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1 INTRODUCTION 

On the bed of the North Sea, sand waves are often 
present, which grow up to 25% of the water depth 
and migrate at a speed of tens of metres per year 
(Németh et al., 2002, Besio et al., 2004). These sand 
waves can pose a hazard to offshore constructions, 
navigation channels, pipelines and telecommunica-
tion cables. On the other hand, bed forms can protect 
the coastline against storms. 

The bottom of the North Sea is also covered by a 
great number of organisms which live in and on the 
bottom (Heip et al., 1992; Künitzer et al., 1992; Ra-
baut et al., 2007). These benthic organisms try to op-
timize their habitat, resulting in bio-
geomorphological interactions. 

Given both the strong seasonal and spatial varia-
tion of the biomass benthic organisms in temperate 
subtidal regions (Knaapen et al., 2003; Van Hoey et 
al., 2004; Baptist et al., 2006), a strong variation in 
the abiotic parameters should be expected. 

The precise interaction between the biological ac-
tivity and morphodynamics is not known at this 
moment. Such knowledge is of great interest for reli-
able long-term morphodynamic predictions, espe-
cially in marine environments with large biological 
activity. 

The aim of this paper is to explore the influence 
of biological activity on the sand wave size. Hereto, 
an idealized model (Besio et al., 2006) is used which 
was proven to fairly predict sand wave dimensions 
for both the Belgium and French Continental 
Shelves (Cherlet et al., 2007). In particular, we look 
at two different types of biological influences: desta-
bilizing and stabilizing effects on the stability of the 
bed by biota. These effects are mimicked by decreas-
ing the critical bed shear stress and by decreasing the 
ripple height used in the simulations respectively. As 
a result, a first insight can be obtained in the possible 
biological influence on the sandwave dimensions. 

The structure of the paper is as follows. Section 2 
introduces the study area. Next, in Section 3, we pre-
sent the idealized model. Section 4 discusses the 
outcomes of the model as the physical input parame-
ters are varied and compares the theoretical predic-
tions with field observations. In Section 5 the bio-
logical processes are included in the model and the 
improved agreement of the predictions with field ob-
servations is shown. Section 6 presents a discussion 
about the main findings of the paper. We end by 
drawing some conclusions in the final section. 
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ABSTRACT: Biological activity at the seabed is known to have a significant influence on bottom dynamics 
and morphology. This paper explores the influence of biological activity on sand wave dimensions by adapt-
ing the input parameters of an idealized sandwave model (Besio et al., 2006). Once the prediction capability 
of the model is analyzed by means of a comparison of the theoretical predictions with different field data in 
the Belgium Continental Shelf, the values of the physical parameters are changed (the critical bed shear stress 
is lowered because of the burrowing activity of surface deposit feeders and the ripple height is lowered be-
cause of tube building worms) and the trends of the wavelength as function of the parameters are analyzed. 
The results show that the predicted wavelengths are closer to the observed values if biological activity is in-
cluded in the model. Once the significant influence of biological activity on sandwave dimensions is shown, 
future research should focus on a better parameterization of biological activity in order to improve the reliabil-
ity of the long-term morphodynamic predictions, especially in marine environments with large biological ac-
tivities. 
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Figure 1. Seabed patterns in the Belgium Continental Shelf (B), 
located in the Southern North Sea (A). Field sites included for 
later reference (adapted from Cherlet et al., 2007). 

2 STUDY AREA 

The study area is situated in the southern part of the 
North Sea (Figure 1) and covers the Belgium Conti-
nental Shelf (2600 km2). Several sand bank systems 
are located in this shallow area, where the water 
depths are smaller than 35 m. Tides are predomi-
nantly semi-diurnal, with maximum flow velocities 
ranging between 0.50 and 0.70 m s-1. 
  

Table 1. Habitat preferences of the four macrobenthic commu-
nities at the Belgium Continental Shelf. Mean values for the 
average grain size (D50), slope (S), mud content (Mc), distance 
offshore (Doff) and water depth (H), based on 690 samples. 
       D50 [mm] S [%]  Mc [%] Doff [km] H[m] 
Macoma balthica 0.08   0.15  50   3     7 
Abra alba    0.22   0.38  10   8    13 
Nephtys cirrosa  0.28   0.50  0   22    13 
Ophelia limacine 0.42   0.55  0   40    30 

 
The soft sediment macrobenthic community 

structure on the Belgium Continental Shelf is de-
scribed by Degraer et al. (2003) and Van Hoey et al. 
(2004) and comprises four subtidal communities: (1) 
Macoma balthica (baltic telling), (2) Abra alba 
(white furrow shell), (3) Nephtys cirrosa (white 
worm) and (4) Ophelia limacina (bristle worm). Ta-
ble 1 summarizes the clear differences in habitat 
preferences for these macrobenthic communities 
(Degraer et al., in press).  

