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SUMMARY

It has now been widely accepted that human activities have a negative impact on
marine ecosystems. Anthropogenic influences can be direct (i.e. through expoitation,
pollution, and habitat destruction) or indirect (i.e. climate change). Overall, this results
in declining biodiversity and impoverished ecosystem functioning, leading to a loss of
ecosystem services provided by marine and coastal ecosystems. In the coastal zone,
these human impacts triggered biodiversity loss, which resulted in negative impacts
on important ecosystem services including food provision (fisheries), provision of
nursery habitats, connectivity between habitats and filtering and detoxification
services.

To protect the marine environment from further deterioration and initiate recovery

where needed, the European Union implemented legislation that should lead to
protection and management of important areas under the umbrella of the Natura

2000 network and aims to guarantee a good ecological status under the Water
Framework Directive or Marine Strategy Framework Directive. Especially the Marine
Strategy Framework directive advocates the implementation of the Ecosystem
Approach to Management (EAM), which in turn should be
understanding for assessing good environmental status in a coherent and holistic
mannero(2010/477/EV).

Within the framework of the Belspo programme Science for a Sustainable
Development, the WestBanks project took a holistic view on the coastal marine
ecosystem, by focusing on the interactions between the benthic, pelagic and airborne
realm at the species and population level. WestBanks built on the knowledge
gathered on the structural, functional and genetic diversity and the understanding of
the functioning of the coastal ecosystem of the Belgian Part of the North Sea
(BPNS). The general objective of the WestBanks project was to increase the
understanding of the dynamic link between the benthic, pelagic and air-borne
ecosystem. Specific objectives included (1) studying the structuring role of key
benthic organisms on the functioning of the benthic system and its impact on the
benthic-pelagic coupling; (2) studying the structural and functional links between
small-scale dispersal of key species and ecosystem units and (3) studying top
predators (fish and birds) feeding at interfaces (benthic-pelagic and pelagic-air). This
strategy ensures acquiring scientific knowledge that is of immediate use to support
Belgium in implementing the European directives.

In a first work package, the link between the benthic and pelagic ecosystem was
investigated. Through field measurements, experiments and modeling approaches,
we investigated (1) benthic mineralisation processes of pelagically produced organic
matter and (2) the effect of important macrofaunal organisms (i.e. ecosystem
engineers) on benthic ecosystem functioning (including mineralisation processes and
the dynamics of the lower food web).

Our results indicated that in the Westdiep area (western part of the Belgian Part of
the North Sea), about 1% of the pelagically produced carbon is lost to the sediment
every day, resulting in an annual carbon deposition of 72.9 + 6.2 gm?d™.
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Mineralisation of this organic matter is uncoupled from sedimentation: while two
thirds of the modeled sedimentation occurs between late February and early June,
only 25% of the annual benthic respiration and hence nutrient release occurs during
this period. Mineralisation is retarded to late summer when high water temperatures
prevail. This has important consequences, as the main nutrient release to the water
column occurs when the pelagic system has moved back to its light-limited state
when no further bloom events can be initiated. On the one hand, this reduces
eutrophication-related problems; on the other hand it enables the development of rich
benthic communities in the western part of the Belgian Part of the North Sea (BPNS).

These rich benthic communities do play an important role in the mineralisation
processes as well. Our results clearly illustrate that bio-irrigation stimulates benthic
respiration, nutrient release and denitrification (a key process counteracting
eutrophication) while bioturbation activities withdraw organic matter from fast
mineralisation through burial to deeper sediment layers. All of these processes are
related to animal densities, and therefore a decrease in densities can possibly have
implications for ecosystem functioning.

Macrofaunal ecosystem engineers did show temporal variations in their diet,
depending on the timing relative to the phytoplankton bloom, and show assimilation
of Phaeocystis derived material. In addition, our results show that both bioturbation
and bio-irrigation were very important processes for the structure and dynamics of
the lower benthic food web through the process of niche establishment.

Apart from being important for ecosystem functioning and the lower food web, we
showed that ecosystem engineers are also of prime importance for the higher food
web. Aggregations (i.e. reefs) of the bio-irrigating tubeworms Lanice conchilega
create new habitats, thereby increasing macrofaunal diversity in general and
providing food and shelter for juvenile flatfish species. However, physical disturbance
(i.e. by beach trawling) of Lanice reefs results in decrease of the integrity of the reefs
and may even lead to their collapse under high frequency physical disturbance.
Research conducted along these lines resulted in for further policy-oriented research
as the discussion of the classification of Lanice conchilega as a reef-building
organism in a Habitat Directive context was ongoing during WestBanks.

Dispersal of juvenile fish was investigated by means of a combination of empirical
and modeling studies. This combination is new for the area of the Southern Bight of
the North Sea, and generates knowledge that contributes significantly to the
understanding of connectivity on a North Sea scale. Models make it possible to take
a dynamic approach and generate hypotheses on the short term, which can be
validated by the field study. In addition, the field-based research allows for a multi-
generational perspective (versus short time scale hypotheses from models).

The field based research suggested a limited dispersal of sole in the Southern Bight
of the North Sea throughout its life time. However, this does not exclude the
existence of links between spawning grounds. The modeling of larval sole dispersal
over many years showed that some spawning grounds may be net exporters of
larvae and some nursery grounds are net importers from spawning grounds further
away.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 6
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The modeled variable exchange of larvae between nursery grounds (reflecting
variation in dispersal, final larval abundance, larval origin and connectivity) is related
to patterns and intensities of egg production, which is turn a yearly varying feature.
The apparent lack of field results validating the modeling results can be caused by
the ability of the markers to track dispersal and connectivity at a North Sea scale. Our
results further suggest that more advanced markers, characterizing selective
pressure, will be able to differentiate populations at a fine scale.

We showed that the Belgian sole nursery is one of the few areas in the North Sea
where sole larvae are found during all years. Based on the modeled realized
dispersal of sole larvae, this highlights the importance of the BPNS for the
recruitment of sole. Hence, it is clear that detoriaration of the habitats at the BPNS
will have a negative influence on the sole populations on a North Sea scale.

Coupling the air-borne and pelagic ecosystem was achieved by investigating the
feeding ecology of marine top predators (Sandwich and Common Tern) in an MPA
context. Therefore, both the distribution of tern prey (i.e. pelagic fish) and foraging
terns was investigated in a field study. We showed that the diet of breeding Common
and Sandwich tern reflected the abundances of Clupeidae, Gobidae and Gadidae in
the pelagic realm. Our results further indicate that the Wenduinebank should be
recognized as an important area for seabirds. This sandbank holds high densities of
prey fish during the breeding season and terns frequently used this area and its
surroundings for foraging.

