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Abstract
The Dutch mussel fisheries are in need of alternative, sustainable sources of mussel spat. The
industry, NGOs and the Dutch government achieved an agreement on these alternative sources in
the form of Seed Mussel Collectors (SMCs). A voluntary has been signed in which is agreed upon a
gradual transition from the traditional mussel fishery to SMCs between 2009 and 2020. Ecological
carrying capacity and production carrying capacity are important references for the sustainable
implementation of SMCs. Research is needed on filtration and growth parameters of juvenile Blue
mussels (Mytilus edulis) in order to predict future harvests. During the course of this thesis
measurements have been conducted on the filtration of M. edulis. In addition a Dynamic Energy
Budget (DEB) model has been used to simulate the growth of juvenile mussels. Special emphasis is
put on the effects of the concentration of food (Xk) and inorganic matter (Yk) on mussel growth, as
these are important variables and indicators for the system. The filtration experiments have been
conducted by using the flow-through chamber method. Juvenile M. edulis of 6 mm had an average
clearance rate of 0.065 L H-1. The average clearance rate of the mussels with a size of 7.5 mm was
0.126 L H-1. As filtration and body size are connected in the allometric relationship F = a Wb, the
allometric constant a can be calculated for juvenile mussels. When b equals 0.66, a equals 2.55 L g-1
h-1 for juvenile mussels of 6 mm, whilst for mussels of 7.5 mm, a equals 4.43 L g-1 h-1. When taking a b
value of 0.5, for mussels of 6 mm, a equals 1.05 L g-1 h-1 whilst for mussels of 7.5 mm, a equals 1.89 L
g-1 h-1. The M. edulis DEB model predicts the juvenile mussels to grow up to 2.67 cm and 0.65 g in the
first year and to 4.70 cm and 3.88 g in the second year. Xk is in these growth scenarios the dominant
parameter over Yk as Xk has much more impact on the growth extent of M. edulis.
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1. Introduction
In the framework of a sustainable future for the Dutch shellfish fisheries, the Dutch mussel fisheries
will undergo a remarkable change in the years to come. Mussel spat – young mussels which form a
base for further mussel cultivation on specific sites in the Dutch coastal waters – has become scarce
in the past years. Mussel beds cannot supply the market with sufficient spat to fulfill the consumers
demand for its mussel consumption. At the end of the 20th century, about 65 million kg spat could be
collected each year, while nowadays only about 30 million kg spat can be collected per year. In a
relatively short time period, the amount of available mussel spat has decreased severely. This is
partly due to the increased time needed for issuing fishery permits and ongoing seed predation.
Procedures take more time because of criticism on bottom fishery, the traditional method of
collecting mussel spat that may be harmful for the ecosystem. The mussel industry suffers from this
pressure and is in need of alternative and sustainable sources of mussel spat. These alternatives
should (1) provide a more consistent source of mussel spat and (2) be more sustainable in
relationship with the environment than traditional methods of collecting mussel spat (Scholten,
2007).
The mussel industry, nature conservation NGOs and the Dutch government achieved an agreement
on finding alternative and sustainable sources of mussel spat in the form of Seed Mussel Collectors
(SMCs). With this alternative form of mussel spat collection there is no need to collect the young
mussels from the seabed, instead they can be collected by means of harvesting them from fixed or
hanging net constructions in the water column. Subsequently, the collected mussel spat can be
further transported to cultivation sites. The first experiments with SMCs started in 2001. From the
beginning of 2005 the pilot studies have been scaled up, commissioned by the Dutch ministry of LNV.
These experiments have been performed in the Wadden Sea, the Oosterschelde and the Voordelta
(Scholten, 2007).
Nowadays the first test phase is completed and the mussel fishery sector is looking ahead. The Dutch
ministry of LNV has set preconditions in which the mussel sector can continue to develop. In the
coming period, the process of setting up SMCs needs to be scaled up further. In 2006 the total
effective production space of SMCs was enlarged to 25 ha, from which 1 million kg mussel spat was
collected. The next year the effective production space was even 67 ha and 2 million kg mussel spat
was collected. De quantity of collected mussel spat in 2006 and 2007 is only a fraction of the total
amount of collected mussel spat that is collected by traditional means (2 million kg by SMCs vs. 30
million kg by traditional mussel spat collection), yet they do offer a bright perspective for the future.
The Dutch minister of LNV together with the mussel industry and environmental organizations, have
signed a voluntary which contains agreements regarding the gradual transition of the traditional
mussel fishery to SMCs. This transition process will take place between 2009 and 2020, in which
repeatedly about 20% of the traditional mussel spat collection will be taken over by SMCs (Scholten,
2007; Min. LNV, 2009).
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1.1 Problem statement
The scarceness of mussel spat, partially caused by the winters being relatively less harsh (Beukema,
1992) and the possible negative effects of traditional mussel fishery for the ecosystem there is a
need for alternative sources of mussel spat. As stated before, SMCs might become this alternative
source of mussel spat. In order to guarantee a sustainable mussel fishery for the coming years, it is
important to be able to estimate the production of mussel spat in SMCs for the coming years. To
implement this new method sustainably, it is of importance to be able to predict (1) the production
carrying capacity and (2) the ecological carrying capacity of the ecosystem. The production carrying
capacity of the system is the optimized level of production of the target species (McKindsey et al.,
2006). For filter-feeders such as bivalves, this will heavily depend on the natural resources of the
system and the production carrying capacity is therefore very much related to the functioning of the
ecosystem itself (Bacher et al., 1998). Modeling of ecological carrying capacity should not only take
into account the target species but the ecosystem as a whole, considering all culture activities from
seed collection to ongrowing, harvesting and processing (McKindsey et al., 2006). In order to do so
the Dutch ministry of LNV has defined a number of criteria (carrying capacity, seabed, birds, seals,
litter and cumulation) which should indicate the preferable state of the ecosystem (Min. LNV 2009;
Jongbloed et al., 2009). Permits for SMCs can be handed out those initiators who can verify that their
activities will not have a significant negative effect on the environment by means of an
environmental impact assessment. The criteria for a good environmental state with respect to SMCs
will be discussed further on.