3 THEORETICAL MODEL 

As pointed out by Hulscher (1996), Gerkema (2000) 
and Besio et al. (2006), the process which leads to 
the formation of sand waves is similar to that origi-
nating sea ripples under gravity waves (Sleath, 1984; 
Blondeaux, 1990; Blondeaux, 2001). The interaction 
of the oscillatory tidal flow with bottom perturba-
tions gives rise to a steady streaming in the form of 
recirculating cells. When the net displacement of the 
sediment dragged by this steady streaming is di-
rected toward the crests of the bottom waviness, the 
amplitude of the perturbation grows and bedforms 
are generated. On the other hand, the flat bottom 
configuration turns out to be stable when the net mo-
tion of the sediment is directed toward the troughs of 
the bottom waviness. 

The theoretical investigation of sand wave ap-
pearance forced by tide propagation has been mainly 
carried out by means of linear stability analyses 
(Hulscher, 1996; Gerkema, 2000; Komarova & Hul-
scher, 2000; Besio et al., 2003; Besio et al., 2006) 
which study the initial development of arbitrary bot-
tom perturbations of small amplitude superimposed 
to the flat bottom configuration. Random initial per-
turbations contain different spatial components 
which are characterized by dimensionless wavenum-
bers αx, αy in the horizontal directions x and y and, 
in the linear approximation, evolve each independ-
ently of the other. Hence, a normal-mode analysis 
can be applied and the generic component of the per-
turbation can be considered. The time development 
of the perturbation of the sea bottom is controlled by 
the sediment balance which leads to Exner equation. 
To integrate such an equation, a predictor for the 
sediment transport rate is needed and the flow field 
must be evaluated. Different models can be used to 
solve the hydrodynamic problem, to evaluate the 

(B) 
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bottom shear stress and to quantify the sediment 
transport. However, the solution procedure invaria-
bly leads to an amplitude equation for the bottom 
perturbation in the form 

( ) ( ) ( )dA t
t A t

dt
= Γ  (1) 

where A(t) is the amplitude of the perturbation 
and the complex function Γ(t) = Γr(t)+iΓi(t) depends 
on suitable flow and sediment parameters. Since the 
forcing tidal flow is time periodic, the quantity Γ(t) 
turns out to be a periodic function and the growth of 
the bottom forms is controlled by the time average 
Γ  of Γ. A linear stability analysis suggests that the 
component of the bottom perturbation characterized 
by the largest value of the amplification rate (ampli-
fication rate = time averaged value of  Γ(t)) will pre-
vail for large times. Hence, a linear analysis predicts 
a specific wavelength, an orientation and a migration 
speed of the most unstable component of the bed 
perturbation which can be assumed to coincide with 
the appearing bedforms (for more details on the 
theoretical approach, the interested reader is referred 
to Dodd et al., 2003). 

To develop the hydro- and morpho-dynamic 
models, it is convenient to consider the dimen-
sionless problem, where the mean water depth h0

* is 
used as length scale, the maximum value U0

* of the 
depth averaged fluid velocity during the tidal cycle is 
used as velocity scale and the inverse of the angular 
frequency of the tide ω∗ is used as timescale. The 
dimensionless hydrodynamic problem is character-
ized by two main dimensionless parameters, beside 
the values of Ω=Ω∗/ω∗ (rate of earth rotation) and φ0 
(latitude), which control the velocity profile: 
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where C is a friction coefficient evaluated by 
means of standard formulas for steady currents (see 
a.o. Fredsoe & Deigaard, 1992) employing the 
roughness due to the presence of ripples. Moreover, 
the function F(ξ) (ξ = z*/h0

*) describes the vertical 
structure of the eddy viscosity and it has been chosen 
as suggested by Dean (1974). 

The time development of the bottom configura-
tion is provided by the sediment continuity equation 
along with a sediment transport predictor. The di-
mensionless parameters which characterize the mor-
phodynamic problem are the sediment porosity por, 
the dimensionless sediment size d, the mobility 
number Ψd and the Reynolds number Rp of sediment 
particles defined as follow: 
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Important parameters in the bio-
geomorphological interactions (Section 5) are the 
dimensionless bed load transport (qBx,qBy) induced 
by the tidal current (5) and the dimensionless height 
of the ripples (∆r) (6) which are both dependent on 
the Reynolds number of the sediment particles. 
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0.369202r pdR−∆ =     . (6) 

The θx and θy are the x- and y- components of the 
Shields parameter θ and θcr is its critical value below 
which no sediment moves. Of course (qBx,qBy) van-
ishes when θ is smaller than θcr.. In (6) ripple height 
is computed according to Soulsby & Whitehouse 
(2005). Moreover, following the suggestion of Van 
Rijn (1991), the roughness height zr is fixed equal to 
∆r. 

