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ABSTRACT: Recent investigations on the recruitment of marine benthic invertebrates have highlighted 
the ability of postlarval and juvenile stages to re-enter the water column and undergo a consequent dis- 
persal following primary settlement. In the eastern part of the Bay of Seine (English Channel), abun- 
dances of Pectinana korenipostlarvae within the water column were measured hourly at 1 station over 
2 time series of 93 and 92 h conducted in May 1991 and 1992 to determine the magnitude and fre- 
quency of postlarval transport and its dependency on current velocity and bottom shear stress. Postlar- 
val numbers varied strongly with the state of the tide; mean densities were  consistently larger, by a t  
least one order of magnitude, during flood than during ebb.  Maximum densities were observed with 
about a 2 h delay relative to the tidal current speed and bottom shear stress maxima. No diurnal rhythm 
of n~igratory activity was observed. The interaction of postlarval drifting and tide generates a net land- 
ward transport which could partly reduce the demograph~c consequences of larval dispersal. This 
mechanism is proposed to be one of the major processes which explain the spatial and temporal stabil- 
ity of the adult population in a highly advective and dispersive environment. The potential effects of 
other environmental factors (e.g.  wind events) are also discussed. 
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INTRODUCTION 

Larvae are  acknowledged to be the dispersal stage 
of coastal marine benthic invertebrates at  large spatial 
scales (Scheltema 1986). However, recent work has 
suggested that postlarval and juvenile transport occur 
for numerous taxa, including molluscs, crustaceans 
and polychaetes (Butman 1987, Giinther 1992, Armo- 
nies 1994). Such a transport may modify juvenile distri- 
butions, after primary settlement, at  spatial scales from 
meters to kilometers and result in changes of habitat 
for entire populations, a s  was observed for the bivalve 
Macoma balthica in the Wadden Sea (Beukema & de 
Vlas 1989, Armonies & Hellwig-Armonies 1992). Until 
now, most of the studies carried out concentrated on 

the causes of postlarval dispersal (e.g.  reaction to pre- 
dation or competition, response to environmental dis- 
turbances, search for suitable areas) and  its conse- 
quences in terms of population dynamics. In contrast, 
few of them have correlated this mechanism with 
hydrodynamical processes. In the Wadden Sea, trans- 
port of Macoma balthica thread-drifting postlarvae 
was related to the state of the tide, such that higher 
numbers were sampled when the current speed was 
maximal (Beukema & d e  Vlas 1989). Likewise Palmer 
& Gust (1985) showed in the North Inlet Estuary (South 
Carolina, USA) that meiofauna dispersal in the water 
column depended primarily on the intensity of the fric- 
tion velocity. 

In the eastern part of the Bay of Seine (English Chan- 
nel), the tubicolous worm Pectinaria koreni is confined 
to the insular, muddy fine sand Abra alba - Pectinaria 
koreni community, of which it is one of the most com- 
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mon species (Gentil et al. 1986, Thiebaut 1994, E. Thie- 
baut. L. Cabioch, J. C. Dauvin, C. Retiere & F. Gentil 
unpubl.). Pectinaria koreni exhibits 2 spawning peri- 
ods, i.e. in spring and in summer (Irlinger et al. 1991). 49.40 ,  

During their development, which ranges from 11 to 
13 d (Lagadeuc & Retiere 1993), larvae can be trans- 
ported up to at least 30 to 40 nautical miles from the 
point of origin, depending on tidal residual circulation 
and wind-induced current (Lagadeuc 1992). Such a 
dissemination generates a primary settlement of post- 
larvae on a large area irrespective of the sediment tex- 
ture (Lambert et al. 1996). Nevertheless Lambert 49'30'N 

(1991) and Olivier et al. (in press) have shown in flume 
experiments that Pectinana koreni postlarvae and 
juveniles could select the substrate and be transported 
after primary settlement. The drift-transport is induced 
by the secretion of a mucus thread which increases 
drag forces on individuals (Lambert 1991). 