As has been stated above, two main research questions can be derived from the problem statement:
(1) What is the impact of SMCs on the production carrying capacity of the ecosystem?
(2) What is the impact of SMCs on the ecological carrying capacity of the ecosystem?
This thesis will attend to certain aspects of these questions in depth in order to contribute to the
scientific perception of SMCs.
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In order to get a better insight in the implementation of SMCs as a source for mussel spat, a closer
look at the involved characteristics is required. Figure 1 illustrates the nutrient cycle in bivalvedominated systems. Especially the steps between ‘bivalves’ and ‘inorganic nutrients’ are interesting
processes to take a further look at, regarding mussel growth in SMC’s. Both excretion and
(re)mineralization of biodeposits stimulate phytoplankton turnover (Prins et al., 1998) and thus,
stimulating mussel growth. This research will focus on the complex relationship between a mussel
population in a SMC and the related dynamics of phytoplankton turnover and nutrient regeneration.
Furthermore I will try to estimate the relative filter capacity of a juvenile mussel in a SMC.

Figure 1. Nutrient cycle in bivalve-dominated systems (Smaal, 2009).

As the implementation of SMCs is still in an upscaling phase it can be useful to model mussel growth
in SMCs. Mussel growth can be described using a Dynamic Energy Budget (DEB) model. The DEB
theory unifies the commonalities between organisms as prescribed by the implications of energetics,
which links different levels of biological organization (European Research Group AquaDEB, 2007). In
short: A DEB model describes the energy flow through an organism as a function of its size, its
development stage and its environmental conditions (Wijsman et al., 2009). A mussel DEB model
contains all these different parameters affecting a mussel’s growth and DEB models for simulating
natural growth have been used frequently (Casas & Bacher, 2006; Rosland et al., 2009). Figure 2
illustrates a schematic version of a DEB model. This model needs yet to be adapted to be compatible
for mussel growth in a SMC by adding a certain factor in front of the ‘food’ term. This factor should
represent the effect of a mussel population in a SMC on phytoplankton turnover and nutrient
regeneration.
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Figure 2. Schematic presentation of DEB model for bivalves (Wijsman et al., 2009)
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Aim of the research
The aim of this research is to gain a better insight in the growth and filtration capacity of mussel spat
in SMCs and the related nutrient dynamics. In order to do so, I will use a dynamic energy model (DEB)
which I will try to fit within the available parameters of mussels related to SMCs.
Research questions
To answer the two previous mentioned main research questions the following sub-questions have
been formulated for this MSc thesis:
 What is the filtration capacity of a juvenile mussel in a SMC?
 What is the growth rate of a juvenile mussel in a SMC?
 How do the growth rate and filtration capacity of a juvenile mussel in a SMC relate to those
of a juvenile mussel under natural conditions?
 What is the effect of SMCs on the ecological carrying capacity of the ecosystem?
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1.2 The Blue mussel (Mytilus edulis)
Blue mussels (M. edulis) are common bivalve species in the European seas. Their high resilience
towards salinity, desiccation, temperature and oxygen tension has contributed to their widespread
distribution, ranging from the Atlantic south coast of France all the way to the White Sea, on the
northwest coast of Russia. Mytulis edulis is an euryhaline bivalve species, thriving in both marine and
brackish waters. Although M. edulis occurs in both intertidal and subtidal regions, blue mussels seem
to prefer intertidal regions due to the favorable conditions in intertidal regions with respect to
predation and food competition (FAO, 2010).
Cultivation of the blue mussel in Europe is known for hundreds of years. The Netherlands introduced
lease sites for mussel cultivation in 1870 (Dijkema, 1997). In 2002 mussel bottom culture carried out
on leased sites covered a total area of 5600 ha, providing the market with approximately 80 million
kg mussels (Smaal, 2002). Several studies have concluded that the production system of M. edulis in
the Oosterschelde is nowadays fully exploited (Van Stralen & Dijkema, 1994; Smaal et al., 2001).
Both Eider ducks and starfish predate on blue mussels and mussel spat and are considered a problem
for the mussel industry. Especially starfish predation has been of major importance for the
availability of mussel spat in the last decades, as the natural mortality of starfish has gone down due
to the absence of very harsh winters (Beukema, 1992).
Mussel fishery and SMCs
Both the Dutch mussel fishery as the Dutch government are looking for alternative, sustainable
sources of mussel spat. SMCs might turn out to be one of these alternative and sustainable sources in
the short term. Pilot studies with SMCs have been conducted since 2001 in order to gain some
preliminary data on productivity and carrying capacity of the system, as well as experience in the
field. Both production carrying capacity and ecological carrying capacity have been assessed in these
studies (Scholten, 2007). In the assessments, based on the pilot studies, a relatively quick
development of the SMCs is described. The production of mussel spat has been improved from 1
million kg. in 2006, to 4 million kg. in 2008. In 2009 a further upscaling has been realized as in the
Wadden Sea and the Oosterschelde a combined area of 200 ha of SMCs has been used. When
assuming an average yield of 4 kg. per sq. m., yield expectations are 8 million kg. in 2009 (20% of the
aimed yield of 40 million kg. in 2020). Mussel growth and filtration are important variables with
respect to production carrying capacity and ecological carrying capacity. As there is not much
scientific data on these variables for juvenile mussels <1 cm, research is needed focusing on the
filtration capacity of these juvenile mussels.
As mentioned before, the assessments have also taken into account the ecological effects of SMCs on
the system. In these assessments it becomes clear that up till now, no severe effects from SMCs can
be observed on birds, sea mammals, soil and ecological carrying capacity of the ecosystem. This is
partially due to constraints in the number of measurements and the limited scale of SMCs in general.
In order to estimate the ecological effects of SMCs on a larger scale it is not sufficient to extrapolate
these results alone. Further research and monitoring on the ecological effects of SMCs on the system
is advised by Scholten et al. (2007).
On mussel spat and SMCs
After spat fall, the development of the mussel spat on the substrate is monitored. If possible the
substrate is examined in order to determine the size and quantity of the mussel spat. Based on this
estimation a part of the mussel spat can be removed (intermediate harvesting or thinning) to provide
the remaining spat with better growth opportunities. This method can enhance the efficiency
(Kamermans & Smaal, 2009). The process of thinning occurs mainly within net substrates and only
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incidentally in dropping long-lines. During the process of thinning, a thinning system removes a
certain fraction of the mussel spat from the substrate. Throughout harvesting or thinning the ship
pulls itself slowly along the pipe of long-line, in order for the harvesting machine to do its job. The
harvested spat is then transferred to mussel cultivation sites in the coastal waters (Jongbloed et al.,
2009).
Harvesting takes place when the mussel spat has reached a certain size or when there is a risk for the
spat to fall off the substrate. During the harvest, the mussel spat is removed from the substrate. For
rope systems the rope is pulled in and the mussel spat is stripped manually, by stripping machine or
hosed under high pressure. For net systems the nets are brushed clean either in the water or on
board. If possible the system is removed simultaneously with the harvesting. The mussel spat is now
transported to specific cultivation sites for ongrowing. During the removal of the SMC and especially
the anchoring of the SMC, the seabed is slightly touched. Harvesting can cause disturbances for the
ecosystem in terms of shipping noise or the visible presence of a ship.
Regarding ship movement involved in SMCs, the frequency and time span of the movements depend
on the number of SMCs per location, clustering of initiatives and the sites of both the ports and
cultivation sites (Jongbloed et al., 2009). Usually the installation of SMCs takes place from half March
starting with the installation of the anchoring. Table 1 gives an overview of the actions and activities
at SMCs and some indications on the frequencies and duration of those activities.
Table 1. Actions and activities at a seed mussel collector on a site (50 ha) with a long-line or pipe of 100m.
(Adapted from Jongbloed et al., 2009)