Previous studies (Hulscher & Van den Brink, 
2001; Van der Veen et al., 2006) investigated the ca-
pability of stability analyses to predict the occur-
rence of sand waves. However, the above works did 
not attempt to predict the geometrical characteristics 
of the bottom forms.  

4 FIELD OBSERVATIONS AND TRENDS 

Sand wave dimensions along the Belgium Continen-
tal Shelf were modeled by Cherlet et al. (2007) for 7 
different sites, based on site specific information on 
the water depth h0

*, flow velocity U0
* and grain size 

d* (Figure 1b). The sensitivity of the model results 
for a variation of h0

*, U0
* and d* is shown in Figure 

2a-c. The variation of the wavelength is plotted by 
varying one of the input parameters while keeping 
constant the others and equal to the values measured 
in the field. The field measurements of the wave-
length are included in the plots too.  
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Figure 2. Wave length of the sandwaves obtained by varying 
waterdepth (a), flow velocity (b) and grain size (c) for different 
sites on the Belgium Continental Shelf. Model results are de-
scribed by lines, field measurements are described by markers. 

By increasing the water depth (Figure 2a), the 
wavelength of the sand waves increases almost line-
arly. This observation is the result of a linear de-
crease in the Shields parameter for an increase of 
waterdepth (Besio et al., 2007), resulting in longer 
sandwaves.  

By increasing the flow velocity (Figure 2b), first 
the Shields parameter θ becomes larger than the 
critical Shield parameter which gives rise to sand-
waves (see for example the Wandelaar site). A fur-
ther increase of the flow velocity leads to larger val-
ues of the growth rate and the flat bottom 
configuration turns out to be more unstable. More-
over the value of αx, which characterizes the most 
unstable mode, increases thus showing that stronger 
tidal currents tend to generate shorter sand waves. 
However, the wavelength of the sandwaves shows a 
minimum. Indeed for very strong tidal currents, the 
suspended sediment starts to become relevant and to 
provide a significant stabilizing contribution to the 
phenomenon, resulting in longer sandwaves. Even-
tually, the contribution of the suspended sediment is 
so large that the flat bed turns out to be stable. 

 
Figure 3. Comparison between the predicted wavelengths (sur-
face area) and the field measurements (filled markers) [m]. The 
predicted wavelengths are obtained as function of the flow ve-
locity and waterdepth while keeping constant the grain size (0.3 
mm). Black areas indicate a stable flat bed, while  the white ar-
eas indicate when no sediment transport is induced by the tidal 
current. 

For small grain sizes (Figure 2c), the suspended 
load provides a significant contribution to the 
growth rate of the bottom perturbations. However, if 
the grain size is increased, the contribution of the 
suspended load to the growth of the bottom forms 
decreases and eventually vanishes and the net 
growth rate of the bottom perturbations is controlled 
by a balance between the destabilizing effect due to 
the bed load and the stabilizing one due to the bot-
tom slope, resulting in an almost constant wave-
length of the bottom forms. 

At four sites, the predicted sand wave dimensions 
agree well with field measurements (Figure 2). 
However, at Akkaert NE, Wandelaar and Westhin-
der sites, the predicted wavelength slightly deviates 
from the field measurements.  

Since the grain size is almost the same 
(d~0.3mm) at the different sites, it is valuable to 
compare the model results and field measurements 
by varying flow velocity and waterdepth (Figure 3), 
while keeping fixed the value of the diameter. 

Figure 3 indicates that for the three sites in which 
the measured wavelengths differ from the measure-
ments, the result do not improve by varying the wa-
terdepth or the flow velocity. 

 
Table 2. Spatial distribution of the surface deposit feeder 
Macoma balthica and the tube building Lanice conchilega for 
the different sites located on the Belgium Continental Shelf. 
      Macoma balthica   Lanice conchilega 
Kwintebank              x     
Trapegeer      x 
Thorntonbank    x 
Wandelaar      x 
Westhinder              x 
Akkaert NE     x 
Akkaert N               x 
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5 MODELING BIOLOGICAL INFLUENCES 

As shown in Table 2, different biota are present in 
the considered sites on the Belgium Continental 
Shelf (Rabaut et al, 2007; Degrear et al., in press).  