From 2 data-sets of hourly planktonic samples col- 
lected in May 1991 and 1992 at 1 station located in the 
eastern part of the Bay of Seine, the aims of the present 
study were (1) to quantify in situ Pectinaria koreni 
postlarval abundances in the water column and (2) to o0 20' W 0-IWW O' DD' D" I O ' E  

determine their short-term fluctuations with respect to 
environmental factors the hydrodynamic regime Fig. 1. Study area and location of the sampling station (Stn F) 

seaward of the Seine estuary. Dotted areas indicate the dis- 
and the d a ~ / n i g h t  The were in tribution of Pectinaria koreni adult population (densities 
terms of postlarval transport, and their possible conse- 250 ind. m-2) in March 1991 (from ThiPbaut 1994). The arrow 
quences on recruitment were discussed. indicates the main direction of flood current at Stn F 

MATERIALS AND METHODS 

Study area. Along the French coasts of the English 
Channel, the Bay of Seine forms a quadrilateral 
embayment characterized by a macrotidal hydrody- 
namic regime (Fig. 1). The tidal range varies between 
3.0 m at neap tide and 7.5 m at spring tide (Chabert 
dlHieres 1986). Instantaneous tidal currents are ellip- 
tic. Tidal flows are asymmetrical so that flood currents 
are stronger but shorter in duration than ebb currents 
(Le Hir & L'Yavanc 1986). Maximum tidal current 
speeds range from 0.5 m S-' in the eastern part of the 
bay to 0.8 m S-' in the middle of the bay (Chabert 
d'Hieres 1986). Benthic communities are distributed In 
response to hydrodynamical and sedimentary gradi- 
ents, from a muddy fine sand community in coastal 
shallow waters to medium sand and sandy gravel corn- 
munities in offshore waters (Cabioch & Gentil 1975). 

Sampling. Sampling was carried out at Stn F 
(49" 26.60' N, 00" 01.30' E) in shallow waters seaward of 
the Seine estuary (Fig. 1).  Stn F was located at the 
centre of the Abra alba - Pectinaria koreni muddy fine 
sand community in the south of the channel entrance 
to Le Havre harbour. Samples were taken during 1 
period of 93 h on 23-27 May 1991 and 1 period of 92 h 

on 25-29 May 1992. Averaged tidal ranges were 4.6 
and 4.5 m in 1991 and 1992 respectively. P. koreni post- 
larvae were collected hourly at 2 m intervals, from 1 m 
below the surface to the bottom, using a 10 cm diame- 
ter collection pipe and a volumetric pump (PCM 
Moineau) delivering a constant flow of 300 1 min-'. 
A sample of 0.6 m3 was obtained at each depth over 
2 min, sieved through an 80 pm mesh net and pre- 
served in 5% formalin buffered with sodium borate. 
Current speeds and directions were measured every 
2 min by a RCM 8 Aanderaa Current Meter at 2 m 
above the bottom. Due to a technical hitch, current 
measurements were available during only the first 82 h 
of the sampling period in 1991. 

Data analysis. Metamorphosis of Pectinaria koreni 
larvae into the aulophore stage (i.e. postlarvae) occurs 
in the water column (Lagadeuc & Retiere 1993). The 
aulophore is characterized by a coniform membrane- 
ous parchment-like tube. Thread-drifting aulophores 
which have already had contact with the substrate can 
be distinguished from planktonic aulophores by the 
occurrence of sand grains attached to the anterior ends 
of tubes. The term 'postlarvae' is used for young 
recruits acquiring morphological adult characteristics 
(i.e. construction of the sand tube, morphogenesis of 
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gills and buccal tentacles) over a period of about 2 wk 
(Lambert et  al. 1996). The term 'juveniles' refers to 
older recruits. Counts of drifting postlarvae were done 
after sub-sampling as explained in Thiebaut et al. 
(1992). Briefly, the sample was diluted to 200 m1 with 
seawater, homogenised, and a n  aliquot was pipetted 
into a reticulate Dolfuss receptacle. Approximatively 
100 postlarvae were counted per sample to obtain a 
good estimation of their total abundance. Results were 
expressed as number of postlarvae m-3. 

Averaged current parameters (i.e. speed and direc- 
tion) were calculated every hour coincident with bio- 
logical samples. The bottom shear stress (T, N m-" was 
estimated by the friction velocity ( U - ,  m S-') as follows 
(Gross & Nowell 1983): 

where p is the fluid density. Measurements of temper- 
ature and salinity during both surveys showed that 
seawater density near the bottom remained close to 
1025.0 kg m-3, whatever the tidal stage. 