Action

Period

Frequency

Duration

Installation

April

Once

Half a day
per system
One hour
per location
Five days per
location
Five days per
location
Half a day
per system

Maintenance April - October
and control
Thinning
June - August

Weekly /
Monthly
Twice

Harvesting

September - October

Once

Removal

September - October

Once

Total maximum duration per
SMC season (day/50 ha SMC)
6
2.5
10
5
6
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1.3 SMCs – ecological analysis
Table 2 lists the different aspects that are of importance in the ecological analysis in the presence of
SMCs and the activities involved with SMCs. These criteria are derived from past evaluations
(Scholten, 2007; Kamermans & Smaal, 2009) and represent the different aspects that can be affected
by SMCs in ecological processes (carrying capacity), structures (protected habitats) and protected
species (birds, sea mammals). There are other ecological aspects which can be affected by SMCs,
such as effects on fishes, yet those are not site-specific or of minor importance.
Table 2. Ecological criteria for the analysis of the effects of SMCs and SMC activities on the ecosystem.
(Adapted from Jongbloed et al., 2009)

Criterion
Carrying Capacity
Seabed, flora and
fauna
Birds
Seals
Pollution caused
by litter

Indicator
Filtration pressure related to water
exchange and food concentration
Effects of biodeposition on
vulnerable habitats
Effects on resting and foraging
area's
Effects on resting area's related to
shipping activities
Currents and waves

Standard
No standard, only relative
scores per location
Zoute wateren Ecotopen Stelsel
(ZES)
No standard, to be defined per
species and location
No standard, to be defined per
location
No standard

