year classes, first detected in August 1995,

August 1996, and August 1997, respectively. As the 1995-

year class was most succesful, the parameters of the VBGF

were estimated for this year class only (Fig. 5).

The VBGF of station P2 coincided very well with the

observed data points: 99.7% of the variance in the data

points was explained by the VBGF. Furthermore, the

Table 1 The parameters (a and b) of the regression function Biomass = a � Lengthb, as defined for each sampling occasion (non-significant

regressions for August 1996 and October 1997 not given) and for all months together

N a b P Biometric relationship

Mean SE Mean SE

August 1995 23 0.006 0.006 2.887 0.548 0.839 Isometry

October1995 48 0.011 0.006 2.667 0.206 0.619 Isometry

November 1995 20 <0.001 0.001 3.984 0.833 0.111 Isometry

December 1995 20 0.036 0.036 2.223 0.397 0.066 Isometry

January 1996 47 0.009 0.007 2.801 0.294 0.503 Isometry

March 1996 30 0.030 0.019 2.407 0.241 0.020 – Allometry

April 1996 17 0.049 0.130 2.425 0.996 0.572 Isometry

January 1997 49 0.128 0.160 2.169 0.406 0.046 – Allometry

April 1997 49 0.003 0.008 3.747 0.808 0.302 Isometry

August 1997 46 0.009 0.023 3.236 0.806 0.008 + Allometry

April 1998 49 2.210 3.149 1.493 0.426 0.001 – Allometry

All months 508 0.002 0.001 3.840 0.267 <0.001 + Allometry

N number of observations; SE, standard error; P, significance level of t-test for allometry (H0: b = 3)
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standard errors on the estimated growth parameters were

very small. In station P20, the VBGF coincided less clearly

with the data points, especially during the second year,

when the VBGF was generally below the observed data

points. In station P20, the VBGF predicted a clear

decreasing length during the winter periods. Even though

the standard errors of the estimated VBGF parameters were

higher than in station P2, 98.1% of the variance was ex-

plained by the VBGF. According to the VBGF, L¥ was

higher in station P2 (32.29 mm) than in station P20

(30.81 mm), while K was higher in station P20 (0.90) than

in station P2 (0.74).

Estimates of K and L¥ by means of the Ford–Walford

method (Fig. 6), yielded comparable values for both sta-

tions (L¥: 33.25 and 31.96 mm; K: 0.65 and 0.62, in station

P2 and station P20, respectively).

Production

In August 1995, the individual weight of the 1995-year

class (only measured for station P2) ranged from 0.1 to

2.1 mg ADW (mean 0.5 mg ADW ind–1) (Fig. 7). During

their first winter (October 1995–January 1996) the aver-

age individual weight was 9 mg ADW ind–1, slightly

increasing over winter. Between January and August 1996,

the individual weight steeply increased to more than

100 mg ADW ind–1. During the second winter period, it

Table 2 Summary parameters of the regression analysis of the relationships between length (L), height (H) and width (W) of Spisula sub-
truncata

Biometric equation N R2 SE P Relationship

log H = –0.270 + 1.084 log L 439 0.99 0.006 <0.001 + allometry

log W = –0.562 + 1.149 log L 415 0.97 0.009 <0.001 + allometry

N number of observations; R2 determination coefficient; SE standard error of slope estimate; P significance level of t-test for allometry (H0:

b = 1)
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slightly decreased to about 90 mg ADW ind–1 (January

1997). After the second winter period, individual weight

increments were detected between January and April 1997

(90–400 mg ADW ind–1) and between August and October

1997 (250–900 mg ADW ind–1). Individual weight losses

were observed between April and August 1997 (400–

250 mg ADW ind–1) and between October 1997 and April

1998 (=third winter period) (900–250 mg ADW ind–1).

The standing stock of the 1995-year class in station P2

generally followed the same pattern as the individual

weight, with a minimum of 65 g ADW m–2 (August 1995)

and a maximum of 1,500 g ADW m–2 (October 1997)

(Fig. 7). The main difference with the individual weight

was found during the first winter: the standing stock de-

creased (150–80 g ADW m–2), while the individual weight

slightly increased.