Friction velocity (U-) was determined from the loga- 
rithmic von Karman-Prandtl equation (Gross & Nowell 
1983): 

non-parametric Mann-Whitney U-test (Scherrer 1984). 
Auto- and cross-correlation analyses (Legendre & 
Legendre 1984) were performed to determine the peri- 
odicity of depth-averaged postlarval abundance fluc- 
tuations and to compare this with bottom shear stress 
variations. Auto- and cross-correlation coefficients 
were calculated at  1.0 h lag intervals and plotted as a 
function of lag As homoscedacity of data is important 
for these analyses, postlarval abundances were previ- 
ously log-transformed. Confidence intervals of correla- 
tion coefficients at a = 0.05 were calculated using the 
Bartlett's test (Legendre & Legendre 1984). 

RESULTS 

Hydrodynamics 

During the sampling periods, instantaneous tidal 
currents varied between 12 and 48 cm S-' in May 1991 
and 7 and 43 cm S- '  in May 1992, according to the 
semi-diurnal tidal cycle (Figs. 2 & 3).  Maximum speeds 
occurred during the first 2 h of the flood. Minimum 

where U is the velocity at h e t  , k is o n  
Karman's constant (equal to 0.4) and z, is the 
bed roughness. As no permanent or temporary 
sediment structure (i.e. ripples and dunes) were 
observed in the studied area lAuffret & d'Ozou- 
ville 1986), zo was calculated according to Van 
Rijn (1982): 

where k,, Nikuradse's roughness, is equal to 3 Q; 
4 is the sediment mean diameter equal to 
196 pm at our site (Thiebaut pers. obs.). 

The spatio-temporal variations in the distribu- 
tion of postlarvae were depicted with contour 
plots using Golden Graphics System software 
(SURFER). 

According to Arnlonies (1994), 2 assumptions 
are required to estimate the most likely mode of 
water colunln entrance of postlarvae: (1) the 
postlarval abundance is statistically related to 
water flow, indicative of passive erosion from 
the sediment, and (2) the postlarval abundance 
varies significantly with the day/night cycle, 
indicative of active behaviour. Different non- 
parametric and parametric statistical analyses 
were used to assess which appropriate assump- 
tions were valid. Significant differences (a  = 
0.05) in postlarval abundances with respect to 
tidal stage and die1 cycle were tested using the 
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Fig. 2. (A) Short-term evolut~on of current speed in cm S- ' ,  (B) esti- 
mated bottom shear stress in N m-2, and (C) postlarval Pectlnaria 
koreni dens~t ies  in ind.  m- '  al Stn F during the first sampling period, 
23-27 May 1991 Dotted area in C indicates densities 2100 ind. m-" 
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2 h after low tide) while minimum shear stress 
was observed during the high tide slack water. 

In May 1991, because the tidal-height ampli- 
tude increased only from 4.10 to 5.20 m, maxi- 
mum current speeds and bottom shear stress 
during each tidal cycle remained roughly con- 
stant during the whole sampling penod. Con- 
versely, in May 1992, in response to an increase 
of tidal range from 3.65 to 5.45 m, maximum 
current speeds fluctuated from 24 cm S-' at the 
beginning of the sampling period to 43 cm S-' 
at the end of the sampling period. During the 
same time, the maximum bottom shear stress 
increased from 0.072 to 0.225 N m-' 

Short-term variations of postlarval 
abundance 

Drifting Pectinaria koreni aulophores col- 
lected during this study had only 1 to 3 ropes of 
sand grains attached at the anterior part of 
their membraneous tube and could be defined 
as recently settled postlarvae (i.e. less than 
1 wk) (Lambert et al. 1996). Their densities 
fluctuated between 0 and 800 ind, m-"n 1991 
and between 0 and 143 ind, m-3 in 1992 in rela- 
tion to the tidal cycle (Fi.gs. 2 & 3). In both years, 

Fig. 3. (A) Short-term evolution of current speed in cm S-', (B) esti- postlarvae were significantly more abundant 
mated bottom shear stress in N m-2, and (C) postlarval Pectinaria kor- during the flood than the ebb (Table 1). In con- 
eni densities in ind. m-3 at Stn F during the second sampling period, trast, there lvas no significant effect of the diel 

25-29 May 1992. Dotted area in C indicates densities 225 ind. m-3 
cycle on abundance of resuspended postlarvae 
(Table 1). Maximum densities (i.e. 2100 ind. 