Carrying capacity
Carrying capacity may in this case be defined as food availability, as this is the limiting factor for
bivalve growth in the ecosystem. This bivalve food consists of phytoplankton which is measured as
chlorophyll concentration. The availability of phytoplankton depends on the speed with which the
food is produced (primary production) and the speed with which the food is brought in (refreshing of
the water), turbidity, the amount of sludge and the size of the filter feeder stock such as mussels,
oysters, cockles e.g. The food is produced in the water column and is mixed and transported by tidal
movements. In one tidal period a food particle may travel up to 15 km (Wintermans et al., 1996).
Therefore it is not possible to measure the food availability for a specific SMC site. Every area is
divided in sections based on water movements in order to make a good estimation.
Based on the available data, all SMC sites have been given a ranking based on its suitability. In
general it can be stated that a large volume, a high refreshment rate and a high chlorophyll level are
good conditions (Jongbloed et al., 2009).
Seabed
Mussels filter organic and inorganic particles from the water column. Only a certain part of the
filtered material is digested and leads to the production of faeces. The remaining fraction does not go
through the gastro-intestinal tract and leaves the organism as mucus and pseudofaeces. Regular
faeces and pseudofaeces contain high levels of organic matter. They sink to the bottom but can be
resuspended and transported until they settle again. SMCs can have effects on different levels of the
ecosystem: (1) locally in the water column or on the seabed directly near the SMC, (2) at some
distance of the SMC on the seabed or in the water column and (3) as the total of all SMCs on the
ecosystem. An increase in the organic matter and sludge of the bottom can worsen the life
conditions of certain bottom species such as filter feeders and enhance the conditions for deposit
feeders. In extreme conditions the bottom can become anoxic, causing almost all animals living in the
bottom to die. Besides the deposition of faeces and pseudofaeces, mussel spat can also fall of the
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substrate. This can attract new species such as predators (starfish) and epifauna (such as barnacles).
Furthermore new mussel beds may arise through secondary establishment of mussel spat which has
previously been attached to an SMC (Jongbloed et al., 2009).
While SMCs are a relatively new concept with not so much literature describing its underlying
mechanics, mussel suspended culture in general is a far older concept. In many aspects mussel
hanging cultures can be compared to SMCs as for example both have to do with the production of
faeces and pseudofaeces. There are also a number of differences, the most important one being that
SMCs are mostly in the water column for a fixed period of time (a certain number of months per
year), whilst mussels in hanging cultures are being grown until they have reached a size ready for
consumption.
Birds
It is assumed that the interaction between SMCs and birds are related to activities regarding the
installation and use of the SMC and not with the presence of the SMC itself. Ship movements and
employment may disturb bids in these cases as at a certain time their behavior will alter from resting,
sleeping or feeding, to looking up, diving, swimming away or eventually flying away. The distance at
which this will happen differs between different bird species but also depends on the state of the
bird (such as its distance to feeding spot, breeding spot e.g.).
SMCs may also have a positive effect on birds which feed on shellfish as it provides them with
feeding opportunities from the SMC itself as well as a floating base for further exploitation of feeding
grounds. No negative effects as entanglement in the nets or ropes have been observed until now
(Scholten et al., 2007; Kamermans & Smaal, 2009).
Seals
The Dutch coastal waters inhabit two species of seals, the Common seal (Phoca vitulina) and the Grey
seal (Halichoerus grypus). SMCs are a potential danger for seals as they might get entangled in the
nets and ropes hanging in the water column. Entanglement may deprive the seals of coming on shore
which is essential for both species, especially in the period in which they give birth and mould. This
critical period of survival differs for both seal species. Common seals tend to give birth in the period
from May till July and mould in August. Grey seals give birth in the period from November till January
and mould in March and April. SMCs have potentially the largest effect on Common seals as they will
be in the water in the period from April till November, which overlaps with the period in which the
Common seals give birth and mould. Research on the effects of SMCs on seals has not led to any
observations of negative effects in any type of SMC construction (Kamermans et al., 2008).
Comparable to birds, for seals it is assumed that the interaction between SMCs and seals is related to
activities regarding the installation and use of the SMC and not with the presence of the SMC itself.
These activities include disturbance through silhouette forming of ships and people, above and under
water sound. Although the effects of these activities on seals are not fully understood due to a lack of
knowledge, it may be useful to make a separation in disturbances on shore and disturbances in the
water (Jongbloed et al., 2009).
Litter
SMCs make use of a broad scale of buoys, anchor systems, pipe constructions, ropes and nets.
Extreme weather conditions such as storms but also operational activities may cause materials or
parts of it to come loose and fall of. This macro-litter will remain in the ecosystem for a very long
time, only breaking of in smaller (yet still plastic) elements.
Whilst originally the attention towards litter was mainly focused on the environmental effects of
large plastics in the water, nowadays the focus is more and more on micro-elements of litter.

11

Although sea mammals, birds and fish may not get entangled in this micro-litter, or may use it
directly as a food source, it still chemically acts as a plastic. Besides the chemically toxic nature of the
plastics, they also draw organic pollutants such as DDT derivates and PCB’s towards them (Thompson
et al., 2009). As filter feeders may filter such micro-particles out of the water column, they may end
up in different food webs. In the case of SMCs this could possibly be different from natural growth as
the mussel spat is attached to the SMC higher up in the water column compared to the natural
situation. As water layers may not fully mix there can be different conditions higher in the water
column compared to lower in the water column. Furthermore during the process of harvesting the
mussels are stripped or brushed clean of the ropes and nets. During the removal of the mussels from
the SMC, small frayed particles on which the mussels were attached could come loose so this process
might severely contribute to an important flow of micro-elements into the ecosystem.
Regarding large plastic particles in the water there is no reason to assume that they might be a major
problem due to SMCs. As this problem has been a subject of focus for a longer period the chances of
incidental or operational pollution can be downgraded by making use of already proved safe
materials, constructions and procedures in the marine environment (Jongbloed et al., 2009).
Regarding small plastic particles in the water (micro-litter) there may not be a short term solution. As
the problem of micro-plastics in the marine environment is widespread and gaining more and more
attention, it seems plausible for the sector to find better materials which will be less harmful for the
environment in the long run (Jongbloed et al., 2009).
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1.4 The DEB model
The DEB model that is used for this study is based on the DEB theory by Kooijman (1986, 2000). The
following section will give a further insight in DEB theory and its equations in order to gain a better
understanding of the model and its dynamics. For additional clarification of the mathematical part I
refer to Kooijman (1986, 2000), Pouvreau et al. (2006), Van der Meer (2006) and Rosland et al.
(2009).
Kooijmans basic DEB theory illustrates the functioning of an organism by describing three state
variables; the structural body, measured as volume (V, cm3), reserves, measured as energy (E, J), and
reproduction. DEB theory assumes that ingested food is assimilated and stored as energy in a reserve
pool. A certain part of this energy (κ) is utilized for growth and somatic maintenance. The remaining
energy (1-κ) is used for development and reproduction. This partitioning of energy has caused the
DEB growth model to be called the κ-rule model (Fig. 3). Priority should always go to somatic
maintenance as the organism will die if the energy utilization rate from the reserves is not sufficient.