The gonad development of S. subtruncata was studied

from April 1996, when gonad development could first take

place in the 1995-year class, till April 1998. A clear peak in

the reproductive condition (i.e. gonad development) was

found in April 1997 and 1998, with the gonads covering at

least half of the visceral mass in all individuals. All other

months revealed non-developed or only slightly developed

gonads.

Except for the negative production between December

1995 and January 1996 according to the removal summa-

tion method, both methods calculated a positive production

between August 1995 and April 1996 (Table 3). During

this period, the total production was estimated at 366

(growth summation method) and 354 g ADW m–2 (re-

moval summation method). About half of this production

was found between August and October 1995. After April

1996, both methods yielded different production estimates

with a maximum of 1,214 g ADW m–2 between January

and April 1997 (growth summation method) and a

minimum of –765 g ADW m–2 between October 1997 and

April 1998 (growth summation method). The two produc-

tion estimates (growth and removal summation methods)

of the 1995-year class in station P2 yielded similar results

of 1,657 and 1,473 g ADW m–2 during the study period

(979 days).

The daily mean weight specific growth rate was maxi-

mal between August and October 1995 (0.033 mg mg–1

day–1). High values (minimal 0.017 mg mg–1 day–1) were

also found during the periods March–April 1996, January–

April 1997, and August–October 1997. During the first

winter period, low, but positive daily mean weight specific

growth rates were observed (maximal 0.004 mg mg–1

day–1). Negative values (down to –0.006 mg mg–1 day–1)

were found during the second and third winter period

(August 1996–January 1997 and October 1997–April

1998) and between April and August 1997.

Discussion

Spatial distribution and recruitment

The bivalve S. subtruncata is known to be an abundant

species in shallow coastal waters of the Southern North Sea

(Van Urk 1959; Tebble 1966; Rueda and Smaal 2004). In

this study, the bivalve is found to be abundant and wide-

spread on the Western Coastal Banks. Within this area, S.

subtruncata is not distributed uniformely: highest density

and frequency of occurrence coincided with the distribu-

tion of the A. alba community. At the Western Coastal

Banks this community occurs in the deeper (about 6 m),

fine sandy sediments (median grain size: 200 ± 20 lm),

mainly of the gully Potje and the northern flank of the

sandbank Den Oever, both situated in area 2 (Degraer et al.

1999a, 1999c). Still, S. subtruncata was absent in a rather

large proportion (37%) of the stations of the A. alba

community. This fact supports the idea of a patchy distri-

bution of the bivalve and the existence of Spisula banks

(Davis 1923; Van Assche and Lowagie 1991; Meire 1993).

Especially within area 2, an increase in occurrence and

density of S. subtruncata was detected between 1994 and

1997: an overwhelming recruitment, with densities up to

150,000 ind m–2, was first detected on 10 August 1995.

Since (1) settling individuals have an average size of

210 lm (Fraschetti et al. 1997) and (2) the collected

individuals were 2 mm at minimum (absence of specimens

in the 0.5 mm fraction!), the recruitment must have taken

place in July 1995. The recruitment not only took place in

the stations P2 (Potje) and P20 (Den Oever), but probably

over a large range of the Western Coastal Banks and cer-

tainly of area 2, where the small individuals formed a dense

mat of about 1 cm on top of the sediment in at least

two more stations (personal observation). One of these
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Fig. 7 Temporal variation of the individual weight (filled square,

mg ADW ind–1) and the standing stock (open square, g ADW m–2)

of the 1995 year class of Spisula subtruncata in station P2
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two other stations was situated in the Nephtys cirrosa

community, occurring in shallower (about 4 m), coarser

(median grain size: about 250 lm) sediments (Degraer

et al. 1999a). Similar to Møhlenberg and Kiørboe (1981),

this fact, together with the higher densities and occurrence

of S. subtruncata in the N. cirrosa community in 1997,

compared to 1994, suggests that the recruitment also oc-

curred in suboptimal environments, while a successful

recruitment, followed by a fair survival of the individuals,

was only noticed in the optimal habitat of the A. alba

community (e.g. stations P2 and P20).