speeds were observed within 3 to 4 h, at the end of the m-3 in 1991 and 225 ind. m-3 in 1992) were consistently 
flood and the beginning of the ebb, corresponding to observed at the end of the ebb and during the flood 
high tide slack water In contrast, there was no slack (Figs. 2 & 3). Except dunng the first 20 h of the sam- 
water at low tide. In relation to tidal current speeds, pling period in 1992, such densities were only reached 
the bottom shear stress ranged from 0.016 to 0.280 N when the bottom shear stress exceeded a threshold 
m-' in May 1991 and from 0.007 to 0.225 N m-2 in May value of about 0.1 N m-2. 
1992 (Figs. 2 & 3). Thus, maximum shear stress was Although some individuals were sampled in the 
observed at the beginning of the flood (i.e. within 1 to upper part of the water column, highest postlarval 

Table 1. Pectinaria koren~. Depth-averaged abundance (with SD in parentheses) of postlarvae (ind. m-') in relation to tide phase 
and time of day for both sampling periods. Differences in abundance were determined by the Mann-Whitney U-test at a = 0.05. 

n = number of observations 

Year Tide phase Time of day 
Flood (F) Ebb (E) Mann-CVhitney Day (D) Night (N)  Mann-Whitney 

U-test U-test 

1991 1126.8 (933.1) 121.6 (141.7) F > E 612.1 (752.9) 462.0 (858.3) D = N  
n = 53 n = 40 (p < 0.001) n =57 n = 36 (p = 0.088) 
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Fig. 4.  Pectinaria koreni. Frequency ("h) of the average 
vertical distribution of postlarvae for (A) 23-27 May 1991 and 

(B)25-29 May 1992 

densities were always observed close to the bottom 
(Fig. 4) About 45 and 30% of postlarvae were col- 
lected at 1 and 3 m above the bottom respectively. Less 
than 10% of the postlarval population was located at  
> 5  m above the sea bed. 

For both years, autocorrelation functions of depth- 
averaged postlarval abundance showed that decorre- 
lation occurred at  3 h lag, and significant correlations 
reappeared after 12 to 13 h and 25 h lags (Fig. 5). They 
confirmed the semi-diurnal tidal periodicity of post- 
larval dispersal. Cross-correlation functions between 
depth-averaged postlarval abundance and bottom 
shear stress revealed that the temporal evolution of the 
2 variables was not in phase (Fig. 6). Maximum posi- 
tive correlation occurred when the time series of bot- 
tom shear stress was lagged backward by 2 h.  This 
indicates that increases in bottom shear stress pre- 
ceded increases in postlarval abundance. Therefore, 
the maximum dispersal of Pectinarja koreni aulo- 
phores was generated 1 or 2 h after the maximum bot- 
tom shear stress, i.e. 3 to 4 h after low tide. 

While the maximum bottom shear stress during each 
tidal cycle remained constant in May 1991 or strongly 
increased in May 1992, the densities of drifting postlar- 
vae tended to decrease with time during both sampling 
periods (Figs. 2 & 3). Thus, the depth-averaged postlar- 
val densities during the flood period decreased from 
1090 to 720 ind. m-' in 1991 and from 280 to 200 ind. 
m-' in 1992. Several mechanisms independent of the 
hydrodynamic regime may be  proposed to explain this 
result: (1) the high mortality rate of marine inverte- 

I IN) -. 

Lag (hour) 

Fig. 5. Pectinaria koreni. Auto-correlation functions of depth- 
averaged postlarval densities (ind. m-') for the sampling 
periods in May 1991 and May 1992. Dashed lines indicate 

95 % confidence intervals 

brate settlers just after the metamorphosis (Bachelet 
1990), (2)  a definitive settlement of postlarvae and 
(3) an  accumulation of postlarvae downstream of the 
sampled area. 

Lag (hour) 

Lag (hour) 

Fig. 6. Pectinaria koreni. Cross-correlation functions of depth- 
averaged postlarval densities (ind. m-2) and bottom shear 
stress (N  m-2) for the sampling periods in May 1991 and May 

1992. Dashed lines indicate 95 confidence intervals 
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DISCUSSION 

Postlarval and juvenile transport of marine benthic 
invertebrates results from either passive resuspension 
coupled with physical disturbances or active dispersal 
behaviour (Giinther 1992). In Konigshafen (North Sea),  
some macrobenthic species, e .g .  the polychaete 
Phyllodoce mucosa, were collected in the water col- 
umn during stormy weather, indicative of passive ero- 
sion from the sediment (Armonies 1994). From flume 
experiments, Roegner et al. (1995) demonstrated that 
recently settled soft shell clams Mya arenaria were 
transported as bedload or suspended particles when 
the critical shear velocity for ripple formation was 
exceeded. In contrast, some factors like competitive 
interactions or search for food may also influence post- 
larval emigration. In laboratory and field experiments, 
Ahn et al. (1993) showed that the presence of the gem 
clan1 Gerr~rlla yemma increased significantly the emi- 
gration rates of newly settled hard clam Mercenaria 
rnercenaria. In the Wadden Sea, Gunther (1991) 
argued that extensive dispersal of Macoma balthica 
juveniles from the lower parts of tidal flats to the upper 
parts resulted from changes in the availability of food 
after settlement. 