Since terns are highly specialized single-prey loaders feeding in the vicinity of their
breeding colony in the upper water layers on a limited range of prey items, they serve
as very good candidates as health indicators for the pelagic ecosystem. Within
WestBanks, it was evaluated which tern-related parameter can be used for this
purpose. The indicator must be relatively easy to measure and must reflect an
explicit link between the pelagic ecosystem and the reproductive abilities of the terns
in the breeding colonies. We found a significant correlative link between the
proportion of clupeids in the faeces of adult Sandwich Tern and chick survival, while
there was no relation between the adult diet and food presented to chicks. This
suggests that a high availability of clupeids results in a good breeding success by
directly influencing the parental condition or the composition of the breeding

popul ation (i . e. rel ati vel yngboddupedryearslu mb e r

Further research showed that the composition of faecal samples of Sandwich Tern
relates to the reproductive output of Common Terns. Investigating the parameters for
reproductive success on a larger scale in the major breeding colonies of the
Northwest European population of Common Tern, we showed that variation in
reproductive output is largely determined by chick survival (and not by clutch size
and hatching success). This suggests that chick survival can be used as a health
indicator for the presence of food in the pelagic ecosystem, if non-intrinsic effects (i.e.
adverse weather conditions, flooding events and excessive predation) are ruled out
by monitoring research.

The WestBanks projects resulted in four

the writing phase. Now, 30 papers were published in the international peer reviewed
literature and some more are under review or in preparation.
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Apart from the scientific output, results obtained during WestBanks were used for
policy advice in the framework of formal projects financed by Federal Public Service
(FPS) Health, Food Chain Safety, and Environment - Belgian Marine Policy
administration, or on an ad-hoc basis in Belgium and The Netherlands. In addition,
the WestBanks projects resulted in the development of experimental and molecular
techniques and modeling expertise that was not available in Belgian marine sciences
as yet.

While some of the WestBanks results and expertise were of use in tackling direct
policy related questions, not all of our results were translated into recommendations
that can be used in an Ecosystem Approach to Management. Therefore, our
recommendations and supporting results are summarised below:

(1) We recommend using important ecosystem engineers as conservation
targets to come to a sustainable management of the North Sea.

e Coastal benthic ecosystems have an important buffer capacity against
eutrophication processes.

e Eutrophication and physical disturbance by e.g. beam-trawl fisheries are
interlinkend through the biology and ecology of bottom dwelling
organisms in general, and the presence of strong ecosystem engineers
in particular.

e Ecosystem engineers have an important bottom up and top down effect
on the marine ecosystem.

e Physical disturbance leading to decreasing densities of ecosystem
engineers implies an important decline of the eutrophication-
counteracting benthic processes in shallow coastal seas.

(2) We recommend the installation of sufficiently large protected areas to
ensure the viability of sole populations.

e The Belgian Part of the North Sea is one of the few areas in the North
Sea where sole larvae are found all years

e Sole populations are connected on evolutionary and life-cycle time
scales

(3) We recommend the extension of the Bird Directive Area V3 for the
protection of the breeding colonies of terns in Zeebrugge

e Zeebrugge holds one of the largest tern colonies of Europe

e Reproductive success depends on the presence of sufficient amounts of
herring in the vicinity of the breeding colonies

e Areas including the Wenduinebank, the Scheur and the southern border
of the Vlakte van de Raan are major foraging areas for terns due to the
presence of a rich fish fauna and are not protected under the framework
of Natura 2000.

KEYWORDS: benthic ecosystem functioning, ecosytem engineers, connectivity of
fish populations, feeding ecology of terns
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1. INTRODUCTION

It has been widely accepted that coastal seas are important ecosystems for humans,
as they provide important goods (e.g. food, biomedical molecules and mineral
resources) and services (e.g. climate regulation, storm protection and nutrient
cycling) for society. Apart from these so-called production and regulation services,
coastal systems provide opportunities for trade, recreation, tourism, research and
education and have a considerable cultural, aesthetic and spiritual value (Lesly &
McLeod 2007, Beaumont et al. 2007). However, the Millennium Ecosystem
Assessment (MA 2005) clearly indicated that many ecosystem services provided by
coastal and marine ecosystems are declining. Man-made direct (exploitation,
pollution and habitat destruction) and indirect (climate change and related
perturbations of ocean biogeochemistry) impacts caused measurable changes in
marine biodiversity. In the coastal zone, these biodiversity losses impaired at least
four critical ecosystem services: (1) fisheries; (2) provision of nursery habitats and (3)
connectivity between habitats and (4) filtering and detoxification services (Worm et al.
2006).The negative impact on the latter service probably resulted in declining water
quality increasing occurrences of harmful bloom and oxygen depletion (Dame et al.
2002).

The awareness that marine ecosystems need urgent protection was emerging at the
UN Convention of Biological Diversity in 1992, where it was advocated that a system
of Marine Protected Areas (MPASs) should be developed and effectively managed by
2010. At the European level, the EU Biological Diversity Plan (European
Commission, 2006) stated that necessary conservation and management measures
should be taken by 2012. The legal basis obliging the member states of the
European Community to take protection measurements are the European Bird
Directive (79/409/EEC) and the Habitat Directive (92/43/EEC), which will result in the
designation of MPAs as part of the Natura 2000 network. The Bird Directive will result
in the delineation of Special Protection Areas (SPAs), while Special Areas of
Conservation will be implemented in response to the Habitat Directive.

While the designation of MPAs may lead to protective measures for limited areas,
there is also a growing concern of the marine ecosystem in general. Objectives for a
healthy ecosystem are formulated in the Water Framework Directive (WFD,
2006/60/EC) and the Marine Strategy Framework Directive (MSFD, 2008/56/EC).
The WFD holds for lakes, rivers, transitional and coastal waters, while the MSFD is
limited to marine waters. The ecological concept underlying both directives is
relatively simple and consists of comparing the current state of an area with the
expected state under minimal or sustainable human use, and in case of detoriaration,
intervening to bring it back to the desired good status (Van Hoey et al. 2010). The
WFD aims at achieving Good Ecological Status (GES), which is evaluated by the
integration of well-defined quality criteria per quality element. For biological quality of
coastal sediments, the biological quality element consists of attributes of macrofaunal
communities. The MSFD aims at achieving Good Environmental Status (GeNS) by
2020. GeNS take into account the structure, functioning and processes of the marine
environment together with natural physiographic, geographic and climatic factors, as
well as physical and chemical conditions including those resulting from human
activities.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 9



Project SD/BN/01 Understanding benthic, pelagic andairborne ecosystem interactions in shallow coastal seas
OVDRSA@MJIRE

As such, the step from WFD to MSFD implies a better incorporation of an Ecosystem
Approach to Management (EAM), as it requires a step forward from the structural
community level to a functional ecosystem assessment (Van Hoey et al. 2010).