Figure 3. Schematic representation of the κ-rule DEB model. Part of the ingestion is assimilated, the rest is lost as faeces.
The assimilated products enter the reserve compartment of the organism. A fixed fraction κ of the flux from the reserves is
spent on maintenance, heating (for endotherms) and growth (with a priority for maintenance). The remaining energy 1- κ
goes to maturity (for embryos and juveniles) or reproduction (for adults) and maturity maintenance (Van der Meer, 2006).

The energy ingestion rate in this model is proportional to the organisms surface area V2/3 and is
related to food density, describing a Holling’s type II curve (Holling, 1959):
PX = (pXm) f V2/3, with f = X/(X+Xk)
Where PXm is the maximum ingestion rate per unit surface are (J cm-2 d-1). Specific for filter feeding
shellfish such as M. edulis is the fact that some non-edible particles will be filtered out of the water
column during the process of feeding. These non-edible particles will be rejected by the labial palps
and aggregate as loosely bound mucus before being excreted as pseudofaeces from the exhalant
siphon (Foster-Smith, 1975, Newell, 1989, Smaal, 2009). Although the non-edible particles are
selectively removed from the gills they do have an effect on the functional response rate f. In order
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to take into account the negative impact of inorganic particles on the filtration capacity of M. edulis,
the functional response rate is described with the following equation (Kooijman, 2006; Troost et al.,
2010):
f = X/(K’(Y)+X), in which K’(Y) = Xk(1+(Y/Yk))
The dimensionless function f is the scaled functional response which varies between 0 and 1. Where
X is the available density of food and Y is the concentration of inorganic matter. The last is calculated
by extracting the particulate organic matter (POM) from the total particulate matter (TPM): Y = TPMPOM. Xk and Yk are half saturation constants for respectively food and inorganic matter. This means
that the uptake rate of food is half the maximum uptake rate if the food concentration equals Xk. A
higher Xk will thus result in a lower uptake rate of food at the same food conditions. The opposite is
true for inorganic matter. A higher Yk will result in less inhibition from inorganic matter on the food
uptake rate; and thus a higher functional response. A lower Yk implies that low concentrations of
inorganic matter will restrain the food uptake and thus lower the functional response.
Kooijmans DEB theory assumes that the assimilation efficiency of the ingested food is independent of
feeding rate. Hence the assimilation rate can be described as following:
pA = (pAm) f V2/3
Where pAm is the maximum surface-area-specific assimilation rate (J cm-2 d-1). The assimilated food
now contributes to the energy reserves given the following equation:
dE/dt = pA - pC
Where pC represents the energy utilization rate.
The now stored energy can be allocated to somatic maintenance, growth (κ), maturity and
reproduction (1-κ). Maintenance always has priority over growth, so the organism will stop growing
when food concentrations are low. A growth investment equation can be derived from this energy
allocation rule:
dV/dt = (κ pC – pM)/[EG]
Where pM represents the maintenance cost of the organism (J cm-3 d-1), EG represents the volumespecific cost for its structure (J cm-3) and κ represents the fraction of energy utilization rate used for
somatic maintenance and growth.
The energy utilization rate can be given by the following equation (Kooijman, 2000):
PC = ([E}/([EG] + κ[E])) x ((([EG](PAm)V2/3)/[EM]) + [PM]V)
Where E represents energy density (E = E/V, J cm-3) and EM is the maximum energy density in the
energy reserve pool. By having defined both pA and pM, the full energy dynamics of the reserve pool
can be described.
The transition from juvenile to adult can be described as a change in the organism’s maintenance
rate. A threshold value (Vp) was introduced by Kooijman (2000) to mark the transition between the
two different life stages. Hence Vp is the threshold size of the structural volume where energy shifts
from maturity development to gamete production. The energy dynamics allocated to contribute to
the reproductive buffer (ER) can be described as:
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dER/dt = (1 – κ)pC – ((1 – κ)/ κ) min(VP, V) [pM]
As stated before, somatic maintenance should always be favored over reproduction, yet in case
energy reserves are too low to support the maintenance costs, energy may be withdrawn from the
reproductive buffer through the process of lysis of gonadic tissue. The associated energy dynamics of
the reproductive buffer becomes:
dER/dt = κ pC – pM if κ pC – pM < 0
The structural volume can be obtained using the shell length (L) and the shape coefficient (δm) by
assuming that the organism grows isomorphically:
δV = V1/3/L
The structural volume in this formula can be estimated by assuming that the density of the structural
volume equals 1 g cm-3. Now the last equation, the costs for somatic maintenance, can be formulated
as following (Rosland et al., 2009):
[pM] = κ η OC V-1
Where κ is the fraction of energy allocated to somatic growth, η is a constant used to convert oxygen
to its energetic equivalent (14.3 J mg-1 O2) and V is the structural body volume which can be
calculated from the previous equation (Gnaiger & Forstner, 1983).
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2. Materials & Methods
Filtration experiments
For the filtration experiments a total of 24 mussels have been used, divided in two length classes; 6
mm and 7.5 mm. The juvenile M. edulis have been obtained from the Oosterschelde. Both length
class 6 mm and length class 7.5 mm contained 12 juvenile mussels each. The filtration experiments
have been conducted between the last week of May 2010 and the last week of June 2010. After the
experiments the juvenile mussels have been individually dried for 48 hours at 70 oC. After this the dry
weight could be determined, whereupon the juvenile mussels have been incinerated for four hours
at 540 oC (Van der Hiele, 2007). After the remains had cooled down the ash weight has been
determined. By subtracting the ash weight from the dry weight, the ash-free dry weight can be
calculated. Table 3 shows individual data on length, weight, dry weight and ash-free dry weight of 12
mussels. The remaining 12 mussels have not been used for further calculations as their biometric
data deviated substantially from the 12 mussels in table 3.
Table 3. Biometric dataset of 12 M. edulis that have been used for the filtration experiments. l = length in mm,
w = total wet weight in g, dw mussel = dry weight of animals including shell in g, ash free dw = weight of
organic material (dw mussel – ash weight) and % ash free dw = fraction ash free dry weight of the total wet
weight.

