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An experimental study was conducted to assess the physical and biological impacts of muddy fine sand dredged
material dumped on amedium sand site Machu offshore the Seine Estuary. Complementary trophic webmodel-
ling tools were applied to the Machu ecosystem to analyse the effects of dumping operations. Results show that,
after the dumping operations, the biomass of fish increased while invertebrate biomass remained relatively sta-
ble through time. Nevertheless, the biomasses of benthic invertebrates, omnivores/scavengers and predators
showed some increases, while non-selective deposit feeders and filter feeders decreased. At the ecosystem
level, results show that the total ecosystem activity, the ascendency and the overall omnivorous character of
the food-web structure increased after dumping operations, whereas recycling subsequently decreased. Finally,
the fine andmedium sand habitat offshore from the Seine estuary,which undergoes regular natural physical per-
turbations, shows a high resilience after a short dumping phase.
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1. Introduction

To enable their economic development, harbours are required to
maintain their maritime access conditions. The need for dredging has
resulted from increasedmarine transportation requirements and vessel
size, and modifications in the sedimentation patterns of estuaries and
rivers due to harbour and industrial developments as well as urbaniza-
tion (Messieh et al., 1991; Marmin et al., 2014). As a consequence, nav-
igation channels are regularly dredged to ensure sufficient depth for a
large variety of vessels including the largest container ships. According
to their low chemical hazard for the environment, dredged materials
have been mainly disposed of on sea often outside marine protected
areas, by overflowing during dredging, dumping in authorized zones
or brought ashore for storage or treatment (Marmin et al., 2014). Depo-
sition on land remains an alternative which is obligatory for contami-
nated sediment but which requires large storage spaces not used by
other human activities. In the case of ‘clean’ sand sediment (i.e. without
high % of mud), the dredged material can be used for the creation of ar-
tificial wetland areas or beach nourishment. However, nowadays, for
economic reasons, most dredged material is disposed of in coastal
zones in open water (Marmin et al., 2014).

The Seine estuary is one of the main estuaries on the northwest Eu-
ropean continental shelf and is economically important for France, due

to the presence of two maritime harbours: Grand Port Maritime du
Havre (GPMH) at the entrance of the estuary and the upstream Grand
Port Maritime de Rouen (GPMR). The watershed of the Seine covers
an area of ~79,000 km2with a population of ~16million inhabitants, ac-
counting for ~50% of the river traffic in France, ~40% of the country's
economic activity and ~30% of its agricultural activities (Dauvin,
2006). The GPMR, which is the most important French inland harbour,
is located in the freshwater part of the Seine estuary at ~120 km from
the sea. Its access is ensured by regular maintenance and permanent
dredging of the navigation channel, mainly in the lower part of the
Seine estuary between the Normandy Bridge and the open sea. Each
year, the GPMR dredges between 4 and 4.5 million m3 of sediment,
which is dumped on the disposal site called Kannik commissioned in
1977 in the Northern Channel of the Seine estuary (Marmin et al.,
2014, 2016) (Fig. 1). Moreover, the GPMH dredges between 2 and
2.5millionm3 of sediment each year in the harbour basins and deposits
this material in an offshore deposit zone named Octeville (Fig. 1)
(Marmin et al., 2014).

The dumping of dredgedmaterial represents one of themost impor-
tant problems in coastal zonemanagement and leads to a major distur-
bance of the environment (Marmin et al., 2014). The type and severity
of the impact of dumping of dredged material on benthic macrofauna
depend on many factors: 1) the physico-chemical characteristics and
the volume of sediment deposited; 2) the physical conditions of the de-
positional environment: water depth, sediment and hydrodynamic re-
gime; 3) the season and the similarity between sediment of the
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dredging area and in the dumping area; 4) the contamination of
dredgedmaterials; 5) themethods of dumping; 6) the adaptation of or-
ganisms to the local sedimentary regime and 7) the structure and com-
position of the benthic community in the dumping area and
neighbouring sites (Marmin, 2013). Furthermore, numerous studies
have been conducted to investigate the effects of dumping on benthic
macrofauna (for example see Van Dolah et al., 1984; Harvey et al.,
1998; Roberts et al., 1998; Smith and Rule, 2001; Witt et al., 2004). In
many cases, these studies focused on the structure of benthic inverte-
brate communities to assess the impacts and/or recovery from this ac-
tivity, i.e. the resistance and resilience of benthic habitats to the stress
due to the sediment deposit. Few studies dealt with the assessment of
functional changes of such benthic habitats (Wilber et al., 2007; Bolam
et al., 2011; Bolam, 2012; Bolam et al., 2016). In addition, dumping op-
erations can generate negative impacts on fish eggs and larvae: i.e.
Messieh et al. (1991) showed that sediment deposited on herring
spawn increase egg mortality. Changes in species composition can be
observed, and this has an impact on the food-web structure and func-
tioning (Messieh et al., 1991).

Under European Union pressure, the French administration and
non-governmental environmental protection organizations require
that maritime harbours take account of the Integrated Coastal Zone
Management (ICZM) of the Seine estuary in the context of their

economic development project (Marmin et al., 2014). Among the re-
quests, the Scientific Committee of the Seine Estuary (SCSE), which
was created in 2008 to help the French State and port authorities to pro-
mote the sustainable development of the Seine estuary, has asked the
GPMR to find a new sediment dumping area outside the Seine estuary.

The SCSE studies led to validation of the Machu site, composed of
fine to medium sand located in the eastern part of the Bay of Seine
(Marmin, 2013; Marmin et al., 2014, 2016) (Fig. 1). In 2012–2013, ex-
perimental dumping operations were carried out to better understand
the impacts of the deposition of sediments from the navigation channel
onto themorphosedimentary seabed and benthic habitats of theMachu
site using a Before-After-Control Impact approach (Marmin, 2013;
Marmin et al., 2014, 2016).

In this study, we develop a holistic view of the impact of dumping
operations on ecosystem functioning through the use of trophic web
modelling tools. Trophic models describe the interaction between bio-
logical compartments at different trophic levels and are based on the
quantification of energy flow and matter in ecosystems. These models
makeuse of numericalmethods to characterize the emergent properties
of ecosystems, by application of Ecological Network Analysis (ENA)
(Ulanowicz, 1986). This type of joint analysis has been frequently ap-
plied to coastal and marine systems to assess changes in their function-
ing in response to environmental perturbations (Ortiz andWolff, 2002;

Fig. 1. Location of the existing Octeville and Kannik as well as the future Machu dumping sites in the eastern part of the Bay of Seine, with outlines of the Natura 2000 site and marine
harbour waiting areas.
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