The presence of biota influences the stability of 
the bed in two opposite ways. Macoma balthica is 
well-known for its destabilising effect on the bed, 
because of its burrowing and feeding activities (e.g. 
Austen et al., 1999). In the Western Wadden Sea, 
Macoma balthica is responsible for a reduction of 
the critical bed shear stress up to a factor 0.5, result-
ing in a significant influence on the fine sediment 
distribution on the bed (Borsje et al., 2007).  

In Lanice conchilega assemblages, the velocity of 
the near-bottom flow is reduced and the normal, 
laminar near-bottom flow is deflected around and 
across the assemblages (Eckman, 1983). Flow veloc-
ity plays an important role in the formation and ge-
ometry of the ripples, as shown by O’Donoghue et 
al. (2006) who performed flume experiments in full-
scale oscillatory flows. As a result, Lanice con-
chilega influences the height of the ripples which are 
present on the top of the sand waves and are the 
main origin of the bottom roughness. 

A well accepted parameterization of the influence 
of Macoma balthica and Lanice conchilega on the 
stability of the subtidal bed is not available, therefore 
assumptions are made on the biological adjustments 
of the model parameters. The influence of biological 
activity on the critical value of the Shields parameter 
and roughness height is quantified by:  

( )d
cr cr dT Macomaθ θ=  (7) 

( )d
r r sz z E Lanice=  (8) 

where Td and Es are the (de)stabilizing biological 
factors for the critical bed shear stress for erosion 
and ripple height respectively (see equation 5 and 6). 
The superscript ‘d’ for the critical shear stress and 
ripple height represents the values without the influ-
ence of biological activity (default). The destabiliz-
ing biological factors are dependent on the density of 
Macoma balthica and Lanice conchilega.  

The biomass Macoma balthica in the subtidal 
area is almost a factor five smaller compared to the 
intertidal area (Heip et al., 1992). Therefore, follow-
ing the parameterization given by Borsje et al. 
(2007) for intertidal areas, the critical bed shear 
stress is reduced by a factor 0.65 due to the burrow-
ing activity of Macoma balthica. 

Eckman et al. (1981) found a reduction of the 
flow velocity within a cluster of tubes up to a factor 
0.5 due to the presence of tube building animals. 
Following the ripple dimensions given by 
O’Donoghue et al. (2006), this reduction will result 
in a decrease of the ripple height by a factor 0.6 due 

to the deceleration of the near-bottom flow by 
Lanice conchilega.  

By including both the stabilizing and destabiliz-
ing effects of biota in the model (Td = 0.65; Es = 0.6), 
the predicted wavelength of the sandwaves at the 
different sites changes. The relative changes due to 
both the decrease of critical bed shear stress and the 
lowering of the ripple height are shown in Figure 4a 
and 4b respectively. The absolute wavelength for the 
case in which Macoma balthica and Lanice con-
chilega are included is shown in Figure 4c and 4e re-
spectively. 

Due to the presence of Macoma balthica, the 
sediment is more prone to erosion and therefore the 
amount of sediment in suspension is larger com-
pared to the case in which no biological activity is 
included. The higher suspend sediment concentra-
tion results in a stable flat bed for large flow veloci-
ties (Figure 4c). Moreover, the area of no sediment 
transport is decreased relative to the default case, 
due to the burrowing activity of Macoma balthica. 
Finally, the minimum in the wavelength and flow 
velocity relation as found in Figure 2b, is located at a 
smaller flow velocity, while the suspended sediment 
contribution for equal flow velocities is larger for the 
simulation in which Macoma balthica is included.   

The presence of Lanice conchilega results in a 
smaller roughness height and therefore a lower eddy 
viscosity, since the eddy viscosity is assumed to be 
proportional to the time average of the local friction 
velocity and to the local depth (Besio et al., 2006). 
As a result, the local suspended sediment concentra-
tions are lower than the default case.  

The difference in wavelengths due to Lanice con-
chilega for low flow velocities (Figure 4b) is very 
small, due to the small height of the ripples and cor-
responding low suspended sediment contribution to 
the total transport in both cases. Moreover, the 
Shields parameter decreases due to the lowering of 
the roughness height, resulting in higher bed load 
transport compared to suspended load. As a conse-
quence, the wavelength for large water depths are 
much smaller, compared to the case in which no bio-
logical activity is included. 