l
6
6
6
6
6
6
7,5
7,5
7,5
7,5
7,5
7,5

w
dw mussel ash free dw % ash free dw
0,0443
0,0178
0,0039
8,80
0,0517
0,0226
0,0046
8,90
0,0517
0,021
0,0043
8,32
0,0527
0,0229
0,0044
8,35
0,0399
0,018
0,003
7,52
0,0472
0,0185
0,0029
6,14
0,0659
0,0272
0,0054
8,19
0,0603
0,0242
0,0046
7,63
0,0733
0,0305
0,0052
7,09
0,0808
0,0318
0,0049
6,06
0,0576
0,0229
0,0032
5,56
0,0672
0,0275
0,004
5,95

In order to quantify the filtration capacity of juvenile mussels from the water, the clearance rate (CR)
can be measured. The clearance rate (CR) is defined as the volume of water cleared from particles
per unit time (Smaal & Widdows, 1994). A number of different methods for assessing CR in bivalves
are available, such as the flow through chamber method, the bio-deposition method, the clearance
method and the suction method (Petersen et al., 2004; Filgueira et al., 2006). In most cases the flowthrough chamber is preferred as it is a very direct way of measuring CR. Main benefits of the flowthrough method are that this method avoids depletion of oxygen and the accumulation of ammonia
as water keeps circulating through the system. Furthermore food supply remains stable for a long
period of time, through which this method can be carried out under relatively steady state conditions
(Smaal & Widdows, 1994).
The flow-through chamber method that has been used for this research consists of six chambers with
a volume of 25 ml. The juvenile mussels were placed in four of the chambers. Each of the four
chambers was filled with six mussels, either from the 6 mm group, or from the 7.5 mm group. The
two remaining chambers acted as a control for the test. After preliminary testing and tweaking of the
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experimental setup, a total of 12 filtration measurements has been conducted. Additionally serial
dilutions of two, four and six mussels per chamber have been made to exclude measurement flaws
related to the number of mussels and precipitation of particles.
A peristaltic pump was used to pump raw seawater into the chambers with a fixed speed of 35 ml
min-1. The clearance rates of the mussels were determined by calculating the difference in particle
concentration between the outflow of the treatments and the outflow of the controls. A Coulter
counter was used to determine the particle concentration for each of the samples. Each sample was
measured with the Coulter counter three times. If all three measurements differed no more than 3%
the measurement was considered valid. If the three measurements exceeded the range of 3% the
sample had to be taken again. Additionally the preferred outflow values should be between 70% and
90% of the inflow value. If the outflow would be higher than 90% of the inflow, there is a certain
chance that the measurement consists of natural variance in the water sample. If the outflow value is
lower than 70% of the inflow value the juvenile mussels are partially filtering already filtered water.
This would blur the outcome of the experiment as the actual filter capacity will be systematically
underestimated.
The filtration experiments that have been conducted for this research may give an insight in the
relationship between body size and clearance rate for juvenile mussels. This relationship is described
by the following allometric equation:
F = a Wb
Where F is the clearance rate in L H-1 and W equals the ash-free dry weight in grams. Both a and b are
organism specific constants. The allometric constant b equals 0.66 (Mohlenberg & Riisgard, 1979;
Riisgard, 2001) or 0.5 (Smaal & Twisk, 1997), so by filling in the formula one is able to calculate the
constant a, which represents a standard filtration per gram of mussel. For adult M. edulis this
constant is estimated at a = 1.5 – 2 L g-1 h-1 (Smaal & Twisk, 1997) and thus a comparison can be
made between constant a = 1.5 – 2 for adult mussels and the calculated constant a for juvenile
mussels. By doing so we can observe if the allometric equation describing the relationship between
body weight and filtration capacity also accounts for juvenile mussels.
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DEB model
The modeling program STELLA v9.0 has been used for this research In order to fully explore the
different functions of the DEB model and its linkage to mussel growth in SMCs. The model outputs
have been analyzed with SPSS v17.0 and Microsoft Office Excel 2003.
Table 4 lists the primary DEB parameters that have been used for this study. The DEB parameters
that have been used for this research are subtracted from former studies on DEB modeling with
Mytilus edulis (Van der Veer et al., 2006a; Rosland et al., 2009b; Troost et al., 2010c).

Table 4. DEB parameters for M. edulis.