As post-settlement mortality often operates as a density

regulation of soft-sediment invertebrates (Olafsson et al.

1994; Fraschetti et al. 2003), it probably explains the steep

density decrease between August and October 1995 in both

stations. In October 1995, both stations had a similar

density of 15,000–20,000 ind m–2. Due to this mortality of

S. subtruncata, small (at maximum 1 cm), dead and dying

individuals of S. subtruncata formed large banks at the

strandline of the beach of De Panne, situated in area 2, in

September 1995 (personal observation).

Furthermore, after January 1996, a drastic decrease in

density (to less than 100 ind m–2) occurred in station P20,

while the density in station P2 was never below 1000 ind

m–2. This high mortality of S. subtruncata coincided with

an increase of the sediment’s mud content: till December

1995 a mud content of maximal 5% was found, while this

content started to increase from January 1996 onwards to

reach up to 30% in March 1996 (Degraer et al. 1999b). This

sedimentological change was not detected in station P2,

where the mud content was never higher than 6%. This

sedimentological change may be responsible for the high

mortality of S. subtruncata in station P20 between January

and March 1996. High mortality of Spisula, related to mud

deposition, has also been demonstrated in Swansea Bay

(UK) (Shackley and Collins 1984).

Next to the successful recruitment, detected in August

1995 in both stations, two other recruitments were de-

tected: August 1996 (1996-year class) and August 1997

(1997-year class) in station P20 (Den Oever). The

appearance of the 3 year classes all point towards a period

of recruitment in July–August. This coincides with the

recruitment of many other bivalve species in temperate

regions, such as A. alba (Rainer 1985). On the Doggerbank

(North Sea), recruitment of S. subtruncata was also as-

sessed to take place between June and the beginning of

August (Davis 1923, 1925). The recruitment events in

August 1996 and 1997 both revealed a low number of

individuals and were found till at least April of the fol-

lowing year. In the case of the 1996-year class, a low

number possibly survived for a longer period, but they

could not be discriminated from the 1995-year class by

means of the length–frequency distributions from August

1997 onwards. A successful recruitment of the 1996-year

class and the 1997-year class, increasing the occurrence

and density of the bivalve, is thus doubtful and certainly

Table 3 Calculation of the production of the cohort 1995 of Spisula subtruncata in station P2, according to the growth summation (GS) and the

removal summation method (RS) (Crisp 1984) and the daily mean weight specific growth rate (Dw Winberg 1971)

Date Period N of

days

IW Density Mean

IW

Mean

Density

IW

Increment

Density

decrement

Production

GS

Production

RS

Dw

August 1995 – 1.4 50,117

October 1995 1 54 8.1 16,848 4.8 33,483 6.8 33,269 224 158 0.033

November 1995 2 36 9.3 15,749 8.7 16,299 1.1 1,099 20 10 0.004

December 1995 3 30 9.5 13,006 9.4 14,378 0.3 2,743 3 26 0.001

January 1996 4 38 10.1 13,702 9.8 13,354 0.6 –696 8 –7 0.002

March 1996 5 58 12.8 6,925 11.5 10,314 2.7 6,777 28 78 0.004

April 1996 6 37 29.9 2,770 21.4 4,848 17.1 4,155 83 89 0.023

August 1996 7 124 104.0 5,035 67.0 3,903 74.1 –2265 289 –152 0.010

January 1997 8 154 94.8 3,885 99.4 4,460 –9.2 1,150 –41 114 –0.001

April 1997 9 90 449.8 2,955 272.3 3,420 355.0 930 1,214 253 0.017

August 1997 10 126 347.1 1,033 398.5 1,994 –102.7 1,922 –205 766 –0.002

October 1997 11 57 909.2 1,807 628.2 1,420 562.1 –774 798 –486 0.017

April 1998 12 175 320.6 791 615.0 1,299 –588.6 1,016 –765 625 –0.006

Total – 979 – – – – – – 1,657 1,473

N of days: the number of days between two consequent sampling dates or during one period; IW: individual weight (mg ADW ind–1); Density

(ind m–2); Mean IW and Density: the mean individual weight and density during one period; IW and Density increment: individual weight and

density increment during one period (mg ADW ind–1 period–1 or ind m–2 period–1, respectively); Production (g m–2); Dw daily mean weight

specific growth rate, in mg mg–1 day–1
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minor to the 1995-year class. A high year-to-year vari-

ability in recruitment success of S. subtruncata was already

demonstrated in the Mediterranean (Fraschetti et al. 1997).