It is obvious that the designation and management of MPAs, and the implementation
of EAM in the marine environment should be based on sound scientific knowledge. In
the position paper on the EAM of the Marine Board of the European Science
Foundation, Rice et al. (2010) clearly stated that productivity and the transfer and
recycling of carbon and nutrients between the water column and the seabed is
among the most pervasive processes acting on the diversity, structure and function
of marine ecosystems and research on this topic is pivotal for the implementation of
the EAM. On the other hand, knowledge on population genetics and demographic
connectivity is urgently required to set up a successful network of MPAs (Palumbi
2003). Assessing the current status, and documenting the achievement of GEnS
should be based on monitoring (Rice et al. 2010). The latest UN Convention on
Biological Diversity (Nagoya, 2010) noted the slow progress in the establishment of
MPAs (current 1%). and confirmed the need for protection of 10% of the ocean by
2012.

Therefore, research conducted within WestBank took a holistic view on the coastal
marine ecosystem, by focusing on the interactions between the benthic, pelagic and
airborne realm (Figure 1) at species and population level.

\ SEABIRDS
A\ 1Y/ 7\...
) A

@~ @

MOLECULAR

Phytoplankton TOOLS

b

@) )

e’

Organic matter

MEIOFAUNA Y BENTHOS

Figure 1. Research scheme of the WestBanks project

We wanted to obtain important knowledge on contemporary burning issues on the
biodiversity-ecosystem functioning link, molecular and physical connectivity of fish
populations, and developments of indicators for the health of the marine ecosystem
by a combination of field observations, experiments and modeling efforts. This paves
the road for elaborate, mechanistic models increasing the capacity for accurate
predictions.
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The interaction between the water column and the sediment was investigated by
(1) studying the effect of the functional diversity of macrofaunal bio-engineers on the
mineralisation of organic matter from the water column and the smaller components
of the benthic food web (i.e.nematodes): (2) describing how pelagic primary
production (including the harmful algae Phaeocystis) cascaded in animal biomass
and (3) assessing the importance of reef-building polychaetes (Lanice conchilega) for
the other macrofauna and fish and (4) evaluating the effects of man-made
disturbance on ecosystem functioning and structure.

Connectivity between populations of flatfish was investigated to understand short-

and long-term dispersal. It was done by a combining original data from molecular
approaches, otolith microchemical analyses and modeling. Otolith microchemistry

reveals information about dispersal at the ecological time-scale (within the life cycle

of an individual fish i 6 snapshot ¢ whilenneotedularwiork 1s deeded to

provide information on connectivity at t h e evolutionary-termi me S (
c 0 n n e ct Modeling ytite) dispersal of sole larvae reveals the link between

spawning locations and nursery grounds and provides information on the effect of

external factors (temperature, hydrodynamics, food availability and predation) on this

dispersal.

While the WFD resulted in the development of suitable biological indices to document
the biological status of the seafloor (e.g. Grémare et al. 2009), this has not been
realised for the pelagic environment so far. Within WestBanks, health indicators
were developed to evaluate the functional link between the pelagic realm and top-
predators by investigating the dietary preferences of key species and the ecology of
forage fish in order to link changes in prey fish communities to fitness effects of top-
predators.

By conducting the research as outlined above, the WestBanks objectives were set to
tackle fundamental research questions in order to provide data, models and expertise
that are of great value for a management level aiming at sustainable use of the
Belgian Part of the North Sea.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 11
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2. METHODOLOGY AND RESULTS

2.1 Benthic-pelagic coupling: effects of macrofauna on benthic ecosystem
functioning

As the benthic ecosystem is fuelled by sedimentation of pelagically produced organic
matter, it is of high importance to understand fluxes across the sediment-water
interface, and the fate of the organic matter in the benthic ecosystem. With
WestBanks, these fluxes were quantified and the role of the macrofauna in
structuring both processes and benthic communities was investigated (Task 1.1 and
1.2)

2.1.1 Material and Methods

The coupling between the benthic and pelagic compartments at station 115bis
(51°09.10' N 02°37.10" E) in the Western Coastal Banks area was studied by
analyzing a time series of benthic oxygen consumption measurements, and
chlorophyll-a concentrations both in the water column and in the sediment.

The station was sampled on a monthly basis during one year. Sediment was
collected with a 180 cm? Reineck box corer. Three subcores with a diameter of 36
mm were taken immediately after recovery of the samples, and sliced at 1 cm
intervals for pigment analysis. 78.54 cm?® subcores were taken for oxygen
consumption measurements. Sediment slices were freeze-dried. After determination
of the dry weight, aceton was added to extract the pigments and the fluid was filtered
on a 0.2 um nylon filter. Water samples were collected with a Niskin sampler on the
CTD wire, approximately one meter above the bottom.

Phytopigment concentrations in the sediment and water column samples were
determined using a Gilson high-performance liquid chromatography (HPLC) system,
equipped with a Spherisorb C18 column, an Applied Biosystems 785A
Programmable Variable Wavelength Detector, a Hewlett-Packard Diode Array
Spectrophotometer and a Gilson 121 Fluorometer. HPLC solvents and gradients
applied were slight modifications of the method of Jeffrey et al. (2003). Analysis of
the chromatograms was performed with the UniPoint HPLC software package. Total
sediment chlorophyll concentrations were determined by integrating the
concentrations over the first ten centimeters. In case no values were available for
some of the deeper layers, the lowest value encountered in that core was used
instead.

Sediment community oxygen consumption (SCOC) measurements were performed
in two 78.54 cm? cylindrical cores with a magnetic type of stirring in order to
homogenize the water in the cores. The concentration of oxygen was monitored by
means of an electrode which was subsequently calibrated in oxygen-saturated and
oxygen-depleted water. Oxygen consumption rates were calculated as the slope of
the regression of oxygen concentration versus time, and corrected for sediment
surface area. For this regression, only the initial linear part of the time-series was
used.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 13
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The assimilation of OM by macrobenthos was investigated by means of an
experimental field monitoring from February to September 2008 at a sandy coastal

station in front of Oostende (51A19.276N,

The importance of benthic and pelagic food sources for macrobenthos was
investigated by means of fatty acid (FA) biomarker analysis. We sampled the pelagic
food sources by means of a Niskin bottle and filtered the water samples on pre-
combusted GF/F-filters. The benthic food sources were sampled by means of 8 ml (4
cm depth) subsamples of a Reineck Box Corer. Macrobenthos was sampled using a
Van Veen grab and brought back alive to the lab. Macrobenthic organisms were
immediately dissected to remove the gut and its content. Remaining tissue was
blended and this slurry was stored frozen until FA extraction. The FA from the polar
and neutral lipid (PL and NL) fractions were extracted from the macrobenthic slurries,
water and sediment using the modified Bligh and Dyer method (Boschker et al. 1999).
The resulting FAMES (Fatty Acid Methyl Esters) were analyzed by means of a GC-c-
IRMS at the NIOO-CEME using a small injection jet. The extraction method for FA is
new expertise for the Marine Biology section, gained from the collaboration with
NIOO-CEME within the Westbanks consortium.

