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INTRODUCTION

Benthic bivalve organisms are important eco-engineers
for coastal ecosystems. They create habitats for many
other species, attenuate waves and currents, enhance the
water quality through filter-feeding, and stabilize seabed
sediments. In shallow marine environments, they form bio-
encrusted surfaces with large horizontal expanses. In the
German Wadden Sea, these bio-encrusted surfaces
account for roughly 6% of the tidal basins. A common
feature of bio-encrusted surfaces by different species is
the formation of a complex three-dimensional (3D) relief
and increased hydraulic roughness compared to the
surrounding sea floor. The potential for dissipating wave
energy due to bed friction has been recognized in several
studies (e.g., Donker et al. 2013; Manis et al. 2015) and
applied as a nature-based solution (NbS) for coastal
protection, e.g., on the East Coast of the USA (Morris et
al. 2021). However, systematic studies on wave-biota
interactions are still missing, which are needed to derive
comprehensive recommendations for their use as NbS in
costal protection.

MATERIAL AND METHODS

To quantify the wave-induced hydraulic roughness effects
caused by bio-encrusted surfaces, an experimental study
has been carried out in which surrogate models were
subjected to waves. The surrogate models represent
Pacific oyster reefs (Magallana gigas) and blue mussel
beds (Mytilus edulis), the two most significant bio-
encrusted surfaces in the German Wadden Sea. M. edulis
beds are characterized by low-relief loose agglomerations
of individuals, while M. gigas reefs are rigid, highly 3D, and
consist of densely packed, sharp-edged individuals. For
both species, parameterized surrogate models have been
developed based on in-situ topographical roughness
measurements (Hitzegrad et al. 2022) and 3D-printed at
a scale of 1:3 using additive manufacturing with selective
cement activation (Fig. 1; Lowke et al. 2018).

Figure 1 - Surrogate model tiles (0.50 x 0.25 m) of a Pacific
oyster reef (left) and a blue mussel bed (right).

The surrogate models (total length of x=16 m) were
subjected to regular and irregular waves with varying water
depths d=0.4 - 0.8 m, wave periods 7=1.0- 3.0 s, and
wave heights #=0.05- 0.20 m, based on realistic sea
state conditions in the German Wadden Sea.

RESULTS

The results show distinct wave height reductions for both
bio-encrusted surface models (Fig. 2). The M. gigas reef
model induced wave height reductions of
Hs,oyster/Hs,ref = 8 £ 5%, compared to a smooth reference
surface. The mussel bed model caused lower wave height
reductions of  Hsmusse/Hsrer =3 £ 3%. Hence, the
complexity of the bio-encrusted surfaces, defined by the
predominant species, is decisive for the wave attenuation.
Furthermore, explicit dependencies of the wave height
reduction on the water depth dand the wave period 7have
been determined.
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Figure 2 - Normalized wave heights HyH; i over the length
of the surrogate models x normalized by the wave length L.

Transformation processes of the shape of the regular
waves and shifts in the wave energy density spectra of the
irregular waves have been analyzed. In addition, wave
friction factors f», bed shear stresses 75, and hydraulic
roughness lengths s have been determined.

Thus, for the first time, this work covers wave attenuation
effects for two distinct bio-encrusted surfaces over a wide
range of hydraulic boundary conditions, typically found in
estuarine contexts. It provides a systematic investigation
of the wave-biota interactions and contributes to a better
understanding of the ecohydraulic processes, which are
the basis for the application as an NbS in coastal
protection.
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