Survival to 1 year dependent on high-density bivalve set-

tlement in the preceding summer was also demonstrated for

Spisula solidissima (Weissberger and Grassle 2003).

The highly variable recruitment success, common in

many benthic organisms with planktonic life stages (Fo-

garty et al. 1991; Chintala and Grassle 2001; Lewis et al.

2001), is responsible for the high temporal variability

within the spatial distribution and density of S. subtrun-

cata. On the Western Coastal Banks, the bivalve was

present in low densities in 1977 (Van Steen 1978), whereas

high densities (more than 1,000 ind m–2) were found in

1991 in the eastern part of area 2 (Van Assche and Lowagie

1991), where S. subtruncata was almost absent during this

study.

Growth and production

Since both height and width showed a positive allometric

relationship with length, the bivalve’s shape gradually

changes from relatively long and slender individuals to

more robust (i.e. higher and wider) individuals as they

grow bigger. Although also isometry as well as negative

allometry can be observed in bivalves, positive allometry

clearly prevails and was already observed for S. subtr-

uncata in the Algarve region (southern Portugal) by

Gaspar et al. (2002). In the latter study, the main reasons

for a positive allometry were hypothesized to be (1) the

need for active burrowing in the juvenile stage, favouring

slender individuals versus (2) the avoidance of involun-

tary dislodgement in the adult stage, favouring more

robust individuals. The isometric relationship between

length and biomass (b = 3) during the first half year of

the bivalve’s life indicates an equal increment in length

and biomass. After this period, the rather erratic shift

between isometry, positive and negative allometry did

not allow to deduct any seasonal trend. Hence, it was

impossible to hypothesize on the changes in biometric

relationships in relation to physiological changes, such

as length-dependent starvation or individual productivity.

This absence of trend might be due to the rather

long-time intervals between the consequent sampling

occasions, rather than to the absence of length-dependent

physiological changes. It definitely does not mean

that (length-independent) starvation nor increased pro-

ductivity take place, as demonstrated further down the

discussion.

Similar to Macoma balthica (Bachelet 1980) and Scro-

bicularia plana (Bachelet 1981), the growth curve (length

increment) of S. subtruncata, comprizing periods of growth

(early spring till early autumn) interrupted by periods of

growth cessation (late autumn and winter), can be de-

scribed by the VBGF with incorporation of a winterpoint,

explaining 99.7% of the total variance within the data of

station P2 and 98% in station P20. The growth constant

(K), estimated at 0.74 and 0.90 (VBGF) and 0.65 and 0.62

(Ford–Walford method) in station P2 and station P20,

respectively, is high, but within the range that of many

other bivalve growth constant estimates, with K-values

generally below 0.5, but with a maximum 1.0 (Bachelet

1980; Urban and Campos 1994; Walker and Heffernan

1994; Kock 1995; Ramón et al. 1995; Cranfield et al. 1996;

Cranfield and Michael 2001). L¥, the length of an indi-

vidual of maximal age, was estimated at 32.3 and 30.8 mm

(VBGF) and 33.3 and 32.0 mm (Ford–Walford method) in

stations P2 and P20, respectively, while the longest indi-

vidual of this study measured 33.14 mm. The comparable

estimations of L¥ confirm the reliability of L¥.