Parameters
Assimilation efficiency
Fraction of pC to maintenance and
growth
Half-saturation coefficient food
Half-saturation coefficient inorganic
matter
Max. surface area-specific ingestion rate
Maximum storage density
Shape coefficient
Volume-specific costs for structure
Volume-specific maintenance costs

Symbol
κA

Unit
-

Value
0,75a

κ
XK

µg Chl a L−1

0,45b
1,77b

YK
pXm
Em
δV
Vp
pM

µg Chl a L−1
J cm−2 d−1
J cm−3
J cm−3
J cm−3 d−1

117c
273b
2190a
0,26b
1900a
24a

Additional data sets for water temperature, POM, TPM and CHLa (chlorophyll-a) were taken from
IMARES Oosterschelde records of location Vuilbaart, for the year 2006. Missing data points have
been filled in by means of interpolation as this is required by STELLA. In order for the model to run
for two years, the obtained datasets have been used twice in order to simulate two consecutive
years. The data sets can be considered forcing functions as they affect the internal behaviour of the
organism. Together with the DEB parameters for Mytilus edulis they form the input variables for the
blue mussel DEB model.
The DEB model is initiated at day 150, right after the juvenile mussels have hatched. Day 365
represents the last day of the year so a growth calculation from day 150 to day 730 represents a two
year growth prediction from which the first 150 days are characterized by the initial conditions of the
DEB model. These initial conditions are set at Estructure equal to 0.5, Estorage equal to 0.95 and Ereproduction
equal to 0.95. All existing parameters and variables in the DEB model can be followed over the given
time period. Particular attention will be paid to the effects of Xk and Yk on the growth of juvenile
mussels, as the concentration of food and inorganic matter are strongly variable conditions over time
and space and may be used as important indicators for mussel growth. The model will fluctuate Xk
and Yk 10% in order to gain insight in the power of these variables. The value of 10 % is chosen
arbitrarily as a mean to explore the scope of the variables Xk and Yk. Furthermore field data on the
growth of juvenile M. edulis in SMCs from Kamermans et al. (in prep.) will be used to plot the model
outcomes against. The main focus of the DEB study will be on mussel growth but additionally
environmental factors and internal features such as the mussels energy reserves can be monitored.
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3. Results
3.1 Filtration experiments
Figure 4 shows the average clearance rates of the two sizes of M. edulis that have been used for this
research. The average clearance rate of the mussels with a size of 6 mm was 0.065 L H-1. The average
clearance rate of the mussels with a size of 7.5 mm was 0.126 L H-1.
Clearance rates of two sizes of M. edulis
0,16
0,14
0,12

CR (L/H)

0,1
0,08
0,06
0,04
0,02
0
6mm

7,5mm

Figure 4. Average clearance rates per individual of two sizes of M. edulis.

Figure 5 shows the ash-free dry weight of M. edulis of 6 mm and 7.5mm per individual. The average
ash-free dry weight of mussels of 6 mm is 0.0039 g, whilst the average ash-free dry weight of mussels
of 7.5 mm is 0.0046 g.
Ash-free dry weight of M. edulis
0,012

0,01

weight (g)

0,008

0,006

0,004

0,002

0
6mm

7,5mm

Figure 5. Ash-free dry weight per individual of two sizes of M. edulis.
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As the experiment has been carried out with two size classes of M. edulis the estimation of constant
a can be carried out twice. The allometric constant b has been set at 0.66 and 0.5 for this
experiment, as has been stated before. For the juvenile mussels of 6 mm, F equals on average 0.065 L
H-1 and the average ash-free dry weight is 0.0039 g. If b equals 0.66 the equation becomes:
F = a Wb,
0.065 = a 0.00390.66
After substitution:
a = 2.55 L g-1 h-1
For the mussels of 7.5 mm, F equals on average 0.126 L H-1 and the average ash-free dry weight is
0.0046 g. For M. edulis of 7.5 mm the equation now becomes:
F = a Wb,
0.126 = a 0.00460.66
After substitution:
a = 4.43 L g-1 h-1
If b is set at 0.5, which is more realistic for Oosterschelde conditions (Smaal et al., 2007), the
equation for M. edulis of 6 mm becomes:
F = a Wb,
0.065 = a 0.00390.5
After substitution:
a = 1.05 L g-1 h-1
And for M. edulis of 7.5 mm the equation becomes:
F = a Wb,
0.126 = a 0.00460.5
After substitution:
a = 1.89 L g-1 h-1
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3.2 Model
As has been stated before, the DEB model is initiated at day 150 with a number of forcing functions
(water temperature, POM, TPM and CHLa). The following figures will give a short overview of the
water temperature, chlorophyll a concentration, and the simulated functional response of the
model. Figure 6 shows the water temperature that has been used for this model from day 150 to day
365. The peak in temperature represents July/August.
Water temperature
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Figure 6. Water temperature for the M. edulis DEB model.

Figure 7 shows the concentration of chlorophyll a over time.
Chlorophyll a
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Figure 7. Chlorophyll a concentration (mg L-1) in the water column used for the M. edulis DEB model.
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Figure 8 shows the simulated functional response of a juvenile mussel over time. Noticeable is the
fact that the pattern of the functional response follows the pattern of the chlorophyll a
concentration in figure 7.
functional response
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Figure 8. Simulated functional response of the M. edulis.

Figure 9 shows the simulated energy allocation of the juvenile mussel. After the initiation of the
model the organism starts building up energy reserves. As can be seen from the graph, most energy
is allocated to the structure.
Energy allocation
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figure 9. Simulated energy allocation of M. edulis.
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Figure 10 shows three different growth scenarios for M. edulis in their first year of growth. The
model scenarios start at day 150, which represents the time that the juvenile mussels have hatched.
The scenarios are based on different concentrations of food and inorganic matter, Xk and Yk
respectively. Initial conditions of Xk = 1.77 and Yk = 117 have been used to simulate the normal
scenario. The high and low scenarios have been simulated using a 10 % deviation from these
parameter values. Field data from Kamermans et al. (in prep.) have been plotted as well.
1 year growth predictions of M. edulis for different DEB scenarios
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Figure 10. Growth predictions in terms of total length of M. edulis for three different DEB scenarios. The high
scenario has been simulated for Xk = 1.593 and Yk = 128.7, the normal scenario has been simulated for Xk = 1.77
and Yk = 117 and the low scenario has been simulated for Xk = 1.947 and Yk = 99.3. Additionally field data by
Kamermans et al. (in prep.) have been plotted.