In flume experiments, Lambert (1991) and Olivier et 
al. (in press) have revealed that Pectinaria koreni 
postlarvae and juveniles may react to unsuitable sub- 
stratum or high densities of conspecific adults and 
be transported downward. Juveniles secrete a long 
mucous thread, up to 25 cm, which increases the 
hydrodynamic drag on the organisms and enables 
them to leave the bottom. They are carried along the 
sediment surface for a few tens of centimetres and then 
resuspended in the water column. P. koreni juveniles 
participate actively in releasing themselves from the 
substratum before being drifted passively by currents 
for few minutes. The presence of a mucous thread 
probably reduces the sinking rate of aulophores. Thus, 
the mechanism of drifting is very similar to that of 
byssus-drifting postlarval molluscs (Sigurdsson et al. 
1976, Martel & Chia 1991). 

In the field, densities of thread-drifting Pectinaria 
koreni postlarvae reached a maximum value of 3770 
ind. m-' in 1991 and 560 ind. m-2 in 1992. The differ- 
ences from one year to another were probably due to 
differences in current velocities as well as differences 
in settler abundances. Maximum densities of benthic 
postlarvae varied in 1987 between 11 300 and 28400 
ind. m-2 amidst the mu.ddy fine sand community (Lam- 
bert 19911, and one can assume that at least a few per- 
cent of the total P, koreni postlarval population were in 
suspension at a given point during one tidal cycle. 
Thus, the transport of postlarvae in the water column 
may represent a significant dispersal mechanism for 

the postlarval population and play a major role in the 
recruitment of this species by substantially changing 
the primary settlement pattern. This process is all the 
more important because postlarvae and juveniles 
retain the ability to be transported by thread-drifting 
for a long time. While the postlarvae collected during 
this study were about 1 wk old, Olivier et al. (in press) 
observed the resuspension of -2 mo old juveniles in 
the same area in June 1992. 

Numbers of drifting Pectinaria koreni aulophores 
collected during this study varied strongly with the 
state oi the tide. In contrast to data obtained for several 
mollusc species, e.g. the floating mud snail Hydrobia 
ulvae or the cockle Cerastoderma edule (Armonies 
1992), no diurnal rhythm of migratory activity was 
observed. Maximum numbers were caught during the 
flood (i.e. 3 to 4 h after low tide), closer to the maxima 
of current speed and bottom shear stress. At low cur- 
rent speeds, numbers of aulophores decreased sharply 
as would be expected for thread-drifting organisms. 
Although byssus-drift depends on both active behav- 
iour (i.e. the secretion of a mucous thread) and water 
currents, P. koreni postlarval transport appeared to be 
mainly passive and controlled by hydrodynamical 
processes so that a bottom shear stress threshold (i.e. 
0.1 N m-2) was required to induce it. The lag of 2 h 
between the maxima of the bottom shear stress and the 
densities of drifted aulophores may be explained by a 
skew in the calculation of the friction velocity ( U - )  due 
to tidal accelerative effects and/or turbulent drag mod- 
ifications in an oscillating flow just after slack water 
(M. Belorgey pers. comm.). Palmer & Gust (1985) sug- 
gested that the von Karman-Prandtl equation to deter- 
mine U. is limited for field flows. 

According to the hydrodynamic characteristics of the 
eastern part of the Bay of Seine, the relationship be- 
tween the Pectinaria koreni postlarval resuspension 
and the tide would generate a net landward transport. 
Such a dominant role of tidal currents in postlarval 
dispersal has been seldom reported from field studies. 
In a turbulent tidal creek of the North Inlet Estuary 
(South Carolina), the abundance of resuspended bi- 
valve juven~les (mainly Tellina sp. and Mulinia sp.) 
varied significantly over a tidal cycle, with a maximum 
during flood and ebb tides and a minimum dunng 
slack water (Palmer & Gust 1985). In the Wadden Sea, 
Beukema & de Vlas (1989) reported that the dispersal 
of byssus-drifting Macoma balthica juveniles was 
highly dependent on current speeds. Their densities 
were consistently higher during ebb tides than during 
flood tides, resulting in a net seaward transport from 
the Wadden Sea to the North Sea. In the Bay of Seine, 
Olivier et al. (in press) pointed out that the dispersal of 
juveniles of some dominant macrozoobenthic species 
(i.e. the bivalves Abra alba, Cultellus pellucidus and 



Thiebaut et al.: Tidal transport of Pectinand koreni postlarvae 69 

Tellina fabula and the polychaete P. koreni) could be 
partly related to tidal currents. 