Shortly after the recruitment of the 1995-year class

(August 1995), smaller individuals were found in station

P20 (average 3 mm) compared to station P2 (average

6 mm). This difference in length may be the result of (1) a

higher density of recruits in station P20 (Walker 2001;

Horii et al. 2002), causing an increased competition for

food and space, (2) a later settlement of the planktonic

larvae, shortening the growing period (Davis 1923), and/or

(3) environmental differences between the two stations,

favouring growth of the individuals in station P2. Only the

higher density in station P20 could be detected, but the two

other aspects may play a role as well. Davis (1923), who

found two separable (length–frequency distributions)

length classes of recently settled individuals of S. sub-

truncata on the Doggerbank, stated: ‘‘…This appears to

indicate a double spawning season, not necessarily the

result of two spawnings of the same adult group, but more

probably the result of two adult groups maturing at

different seasons…’’. The differential maturation and

spawning of two adult groups, will create a time lag be-

tween the presence and settlement of planktonic larvae of

the two groups. If this explains the difference in length of

recently settled individuals of S. subtruncata between sta-

tion P2 and station P20, the populations in both stations are

probably originating from two different parental stocks of

S. subtruncata. Taking into account the prevailing residual

currents along the Belgian coastline, causing a northeastern

flow of the water masses, including planktonic organisms

(e.g. larvae of S. subtruncata), these adult populations

should be found southwest of the study area (northern

France). Distances of several tens of kilometers between

the geographical position of the adult population and the

place of settlement of juvenile S. subtruncata are already

described for the Doggerbank (Davis 1923).

Till October 1995, the newly settled recruits had a short

growing period, during which their length almost doubled
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(P2: 11 mm; P20: 5 mm) and the individual biomass in

station P2 increased from 0.5 to 8 mg ADW ind–1. An

average length of S. subtruncata of 5–6 mm in October has

already been demonstrated on the Doggerbank (Davis

1923). A similar fast length and biomass increment during

the first growing period was found for the bivalve Macoma

balthica (Ankar 1980; Bachelet 1980).

As expected, a length increment could hardly be noticed

during the winter conditions (October 1995 till March

1996). Yet, during this first winter period the individual

biomass continued to increase steadily, though slowly.

During the second growing season (March 1996 till August

1996) the length and biomass increased to about 22 mm

(both stations) and 100 mg ADW ind–1 (station P2). This

implies a faster length increment of the individuals at

station P20. This differential growth of S. subtruncata

during the second growing season, also observed by Davis

(1923), may be explained by the ‘catching up phenome-

non’, describing a faster growth of individuals starting at a

smaller size (Lammens 1967; Bachelet 1980). Because the

VBGF is based on a single—constant in time—growth

constant (K), the faster length increment of S. subtruncata

in station P20 during this second growing period, in com-

parison with other growing periods, explains the underes-

timation of the length of the individuals at the end of the

growing period. During the second and third winter period,

S. subtruncata had a relatively constant length of about 22–

24 and 27–28 mm, respectively, in both stations.

In station P2, the individual biomass decreased from 100

to 90 mg ADW ind–1 during the second winter and from

900 to 300 mg ADW ind–1 during third winter. Because

the growth of different bivalves show a positive correlation

with the seawater temperature and the chlorophyll a con-

tent of the watercolumn (Ankar 1980), suboptimal growing

conditions are expected during both winter periods, with

low temperatures and chlorophyll a content along the

Belgian coast (Moll 1998). The most obvious biomass

decrease during the third winter (decreasing 65%), may be

related with the relatively high seawater temperatures

during the winter 1997–1998 (minimum 4�C), when

bivalves need to spend more energy at their basic meta-

bolism than at lower temperatures (winter 1996–1997:

minimum –0.5�C, with 1.5 months below 4�C) (Zwarts

1991). Yet, an age-dependent increase of basic metabolism

rates may play an important role as well.