In a next step, we investigated how macrofaunal functional diversity and densities
influences (1) ecosystem functioning (i.e mineralisation) and (2) the structure (vertical
distribution, density and diversity) and food web dynamics of the dominant members of
the smaller benthic fauna: the nematodes.

The importance of different functional traits of macrofauna and corresponding densities
for benthic processes of the Southern Bight of the North Sea was investigated by 2
laboratory experiments: before (winter, temperature = 10°C) and after (summer,
temperature = 18°C) sedimentation of the spring phytoplankton bloom. Single
species treatments of key species (Abra alba, Lanice conchilega and Nephtys sp.)
with different functional traits were added to microcosms at 3 density levels (natural,
lower, lowest) to account for possible density declines. Sedimenti water exchanges
of oxygen and nutrients, denitrification and bioturbation were measured and
nitrification and total N mineralisation were modeled using a mass balance approach.
More details about sampling are given in Braeckman et al. (2010). These incubation
experiments and modeling techniques are new expertise for UGent i MarBiol,
gained from the collaboration with NIOO-CEME within the Westbanks
consortium.

In the next two series of experiments, the role of macrobenthic identity in nematode
biodiversity, vertical distribution and food assimilation was assessed. To this aim, fine
sandy sediment of coastal stations was collected by means of a Reineck Boxcorer.
This sampling gear was chosen to maintain the original vertical distribution of
nematodes. Macrofauna was removed from the different sediment sections and
microcosmoi were reconstructed in their original vertical stratification. In the first
experiment, the three macrofaunal key species (A. alba, N. hombergii and L.
conchilega) were introduced to these microcosmoi in single species treatments
according to their natural densities. We investigated how the biogeochemical
environment typically created by the different macrobenthic species and the direct
interactions (disturbance, competition and predation) would affect the vertical
distribution of the nematodes.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 14
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In the second experiment, we tried to unravel the nematode dynamics after a
simulated phytodetritus pulse under contrasting structuring factors. We repeated the
previous set-up, but contrasted the macrobenthic effect of A. alba (bioturbator) and L.
conchilega (bio-irrigator, both referred to as biological mixing) with a physical mixing
effect. In addition, we added a labeled food source (**C labeled non-axenic diatoms
(Skeletonema costatum, a diatom naturally occurring during spring and autumn
phytoplankton blooms (Rousseau et al. 2002). The i p hy smixingdl tr eat ment
consisted of defaunated controls of which we thoroughly mixed the upper 2 cm of the
sediment on a two-day basis, in order to simulate naturally occurring physical
disturbance by wave action or storm events. Our treatments in this experiment
consisted of: food addition to (1) A. alba, (2) L. conchilega, (3) physical disturbance
and a (4) control. Two additional controls without food served respectively as a
reconstruction control (5) (sliced before algae addition) and a food addition control
(6). Oxygen penetration depth was measured at the end of the experiment (both
experiments 1 and 2) and Sediment Community Oxygen Consumption (SCOC) was
measured 3 days and 10 days after algae addition (experiment 2 only). After two
weeks, the sediment from the microcosmoi was sliced in vertical sections and
subsamples for grain size, pigments and nematode community analysis, stable
isotopes of different compartments (sediment, nematodes, macrobenthos; only in
experiment 2) were taken from homogenized sediment sections. Details on sampling
and data analysis can be found in Braeckman et al. (in press). At the end of the
experiment (i.e. after 14 d) on the role of macrofaunal identity in structuring
nematode biodiversity and vertical distribution, the control treatment without
macrobenthos was found to be detrimental to nematode density and diversity, which
points to the importance of macrobenthic engineering to sustain the smaller
components of the food web.

2.1.2 Results

Sedimentation and mineralisation of primary production
From January to mid-March, water temperatures were around 5°C. From April on,
temperatures gradually increased until they reached 20°C from late July until late
September. Between October and December, temperatures decreased again to 5°C
(Fig. 2b).

Chlorogahyll-a concentrations (Fig. 2a) in the water column varied between 2 and 45
mg m™. From mid-September through early February, concentrations remained fairly
constant and below 6 mg m™. From late February on the chlorophyll-a concentration
rose sharply, resulting in peak concentrations of 40 mg m™ and above in late March
and April. By mid-June, concentrations had dropped below 10 mg m™>. In the
sediment, depth-integrated chlorophyll-a concentrations ranged from 110 to 450 mg
m (Fig. 2c). Between early September and late February, the chlorophyll-a values
stayed roughly between 100 and 200 mg m™. In March, the chlorophyll-a
concentration rose to around 200 mg m™, and in May integrated concentrations of
450 mg m-2 were measured. Between late May and early September, the
chlorophyll-a values gradually declined. Overall, the sediment chlorophyll-a
concentration in the sediment lags behind the water column concentration by about
one month. With temperatures peaking in late summer, there is a difference of about
four months with the highest concentrations of phytopigments in the water column
and sediment.
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The sediment oxygen uptake rate ranged from 4 to 32 mmol m? d* (Fig. 2d). The
lowest values were measured from January to March, while peak values about one
order of magnitude higher were observed in mid-June and mid-August.

As phytopigments are climaxing in spring in both the water column and the sediment,
and highest temperatures are reached in late summer, benthic oxygen consumption
peaked somewhere in between but generally showed a greater resemblance to
temperature than to the phytopigment concentrations.

A simple box model was constructed describing the transfer of chlorophyll-a and bulk
carbon to the sediment column and their subsequent remineralization. The model
comprises five parameters: the net sinking velocity and the carbon-to-chlorophyll
ratio of the water column organic matter, the degratation rates constants of
chlorophyll-a and bulk carbon, and the Qo temperature coefficient which is a
measure for the sensitivity of the degradation rates to temperature. The model was
subjected to sensitivity and identifiability analyses in order to identify a suitable
selection of parameters to be estimated. Based on the results, all five parameters
were retained.
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Figure 2: Measurements of water column chlorophyll-a (a), temperature (b), sediment
chlorophyll-a (c) and benthic oxygen consumption (d). For (c) and (d) the global model
sensitivity is given as well, with light gray indicating the range of model results and dark gray
the standard deviation. The dashed line shows the median as well as the the best-fit model
run, which cannot be distinguished visually.

After a first calibration which produced a set of optimal parameter values, a Markov
Chain Monte Carlo (MCMC) was used to estimate probability distributions for each of
the parameters (Fig. 3). The deposition velocity was constrained at 0.158 + 0.034 m
d* by the MCMC routine. This means that about 1% of all carbon in the water column
is lost to the sediment every day.
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Combining this with the obtained weight/weight carbon to chlorophyll-a ratio of 94.2 +
21.9, we can calculate a annual carbon deposition of 72.9 + 6.2 gm?d™.