Even if the semi-diurnal tidal currents constitute the 
major component of the instantaneous circulation in 
the eastern part of the Bay of Seine, the dispersal of 
invertebrate postlarvae and juveniles could also be  
affected by other hydrodynamic processes, like those 
generated by wind conditions. Thus, wind influences 
the general circulation by changing the direction and 
the velocities of tidal currents and by creating waves 
(Armonies 1994). On 2 intertidal sandflats in Nova Sco- 
tia (Canada),  the passive bedload transport of the soft- 
shell clam Mya arenaria is mainly controlled by wind 
velocity (Emerson & Grant 1991). In the Wadden Sea, 
weather conditions alter the migratory activity of drift- 
ing juvenile molluscs (Armonies 1992). During our 
study, sampling was carried out during calm weather 
conditions (mean wind velocity of 3.7 m S-' in 1991 and 
4.1 m S-' in 1992) and no wind effect could be detected. 
Nevertheless, in the same area in June 1992, Olivier et  
al. (in press) showed that swell produced by moderate 
winds (6 to 7 m S-') could be  sufficient to increase sig- 
nificantly the bottom shear stress (>0.15 N m-2) and 
induce a permanent resuspension of Pectinaria koreni 
postlarvae, independently of the tidal cycle. The rela- 
tive effect of tide and swell should strongly affect the 
influence of postlarval dispersal on the recruitment of 
P. koreni. While the tide favours a regular and land- 
ward transport during the flood, the swell generates an  
episodic transport which sometimes strengthens or 
sometimes is opposed to the tidal effect. 

In a recent review on dispersal of intertidal macro- 
invertebrates, Gunther (1992) argued that transport of 
postlarvae and juveniles can be regarded as meso- 
scale dispersal, ranging from meters to kilometers. 
This spatial scale is related to temporal scales of hours 
to seasons (Armonies 1994). In flume experiments, 
Lambert (1991) showed that the downstream advec- 
tion distance for a single resuspension event of a 
Pectinaria koreni juvenile (ca 3 to 5 mm) varied on 
average between 25 and 40 m and occasionally 
reached 65 m at  a current velocity of 20 cm S-'. By 
simulating tidal currents in a recirculating flume, 
Roegner et  al. (1995) estimated transport distances of 
10 to 102 m for the soft-shell clam Mya arenaria by 
repeated resuspension events over a tidal period. Dur- 
ing winter (ca 3 mo), juveniles of the bivalve Macoma 
balthica were tidally transported from tidal flats of the 
Wadden Sea to subtidal areas of the North Sea over 
distances of several kilometers or even some tens of 
kilometers (Beukema & d e  Vlas 1989). In the Wadden 
Sea, a similar migration by passive tidal transport over 
distances of some kilometers was also reported during 
the autumn-winter season for the lugworm Arenicola 
marina (Beukema & d e  Vlas 1979). 

In terms of population dynamics, the net landward 
transport of drifting Pectinaria koreni aulophores gen- 
erated by tidal currents could counteract the effects of 
larval dispersal. This transport could act a s  a feed-back 
mechanism which contributes to the return of numer- 
ous individuals that had settled offshore on un- 
favourable, coarse sediment to favourable coastal sites 
and could also favour the accumulation of recruits in 
low-energy areas. In a macrotidal environment like the 
Bay of Seine, this mechanism may be one important 
process which explains the spatio-temporal stability of 
the P. koreni adult population observed between 1986 
and 1991 seaward of the Seine estuary and off 
Deauville (Thieba'ut 1994). Likewise, Beukema (1993) 
and Flach & Beukema (1994) argued that the stability 
of AI-enicola marina and Macorna balthica populations 
on tidal flats of the Wadden Sea,  in comparison with 
the other dominant macrozoobenthic species, resulted 
partly as a consequence of the juvenile migrations 
exhibited by both these species. 
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