Finally, during the third growing period, the length

steadily increased to about 27–28 mm in both stations,

whereas the individual biomass was fluctuating. The steep

increase in biomass between January and April 1997 (from

90 to 450 mg ADW ind–1) in combination with an only

minor length increment can be attributed to gametogenesis

(gonad production). Similar to many bivalve species in

temperate regions (including S. subtruncata; Rueda and

Smaal 2004), the gametogenesis takes place in spring (well

developed gonads in April 1997 and 1998), when food

availability increases (Bachelet 1980; Nakaoka and Matsui

1994). A spectacular individual biomass increase, partly as

a consequence of the gametogenesis, was also observed in

other bivalve species (Bachelet 1982; Zwarts 1991). Be-

tween April and August 1997, the drop in individual bio-

mass (from 450 to 350 mg ADW ind–1) in combination

with a new length increment (from about 22 to 25 mm),

may be explained by the release of the gametes and new

somatic production, respectively (Bachelet 1980). After

August 1997, the increment in individual biomass, from

350 to 900 mg ADW ind–1, probably points towards an

increased somatic production in order to survive the next

starving period, their third winter period. An increase in

condition index in summer and late autumn, due to the

accumulation of reserves, was also observed for Spisula

solida (Gaspar and Monteiro 1999).

Combining the somatic and gonad growth, the 1995-year

class of S. subtruncata had a net production of about

1.5 kg ADW m–2 over a 2.5 year period in station P2 or

an average yearly production of the 1995 year class of

600 g ADW m–2 year–1. This is very high in comparison to

other studies, in which a yearly production of maximum

156 g ADW m–2 year–1 (Mytilus edulis) was assessed

(Table 4). This high productivity is attributed to a combi-

nation of a high individual productivity, but also to the high

population density. These high densities are hypothesized to

be directly responsible (space limitation) for the aberrant

Table 4 Yearly production

estimates (g m–2 year–1) for a

variety of bivalves

Biomass type: ADW Ash-free

dry weight; SDW, Shell-free dry

weight

Species Area Yearly production Type Source

Spisula subtruncata North Sea 600 ADW This study

Spisula subtruncata Mediterranean 0.1–0.6 ADW Fraschetti et al. (1997)

Corbicula fluminea USA (freshwater) 9–23 (max.) SDW Stites et al. (1995)

Arctica islandica Baltic Sea 15 ADW Brey et al. (1990)

Mytilus edulis North Sea 156 ADW Craeymeersch et al. (1986)

Scrobicularia plana Atlantic ocean 0.6–25.2 ADW Bachelet (1982)

Macoma balthica Atlantic ocean 0.7–3.2 ADW Bachelet (1982)

Macoma balthica Baltic Sea 62.8 SDW Ankar (1980)
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shape of S. subtruncata after August 1996. Although other

causes for such shell deformations, such as pollution or

fisheries damage, cannot be excluded, these causes are

considered unlikely or at least inferior because (1) the Bel-

gian coastal zone is not considered a highly polluted area, as

demonstrated by the low levels of trace metals in e.g. S.

subtruncata (Guns et al. 1999) and (2) both pollution and

fisheries damage can be expected to cause irregular (e.g.

Sokolowski et al. 2004), rather than the observed regular

ventral indentation.

Implications of a possible Spisula fishery at the Western

Coastal Banks

Although Spisula fishery is presently not allowed in Bel-

gium, the legislative prohibition is often pressurized when

major stocks are encountered. This section on the impli-

cations of Spisula fishery should therefore be regarded as a

policy support for a careful evaluation of a possible Spisula

fishery at the Western Coastal Banks and by extension the

full Belgian part of the North Sea (BPNS). Several general

principles within this section further support Spisula fish-

eries management outside the BPNS.

Spisula subtruncata is known to be an important food

resource for the common scoter (Melanitta nigra) (Leopold

et al. 1995). Within its wintering area, the common scoter

prefers shallow coastal waters, with a lack of disturbance

and a fair density of bivalves (Kirchoff 1981), being its

major food resource (Cramp and Simmons 1977; Meissner

and Bräger 1990). The Western Coastal Banks and espe-

cially its common A. alba community is known to harbour

a rich bivalve fauna, with—next to S. subtruncata—

A. alba, Tellina fabula and Ensis spp. reaching relatively

high densities (on average 139, 104 and 62 ind m–2,

respectively) (Degraer et al. 1999a). Furthermore, being

too shallow for most commercial shipping, the area is

fulfilling all demands of the seaducks and, consequently,

thousands of common scoter are wintering in the area

(Maertens et al. 1988, 1990; Devos 1990; Offringa et al.