This figure is well constrained thanks to the collinearity between both parameters.
Using the MIRO model and water column data, Lancelot et al. (2005) calculated a
carbon export to the sediment of 51 gC m™ y™ or about one quarter of the annual net
primary production (213 gC m™? y™), which corresponds quite well to our estimate.
Our estimate of the carbon to chlorophyll-a ratio is higher than the often assumed
value of 50 for spring blooms, but measured ratios have been shown to vary widely
and be quite high in Phaeocystis colonies.
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Figure 3: Results of the MCMC procedure. The top right panels show pair-wise plot of
all accepted parameter sets. Probability distributions for each parameter are shown in
the center panels, the bottom panels give the correlation for each parameter pair.

The mean chlorophyll degradation rate constant at 20°C of 0.0163 + 0.0038 d*
appears to be somewhat low when compared to literature. A value often used to
derive particle reworking coefficients from chlorophyll-a sediment profiles is 0.03 d*
(Josefson et al. 2002). Other studies (Boon and Duineveld 1998; Gerino et al. 1998;
Green et al. 2002; Hagy et al. 2005) refer to the empirical relationship between
temperature and the chlorophyll-a decay rate constant as determined by Sun et al.
(1993). Based on this equation, the expected degradation rate constant is 0.022 d™*
at 5°C, 0.033 d* at 10°C and 0.068 d™ at 20°C. However, it needs to be noted that
this relationship was established using open oxic incubations with fresh diatom cells.

The MCMC procedure yielded a mean carbon degradation rate constant of 0.0058 +
0.0023 d*. This means that chlorophyll degradation is estimated to be roughly twice
as fast as the overall carbon degradation.
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TOC degradation rate constants have been studied using steady state (Boudreau
1998; Soetaert et al. 1998; Sauter et al. 2001) and dynamic (Soetaert et al. 1996;
Herman et al. 2001) diagenetic modelling, and laboratory incubation experiments
(Westrich and Berner 1984; Kristensen and Holmer 2001; Lehmann et al. 2002). The
reported values span several orders of magnitude, which can be attributed to
differences in source material, temperature, redox conditions, and modelling
approach. The mean Qo value resulting from our model is 2.27 + 0.36, which means
that in our model the degradation rate constants of both chlorophyll-a and carbon in
general are expected to double for a temperature increase of 10°C.

Our modelling results have confirmed the important role that temperature plays in the
functioning of the benthic compartment in the Western Coastal Banks area. Organic
matter degradation rates in the sediment will more than double for an increase in
temperature of 10°C, which corresponds more or less to the water temperature
difference between the peak of the spring bloom and late summer, when
temperatures are at their highest. The resulting uncoupling between sedimentation
and remineralisation has important consequences for the functioning of the pelagic
compartment as well, as large quantities of nutrients will only be recycled after the
system has moved back to its light-limited state. In fact, while two thirds of the
sedimentation in our model takes place between the onset of the spring bloom in late
February and its end in mid-June, only about one quarter of the annual benthic
respiration, and therefore nutrient release, takes place during that same period. The
prolonged presence of bloom material in the sediment column at station 115bis also
enables a rich community and important biomass of meio- and macrofauna to
develop between the onset of the spring bloom and late summer.

Assimilation of organic matter by macrobenthos
FA biomarkers in the suspended particulate matter mirrored phytoplankton dynamics
in the water column, consisting of a small diatom dominance early spring, succeeded
by a mass Phaeocystis peak followed by a mixed diatom-dinoflagellate bloom (Fig.
4). Deposition and subsequent bacterial degradation of the phytoplankton bloom
were reflected in sediment PL FA biomarkers (Fig. 4).
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Figure 4: Microscopic counts of the major phytoplankton groups (upper panels) in the water
column, average integrated average chlorophylli a content of suspended matter + SE (n = 3)
(18 m) and sediment + SD (n = 2) (4 cm) (3" panel) and single values of Polar Lipids in
suspended matter and sediment during the time course. Mind different scales on y-axes

Based on PL, the major planktonic groups within OM of water and sedimentary food
sources can be distinguished (Sargent and Whittle 1981; Volkman et al. 1998;
Dalsgaard et al. 2003).

The NL fraction of consumers is known to be a good reflection of their diet (Caramujo
et al. 2008). The main distinction in FA biomarker concentration within macrobenthic
tissue was observed at the species level (50% of variation), the diet of L. conchilega
consisting of bacteria (18:1¥7c, i-17:0) and diatoms (16:1¥7c) and that of N.
hombergii of diatoms (16:2¥4), and more dinoflagellates (22:6¥ 3, 18:5¥ 3(12-15))
and invertebrates (22:1¥ 11c) (Fig. 5). Temporal variation explained almost 20%: the
two species retained more bacterial (10Me16:0) and Phaeocystis (18:1¥ 9c) markers
before the bloom, while they accumulated more poly-unsaturated FA (20:5¥ 3) after
the bloom
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Influence of macrobenthic functional identity and density on benthic
ecosystem functioning

Our experiments revealed that summer mineralisation in the absence of fauna was 2
times higher than in winter. Fauna stimulated microbial respiration more in summer

(up to 100% in L. conchilega treatments) than in winter (negligible fauna effect) (Fig.
6).
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Figure 6: Abra alba, Lanice conchilega and Nephtys sp. Fauna mediated microbial
respiration for winter (left); and summer (right) for increasing densities of all species in mmol
0, m'? d'". Values are calculated as measured sediment community oxygen consumption
(SCOC) minus predicted SCOC
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As chlorophyll a concentrations were similar in both seasons, the stronger fluxes in
summer must be explained by a higher macrobenthic activity owing to the elevated
temperature and better condition of the animals. Stimulation of mineralisation by the
3 species in the microcosms was different, as it was related to behavior. Owing to its
irrigation activity, the tube dweller L. conchilega had more pronounced influences on
benthic respiration, nutrient release and denitrification than did the biodiffusers, A.
alba and Nephtys sp. A. alba appeared to be a more effective bioturbator than
Nephtys sp (Fig. 7).
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Figure 7: Abra alba and Nephtys sp. Bioturbation rate D) (as cm? of sediment reworked per
year) per density level for each species for (a) winter and (b) summer

Processes such as benthic respiration, nutrient fluxes, denitrification and bioturbation
seem to be related to animal densities and therefore decreases in densities can
possibly have implications for ecosystem functioning.

At the end of the experiment (i.e. after 14 d) on the role of macrofaunal identity in
structuring nematode biodiversity and vertical distribution, the control treatment
without macrofauna was found to be detrimental to nematode density and diversity,
which points to the importance of macrobenthic engineering to sustain the smaller
components of the food web.