While the biological activity influences the sedi-
ment dynamics and hydrodynamics in multiple ways, 
the change in wavelength is not easy to predict, as 
can be seen in Figure 5a and 5b, where the general 
trend shows an increase of wavelength due to the 
burrowing effect of Macoma balthica and a decrease 
of wavelength due to the reduction of the near-
bottom velocity by Lanice conchilega. For the sites 
in which the wavelength agrees well with the field 
measurements using the default model, the biologi-
cal activity predicts almost the same wavelength 
(Trappegeer and Thorntonbank) 
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Figure 4. Relative change in the modeled wavelength [m] due to the lowering of the critical bed shear stress by Macoma balthica: Td 
= 0.65 (a), and the decrease of the ripple height by Lanice conchilega: Es = 0.6 (b), based on the difference in wavelength shown in 
(c-e). Positive values indicate an increase in wavelength relative to the physical model. Markers are included based on the present 
biota (Table 2) and filled with the corresponding colors from field measurements. White areas in (a-b) indicate a transition from sta-
ble/no sediment transport to sandwaves and vice versa, or no change in sediment transport/stable flat bed. Note the difference in 
color limits for the different figures.

6 DISCUSSION 

This paper explores the influence that biota have 
on the wavelength of sand waves on the Belgium 
Continental Shelf. 

The comparisons between the predicted wave-
lengths and the measurements for both the mor-
phological approach (Cherlet et al., 2007) and the 
bio-morphological one are shown in Figure 6. 

In this exploration, we only took in account two 
species. However, the biodiversity in the study area 
is much larger. Moreover in other regions, other 

biogeomorphological interactions need to be in-
cluded. Finally, the biomass of the different species 
is not constant in time and place as already pointed 
out in the introduction. As a result, to improve the 
geomorphological predictions, more accurate pa-
rameterizations of the bio-geo-morphological in-
teractions need to be proposed for the different bi-
ota, which can be based on the formulations given 
in equation 7 and 8. 
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Figure 5. Changes of the wavelength as function of variation 
in the biological factor for the sites Akkaert NE and 
Westhinder. The biological factor (Td and Es) is defined in 
equation 7 and 8. Markers show the setting of the biological 
factor used in this study. 

 
The decrease in the predicted wavelength at the 

sites where Macoma balthica is present and the in-
crease in the predicted wavelength at the sites 
where Lanice conchilega is active are in agreement 
with the field measurements (Figure 6). 

However, the modification of the input parame-
ters is not completely known. Therefore, Figure 5 
shows the variation of the predicted wavelength for 
the Akkaert NE and Westhinder sites based on a 
variation in the biological factor Td and Ed. 

The influence of Macoma balthica on the sand-
wave dynamics is larger than that due to Lanice 
conchilega despite the large biological factor asso-
ciated to the latter macrobenthic community. 

The model used in this study is based on a linear 
stability analysis, hence the biological influence on 
the height of the sandwaves can not be predicted. 
Moreover, the biological influence on migration 
rate of sandwaves is not investigated in this study. 
Therefore, including biological activity in a non-
linear model is recommended as well as the formu-
lation of the model which takes into account the 
presence of residual current and interaction of dif-
ferent tide constituents. 

All predicted wavelengths obtained including 
biological activity show an improved agreement 
with field measurements except for the Akkaert N 
site. At this site, the physical parameters are almost 
the same as for the Westhinder site (Figure 3), sug-
gesting that the wavelength is not only dependent 
on physical processes. By including biological ac-
tivity in the model, the Westhinder prediction im-
proves, while the Akkaert N prediction is better in 
the physical model. This observation suggests that 
at the Akkaert N site the biomass Lanice con-
chilega is smaller compared to the Westhinder site. 

 
Figure 6. Comparison between the predicted and measured 
wavelength of the sandwaves at the different sites for both the 
morphological model (Cherlet et al., 2007) and the bio-
morphological model. Markers at the bottom of the plot cor-
respond to the markers used in Figure 4. 

7 CONCLUSIONS 

This study demonstrates the influence of biological 
activity on the length of sandwaves. Moreover, it 
shows that the inclusion of biological activity in an 
idealized model leads to a better agreement be-
tween the modeled sandwave length and the field 
measurements. 

Biological activity is shown to have different ef-
fects on sandwave dimension. In general, the bur-
rowing activity by Macoma balthica results in an 
increase of the predicted wavelength, while the 
tube building Lanice conchilega reduces the pre-
dicted wavelength of sandwaves, since it reduces 
the ripple height on top of the large scale bottom 
forms. However, opposite influence on sandwave 
length changes is also possible due to diverse in-
fluence on both the sediment dynamics and hydro-
dynamics by the biota. 

The results show the importance of incorporat-
ing biological activity in morphodynamic models 
to help to formulate recommendations for the man-
agement and conservation of shallow tidal seas 
characterized by large biological activities.  
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