1998). The evident decrease of the standing stock of S.

subtruncata due to shellfisheries might lead to a shortage in

food for the seaducks and may lead to the local disap-

pearance of seaducks, as already demonstrated in the

Netherlands for the common scoter (Leopold 1993; Leo-

pold et al. 1995) as well as for the common eider (Cam-

phuysen et al. 2002). This local disappearance might

further be enhanced by visual disturbance merely due to the

presence of the fishing boats. Because the common scoters

are mainly wintering in the southern North Sea, such visual

disturbance might be minimized if shellfisheries take place

from spring to autumn, being the most profitable period for

shellfisheries as demonstrated by the high condition index

during this period in this study and suggested by Leopold

(1993).

Furthermore, though being the most abundant bivalve

in all macrobenthic communities of the Western Coastal

Banks (Degraer et al. 1999b), certainly in 1997, S. subtr-

uncata is only found in high densities in the A. alba

community (Degraer et al. 1999a). At the Western Coastal

Banks this ecological highly important community (Van

Hoey et al. 2004) is only encountered in the deeper parts of

area 1, as the tidal gully, Potje, and the northern flank of

Den Oever and a few spots of area 2 (Degraer et al. 1999a).

In comparison with the shallow parts of the Western

Coastal Banks, these relatively deeper areas create a

hydrodynamically more benign situation for the macro-

benthos, strongly increasing the density and diversity of the

macrobenthos. Because shellfisheries can lead to a general

impoverishment (density, biomass and diversity) of the

whole macrobenthic system (Craeymeersch 1997), in case

of S. subtruncata fisheries severe damage to the ecologi-

cally important macrobenthic A. alba community might be

expected.

Finally, because the occurrence of fishable stocks of S.

subtruncata (86,000 ton in 1998) is concentrated in small

areas, mainly the Western Coastal Banks (Vanhee et al.

1998), this stock can be depleted within a short period of

time. Though having a high productivity, the natural

recovery of the stocks after stock depletion may take sev-

eral years, as demonstrated by the highly variable recruit-

ment of S. subtruncata found in this study.

Because of (1) the direct resource competition between

shellfisheries and seaducks, (2) the damage to the ecolog-

ically important macrobenthic A. alba community and (3)

the expected erratic recovery Spisula populations after

depletion, a continuous deliberation about the spatial

allocation of Spisula fisheries is advised. Such deliberation

is already in use in the Netherlands where the spatial

allocation of Spisula fisheries is licensed from year to year,

based on a thorough yearly investigation of the spatial

distribution and standing stock of S. subtruncata (Cra-

eymeersch and Perdon 2003).
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van Melanitta nigra (Linné, 1758) voor de Belgische kust.

Thesis Ghent University, Ghent

Van Urk RM (1959) De Spisula’s van het Nederlandse strand.

Basteria 23:1–32

Walker RL (2001) Effects of stocking density on growth and survival of

Atlantic surfclams in bottom cages versus mesh bags. J Shellfish

Res 20:1173–1176

Walker RL, Heffernan PB (1994) Age, growth rate, and size of the

southern surfclam, Spisula solidissima similis (Say, 1822). J

Shellfish Res 13:433–441

Weissberger EJ, Grassle JP (2003) Settlement, first-year growth, and

mortality of surfclams, Spisula solidissima. Estuar Coast Shelf

Sci 56:669–684

Winberg GG (1971) Methods for the estimation of production of

aquatic animals. Academic, London

Zwarts L (1991) Seasonal variation in body weight of the bivalves

Macoma balthica, Scrobicularia plana, Mya arenaria and

Cerastoderma edule in the Dutch Wadden Sea. Neth J Sea Res

28:231–224

Mar Biol (2007) 152:863–875 875

123


	Spatial distribution, population dynamics and productivity�of Spisula subtruncata: implications for Spisula fisheries�in seaduck wintering areas
	Abstract
	Introduction
	Materials and methods
	Study area
	Sampling
	Laboratory procedures
	Data analysis

	Results
	Spatial distribution and density
	Biometrics
	Length increment
	Production

	Discussion
	Spatial distribution and recruitment
	Growth and production
	Implications of a possible Spisula fishery at the Western Coastal Banks

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