SSDDScience for a Sustainable DevelopmeriDNorth Sea 21



Project SD/BN/01 Understanding benthic, pelagic andairborne ecosystem interactions in shallow coastal seas
O9VDRSA@MJRE

Control Abra alba Lanice conchilega Nephtys hombergii
0-0.5 — I - &
0511 | . L__F [+
1-1.51F | g - C+
1.5-24} L+ - CH

2-3 [ ] L1 [ §

3-44) [ ] - [ |

45 0 | J iy

5-6 I} ] I

6-7 I = [ ] bo*

7-80) ] (I 1]

50 150 50 150 50 150 50 150
nematode density (ind. 10 cm_z)

o1 FH [+ = = " +5°
el L -= By = &
E 23 | e v - O I
(&)
= 341t o ) CF
3 4-57 | [} [ -

o 561} [y [ -

6-71_F [F || [F

7l - - i}

0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30

species richness (species 10 cm_z)

0-1 - [ B = =
2 I B [ o I =
2-3{_F 04's [l [ pieai [} 04s
3-4_| . 1 T
451} [ ] - 1
5-61_I T CF CH
6-71_I [ - [
7 + [ [+

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Ny

Figure 8. Nematode density (upper panel) and diversity (mid panel: species richness; lower
panel : Hi | | 6 s,) prafilesarr cenirdl, ybra alba kaxice lonchilega and Nephtys
hombergii treatments (from left to right). Main graphs indicate analyses on whole core (cm
scale); inset graphs show analyses on the upper 2 cm (0.5 cm scale). *Significantly lowest
values. x: N; of the control 0i 0.5 cm slice was only lower than the 07 0.5 cm slice of N.
hombergii. x2: N; of the L. conchilega 2i 3 cm layer was only higher than N; of the control 2i
3 cm layer. The higher (black bar) and lower (white bar) nematode density of each pair
according to pairwise tests and slices not significantly different from other slices (grey bar)
are indicated. Error bars indicate SE.
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Nematode densities were highest at the sediment surface in all treatments, but
subsurface density peaks were observed in A. alba (to 3 cm depth) and L. conchilega
(to 7 cm depth) microcosms (Fig. 8). In the A. alba treatment, the dominant non-
selective deposit feeding and the epistrate feeding nematodes shifted downwards
probably to avoid disturbance and exploitative competition by the bivalve siphons at
the surface, while they might have benefited from the faecal pellets deposited in the
subsurface
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Richtersia and averaged TOC in the different depth layers in the control + food (CF),
bioturbator (BT), bio-irrigator (BI) and physical mixing (PM) treatments (from left to right).

Specific uptake differed among TR (PM> Bl and BT) and among DxSp. Grey shades of
nematode panels as in FIG 1. Coarse striped bars indicate < 3 replicates. Note different

scaling of x-axes. Error bars indicate SE
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In the L. conchilega treatment, the several dominant species were redistributed over
depth layers, indicating polychaete-mediated habitat extension from surface into
depth. Nematode communities seemed hardly affected by the presence of N.
hombergii. These results reveal that functionally contrasting macrobenthic
engineering effects shape nematode communities in different ways, which may
maintain the role of nematodes in ecosystem functioning.

In the third experiment, nematode survival and subsurface peaks in nematode
density profiles were most pronounced in the Lanice conchilega treatment. However,
nemat ode Sip®) cdtakei of the(adeled diatoms was highest in the physical
mixing treatment, in absence of competition by macrobenthos and where the diatom
13C was homogenized (Fig. 9. Nematodes fed clearly on bulk sedimentary organic
material rather than selecting the added diatoms.

The total C budget (g C m™@) encompassing TO™C remaining in the sediment,
respiration, nematode and macrobenthic uptake highlighted the limited assimilation
by the latter and the major role of bacterial respiration (Fig. 10). Bioturbation and
especially bio-irrigation facilitated the lower food web mainly on the long term (niche
establishment). Since the freshly added diatoms represent only a limited food source
for nematodes, the macrobenthic effect was more pronounced in facilitating the lower
food web than the negative structuring effects such as competition.
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2.2 Lanice conchilega, fisheries and marine conservation

The trophic interactions at the sediment-water interface (Task 1.3) focused on the
assessment of the importance of Lanice conchilega for the diversity of the
macrofauna in general and for juvenile flatfish. Moreover, policy related research
investigated whether Lanice aggr egati ons can be classified
the Habitat Directive, paving the road for true policy-related papers.

2.2.1. Material and Methods

The consequence of tube aggregation of L. conchilega for the ecosystem functioning
in subtidal areas was investigated by means of data gathered over a period of 10
years (October 1994 1 March 2005) on the BPNS. Data was selected on the basis of
habitat classification taking into account sedimentological characteristics and
bathymetrical information. A dataset of 657 macrobenthic samples was submitted to
analysis. To test the impact of L. conchilega as bio-engineer, samples were selected
based on specific median grain size values (125-250 pm). In order to study the
possible change in benthic community composition due to the presence of L.
conchilega tubes, samples were divided into 5 classes. We refer to Rabaut et al.
(2007) for more details on the methodology.

After assessing the importance of L. conchilega aggregations for benthic diversity, it

was investigated whether these aggregations
Habitat Directive context. Therefore, we quantified different characteristics of dense L.

conchilega. Different methods were used to quantify the physical characteristics of

intertidal aggregations: shear vain to measure shear stress, sederoplots to measure

elevation, counting frames to estimate densities and artificial tube reefs to understand

the temporal characteristics. This was combined with the existing knowledge on the

bi ol ogical characteristics. This Oreefinesso
Foster-Smith (2006). We refer to Rabaut et al. (2009b) for more details on the
methodology.

In a next step, the vulnerability of L. conchilega to physical was investigated by means
of laboratory experiment. The laboratory experiment served to assess the impact of
sustained physical disturbance regimes at varying frequencies. Survival proportions
were measured over time and tested with a generalized linear mixed model (GLMM).
We refer to Rabaut (2009) for more details on the methodology.

As the L. conchilega aggregations harbour a rich associated community, it can be
expected that physical disturbance (i.e. beam trawling) has an effect on this
associated community as well. Survival proportions were measured over time and
tested with a generalized linear mixed model (GLMM). We refer to Rabaut (2009) for
more details on the methodology. Beam-trawl impact on the associated fauna of L.
conchilega reefs has been studied in the field both in the intertidal and in the subtidal
zone. At each location, a one-off beam trawl disturbance was performed followed by
an intensive sampling of treatment and control areas. We refer to Rabaut et al.
(2008) for more details on the methodology.
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As the previous series of experiments and studies indeed indicated that the presence
of L. conchilega increased benthic diversity (see below), the question rises if this
increased diversity is of importance for juvenile flatfish. If this is indeed the case, the
presence of L. conchilega aggregations could be taken into account in future
modeling studies on sole connectivity, as pioneered in WestBanks and reported in
Chapter 2.3. The relation between the ecological value of the observed increased
benthic diversity and the abundance for flatfish has been tested in two different
studies. A first study investigated the ecological interactions between the benthic
habitat created by L. conchilega and postlarval Pleuronectes platessa (Plaice) in the
intertidal zone (Bay of Heist). Samples were taken at each sampling event with the
hyperbenthic sledge (mesh size 1 mm). For each sample, the sledge was towed by
two spring tide events of March-April 2008. To test for the effect of the presence of L.
conchilega on the densities of juvenile flatfish, a generalized linear model was used.
We refer to Rabaut et al. (2010) for more details on the methodology. A second
investigation aimed at evaluating whether juvenile flatfish species (such as Plaice
and Dab) select for small scale engineered habitats built up by the tube dwelling
polychaetes L. conchilega or Owenia fusiformis. The two benthic tube worm
engineered habitats are investigated in two different geographical areas. Flatfish
were collected with a beam trawl. Within each particular geographical area, the two
habitats were sampled. A minimum of ten individuals per area (and in each habitat)
of Plaice and Dab were selected for further stomach analyses. The biomass (mg
AFDW) of each prey item present in the stomach as well as the flatfish biomass was
measured. The relative importance of prey in the diet was expressed as percent of
numerical abundance (N%), weight (G%) and fullness (FI%). Data was analyzed
using generalized linear models. We refer to Rabaut (2009) for more details on the
methodology.

Based on these results, and taking into account the literature on various aspects of

MPAs, allowed the construction of a theoret i c a | or O6syst ems appr
applicable to temperate soft-bottom marine areas. This analytical systems approach

led to the identification of three chronological blocks: policy objectives, decision

making and impacts. This systems approach was visualized in a flow chart, which

made the general approach to MPAs easier to apply within a broader marine
management framework.

Some aspects of this topic have been covered before, but this study seeks to

integrate research (with emphasis on ecosystem engineers) and theory about the

O MPRRAr ocessd6 to build a systems approach whic
real-world scenarios. Within WestBanks, this concept has been tested with the

Belgian case study (BPNS) of how MPAs are established, managed and have

impacts. We refer to Rabaut et al. (2009a) for more details on the methodology.

2.2.2. Results

Lanice conchilega aggregation: importance, vulnerability, and resilience
We showed that that the species community around L. conchilega tubes could be
distinguished from the species community in tube-free sediments (One-way
ANOSIM, R =0.237, p = 0.001).
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A dissimilarity-value of 78.9 was found between samples with and without L.
conchilega tubes. A global test based on L. conchilega classes showed significant (p
= 0.045) but only slightly distinguishable species communities (R = 0.028) coinciding
with decreasing L. conchilega abundance (Fig. 11). The most pronounced community
differences were found between samples with >1500 L. conchilega ind.m2 and
samples without L. conchilega individuals (R = 0.207, p = 0.001), with a dissimilarity
value of 83.6.

Figure 11. Two-dimensional MDS ordination plot of similarities between species
assemblages of different density classes of L. conchilega aggregations (classesl-4,
respectively, crossed squares, filled grey squares, open triangles and black filled dots) and L.
conchilega-free samples (open dots) (using Bray Curtis similarity measure of square root
transformed data).

This ABabushkao type of community str
MVDISP algorithm. The highest variability was found in the samples without L.
conchilega (Dispersion Factor Value 1.135), while lowest variability occurred in the
samples with highest L. conchilega densities (Dispersion Factor Value 0.242). The
Indices of Multivariate Dispersion (IMD) have negative values, implying that all
similarities among samples of concerned L. conchilega density class are higher than
any similarities among samples of other density class. The further the density classes
are separated, the closer the IMD is to -1. We refer to Rabaut et al. (2007) for more
details on the results and an elaborated discussion on these.

Our investigation of the physical aspects of L. conchilega aggregations revealed that
both elevation (p<0.001) and shear strength (p<0.001) were higher in L conchilega
patches than outside the patches. In addition, shear strength was positively
correlated with Lanice densities, pointing to the importance of high densities for local
sediment consolidation.

The artificial reef experiment in the intertidal zone of the Bay of Heist confirmed that
changing hydrodynamic patterns on a very local scale, as a result of the presence of
adult L. conchilega, leads to a settling advantage for juvenile L. conchilega.
Comparison between areas with and without sedimentation within each artificial plot
shows a significantly higher settling in the areas where sedimentation occurs.
However, next spring tide, densities no longer show differences between the two
areas and other mechanisms take over (Callaway, 2003).
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This was combined with side scan sonar images of other research (Degraer et al.
2008), measurements on spatial extent and current biological knowledge (Zuhlke
(2001), Van Hoey (2006), Rabaut et al. (2007)). These results are summarized in a
0reefiness (Rabautetal go0gba bl e 6

It is however still difficult to estimate the spatial extent and patchiness of these
systems in subtidal areas. This is an important knowledge gap that should receive
attention in the future. Finally, reefs should be stable enough to persist for several
years (temporal reef-characteristics). For the latter, it is known that aggregations can
sometimes persist longer but that they are generally ephemeral in intertidal areas
(Callaway et al. 2010). However, subtidal systems are expected to be more stable
and some mechanisms exist for the aggregations to be replenished by juveniles.
Again, only long-term monitoring with advanced remote sensing techniques will
provide insights in the longevity of individual aggregations

When exposed to physical disturbance, survival of L. conchilega individuals dropped
significantly after 10 and 18 days (with a disturbance frequency of every 12 and 24 h,
respectively) (Fig. 12). The results indicate that L. conchilega is relatively resistant to
physical disturbance but that reefs can potentially collapse under continuous high
frequency disturbance. The results of this experiment are discussed in the light of
beam trawl fisheries, a common physical disturbance in areas where L. conchilega
reefs occur. This experimental approach resulted in a quantification of the
physical disturbance level a system can handle. We refer to Rabaut (2009) for
more details on the results and an elaborated discussion on these.
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Figure 12. Survival proportions over time for the disturbed sectors (white: Trl; grey: Tr2;
black: Tr3). Proportions are visualized as a percentage of the control proportions for each
time (i.e. survival proportions in control are set to 100%).

The beam-trawl experiment in the intertidal area showed an impact at the community
level (Fig. 13). SIMPER analyses showed that 90 % of the communities in both
treatment and control plots were characterized by a small number of species (E.
sanguinea, Capitalla capitata, U. poseidones, Nepthys cirrosa and S. filicornis). The
most pronounced impact was on E. sanguinea which was significantly impacted
during the entire period of the experiment.
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The same result appeared for the total macrofauna density. However, an overall
quick recovery from disturbance was observed. We refer to Rabaut et al. (2008) for
more details on the results and an elaborated discussion on these.
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Figure 13. Two-dimensional MDS ordination (stress = 0.06) of community data for each
treatment and sampling occasion (means of replicates). Treatment (8) community
composition evolves over time to the community compaosition of the control (3) samples (with
the exception of T4: stormy weather). The recovery trajectory plotted here has an IMS value
of 0.61 (p < 0.01).

In the subtidal experiment with a similar set up, closely associated species (e.g.
Eumida sanguinea, Phyllodoce (Anaitides) mucosa, Eteone longa) as well as some
other co-occurring species (e.g. Abra alba and Kurtiella bidentata) were shown to be
significantly impacted by the trawling disturbance. Opportunistic species as Capitella
sp., Heteromastus sp. and Notomastus sp. were considered as negatively associated
to L. conchilega and their density increased significantly shortly after beam trawl
passage. We refer to Gamarra (2008) and Rabaut et al. (in prep.-b) for more details
on the results and an elaborated discussion on these.

Generalizing, the effect of beam trawling on the associated fauna follows two main
lines: we discerned on the one hand vulnerable species that are negatively affected
and of which the recovery can either be fast or slow. On the other hand there is a
group of negatively associated (opportunistic) species which increase in densities
shortly after a beam trawl disturbance. This indicates that the reef structure itself can
persist under intermediate beam trawl pressure but the integrity of the reef is hurt as
the system as a whole degrades shortly after disturbance. This indicates that the
richest soft-bottom habitat of the BPNS is potentially under threat, but it also
indicates that the physical structure of the reef can withstand current beam
trawl regime.

During the field sampling, conducted to investigate the effect of Lanice aggregations
on juvenile flatfish, 269 P. platessa, ranging from 0.6 1 4.0 cm (average length 1.477,
SD = 0.272) and 8 S. solea ranging from 0.9 7 1.4 cm (average length 1.250, SD =
0.151) were caught. Only for P. platessa, a representative amount of specimens was
available to perform further analyses.
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Overall, there were no differences in P. platessa densities over time within the control
zone, nor within the treatment zone (p > 0.7) (Figure 14). Comparison between
control and treatment show significant differences in P. platessa densities (p <
0.0001) (Figure 14, inset). The mean abundance of P. platessa in L. conchilega free
zones (control) was 4.70 (+/- 0.66 SE) individuals per sample, while the abundance
in the L. conchilega zones (treatment) was 15.50 (+/- 3.63 SE) individuals per
sample. We refer to Rabaut et al. (2010) for more details on the results and an
elaborated discussion on these.
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Figure 14. Density distribution of Pleuronectes platessa (0-group); densities outside Lanice
conchilega reefs (black) compared with densities inside L. conchilega reefs (white). Inset:
Overall flatfish density differences between control zones without L. conchilega (black) and
treatment zones with L. conchilega (white). These differences are significant (p < 0.01).

For the second flatfish study within WestBanks, results show that the two flatfish
species occur in significant higher densities in the ecosystem engineered subzones
(Figure 15). Analyzing per age class reveals that for L. limanda only age class 0
occurs in significantly higher densities in the O. fusiformis area, while for P. platessa
each age class occurs in higher densities in the L. conchilega areas, but no
difference was found for age class 1 in the O. fusiformis areas (Area 1). No age
effects or interaction effects were found.
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Figure 15. Flatfish densities. Both flatfish species are represented per geograpghical area
and per age class. White bars represent flatfish densities in subzones without the ecosystem
engineer; black bars represent flatfish densities in ecosystem engineered
subzones.Significant differences between habitats are indicated with a star.

In the overall analyses per flatfish species (i.e. both study areas together), the
fullness index (FI%) is significantly higher within ecosystem engineered areas for P.
platessa of age class 0. For L. limanda, significantly lower FI% was found for age
class 0 individuals caught within the ecosystem engineered subzone (Fig. 16).
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Figure 16. Overall stomach analysis per species (left) and per geographical area and species
(right) of the fullness index (F1%), proportional numerical differences (N%) and proportional
gravimetric differences (G%). Non-ecosystem engineered subzones are represented with
white bars; ecosystem engineered subzones are visualized as black bars. Significant
differences between subzones are indicated with a star. Interaction effects (habitat x age) are
indicated with a brace.

Numerically, all responses turn out to be significant, with relatively more prey in the
stomachs of L. limanda caught in the ecosystem engineered subzone and the
opposite for P. platessa. Gravimetrically, the response is different with significantly
more prey biomass in flatfish caught in the non-ecosystem engineered subzone (L.
limanda age class one and P. platessa) (Fig. 16). Analyzing the same parameters
per area, in Area 1, L. limanda age class 0 has a significantly higher fullness index
and a gravimetrically higher stomach content outside the ecosystem engineered
subzone as well, while the age 1 group caught within the ecosystem engineered
subzone has numerically a higher stomach content (Fig. 16). In Area 2, both age
classes of P. platessa have a higher fullness index and age class 0 has a
gravimetrically higher stomach content within the ecosystem engineered subzone.
Numerically, age class 0 of this flatfish species has a higher stomach content in the
non-ecosystem engineered area. We refer to Rabaut (2009) for more details on the
results (e.g. all significance levels) and an elaborated discussion on these.
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Ecosystem engineers and MPA research
Integrative management is important within the MPA-process as is visualized in a
simplified flow chart in Figure 17.

Figure 17.Si mpl i fi ed fl owpcbaessof The bMPAcC ai

must be clear from the beginning, as objectives for nature conservation may be well different
from fisheries management objectives. To come to an ecosystem approach to marine
management, no sectorial strategies should be applied but management measures from
different sectors should be tuned in an integrative management.

The flow chart that was designed as a mental mapping exercise resulting from a
literature review, illustrates (1) why MPAs originate, (2) how they are designated and
(3) how they have various impacts in a temperate soft-bottom area. The relation
between fisheries and MPA-management appears to be most challenging in soft-
bottom temperate marine areas because of conflicting interests and institutional
differences. Activities limited in space and not relying directly on ecosystem functions
(e.g. offshore energy production and aggregate extraction) are generally easier to
manage than fisheries. By far the commonest fishing technique in Belgium is beam
trawl fisheries, mainly small beam trawlers for Solea solea (common sole) and
Pleuronectes platessa (plaice) (45 thousand fishing hours per year) and shrimp
fisheries for Crangon crangon (brown shrimp) (23 to 35 thousand fishing hours per
year) in the coastal areas. The most valuable areas for macrobenthos in the BPNS
coincide with places where the Abra alba community is found. This community hosts
various bio-engineering species that form biogenic structures (e.g. Lanice conchilega
(Callaway 2006, Van Hoey 2006, Rabaut et al. 2007) and Owenia fusiformis
(Somaschini 1993, Rabaut 2009, Rabaut et al. in prep.-a) which are often referred to
as hotspots of biodiversity. These ecologically valuable areas are often vulnerable to
beam trawl disturbance as was proved in the case of L. conchilega in an
experimental trawling study (Rabaut et al. 2008). We refer to Rabaut et al . (2009a)
for more details on these results. Further discussion can further be found in Rabaut
(2009).

We conclude that ecosystem engineers such as L. conchilega are model organisms
for studying the sediment-animal-interactions, quantifying the strength of a benthic
engineer in modifying its habitat and thereby affecting other species. Moreover, this
study shows that ecosystem engineers are important within a conservation context.
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