As can be seen in figure 10, for the normal scenario the total length of the juvenile mussels increases
from 0.22 cm to 2.67 cm in the first year. Total length increases to 2.90 cm for the high scenario and
to 2.47 cm for the low scenario. The field data from Kamermans et al. (in prep.) show an increase in
total length to 4.44 cm.
Figure 11 shows the same three growth scenarios as figure 10, but now the total wet weight of M.
edulis in their first year of growth is shown. As can be seen in figure 11 the mussels increase in total
wet weight from almost 0 grams to 0.65 g for the normal scenario. The high scenario predicts an
increase in total wet weight to up to 0.86 g. The low scenario predicts the juvenile mussels to
increase to a total wet weight of 0.50 g after one year.
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1 year growth predictions of M. edulis for different DEB scenarios
1
0,9

Total Wet Weight (gr)

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
150

200

250

300

350

400

day
high scenario

normal scenario

low scenario

Figure 11. Growth predictions in terms of total wet weight of M. edulis for three different DEB scenarios. The
high scenario has been simulated for Xk = 1.593 and Yk = 128.7, the normal scenario has been simulated for Xk =
1.77 and Yk = 117 and the low scenario has been simulated for Xk = 1.947 and Yk = 99.3.

Figure 12 and figure 13 show the same three growth scenarios as before but now for a growth period
of 2 years. The normal scenario predicts the mussels to grow up to a total length of 4.70 cm and a
total wet weight of 3.88 g. The high scenario predicts a total length of 5.14 cm and a total wet weight
of 5.22 g. The low scenario predicts the mussels to have a total length of 4.32 cm and a total wet
weight of 2.95 g after two years of growth. The field data from Kamermans et al. (in prep.) show an
increase in total length to 5.89 cm after 400 days.
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2 year growth predictions of M. edulis for different DEB scenarios
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Figure 12. Growth predictions in terms of total length of M. edulis for three different DEB scenarios. The high
scenario has been simulated for Xk = 1.593 and Yk = 128.7, the normal scenario has been simulated for Xk = 1.77
and Yk = 117 and the low scenario has been simulated for Xk = 1.947 and Yk = 99.3. Additionally field data by
Kamermans et al. (in prep.) have been plotted.

2 year growth predictions of M. edulis for different DEB scenarios
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Figure 13. Growth predictions in terms of total wet weight of M. edulis for three different DEB scenarios. The
high scenario has been simulated for Xk = 1.593 and Yk = 128.7, the normal scenario has been simulated for Xk =
1.77 and Yk = 117 and the low scenario has been simulated for Xk = 1.947 and Yk = 99.3.
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Next to the high, normal, and low growth scenarios, the model was also used to explore the
sensitivity of Xk and Yk. Figures 14 – 17 show the growth predictions in terms of total length and total
wet weight with either Xk or Yk at a fixed value. The non-fixed value is simulated with a 10 %
deviation from the standard. Figure 14 and 15 show a 2 year growth prediction for M. edulis with Yk
fixed at 117 and Xk with a 10 % deviation from the standard. If Xk is set at 1.947 the juvenile mussels
grow to 4.33 cm and 2.97 g. If Xk is set at 1.593 the mussels will grow to 5.13 cm and 5.20 g.
2 year growth predictions for M. edulis for different DEB scenarios
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Figure 14. Growth predictions in terms of total length of M. edulis for three different DEB scenarios with Yk
fixed at 117.

2 year growth prediction of M. edulis for different DEB scenarios
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Figure 15. Growth predictions in terms of total wet weight of M. edulis for three different DEB scenarios with Yk
fixed at 117.
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Figure 16 and 17 show a 2 year growth prediction for M. edulis, now with Xk fixed at 1.77 and Yk with
a 10 % deviation of the standard.
2 year growth predictions for M. edulis for different DEB scenarios
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Figure 16. Growth predictions in terms of total length of M. edulis for three different DEB scenarios with Xk
fixed at 1.77.

2 year growth prediction of M. edulis for different DEB scenarios
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Figure 17. Growth predictions in terms of total wet weight of M. edulis for three different DEB scenarios with Xk
fixed at 1.77.

Noticeable from figure 16 and 17 is the fact that the outcomes of the scenarios barely differ. If Yk
equals 128.7 the mussels grow to 4.71 cm and 3.89 g, whilst with Yk equal to 99.3 the mussels grow
to 4.69 cm and 3.85 g.
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4. Discussion
The filtration experiments that have been conducted for this research can be used to estimate the CR
of a juvenile mussel. The CR of the juvenile mussels of 6 mm is 0.065 L H-1 and the CR of the mussels
of 7.5 mm is 0.126 L H-1 on average. During the test phase of the experiments it became clear that it
was nearly impossible to take measurements on individual mussels themselves. As the Coulter
counter system measures the number of particles in the outflow sample there can always be a
certain variance in the data if the measurement is repeated. This can be due to a change in the
mussels activity, precipitation of algae, differing initial conditions or an inaccurate measurement.
When measuring the individual juvenile mussels it was not possible to distinguish background noise
from actual activity as the variance in the data was very small.
In order to overcome this problem the filtration experiments have been carried out with multiple
juvenile mussels per chamber. Serial dilutions of two, four and six mussels per chamber have been
made to exclude measurement flaws related to the number of mussels and precipitation of particles.
Measuring with multiple juvenile mussels also has a drawback as one can never be sure if all mussels
are actively filtering the water. The best way to exclude this type of error is to perform many replicas
in order for false measurements to stand out.
When looking at the ash-free dry weight per mussel one can see that the juvenile M. edulis of 6 mm
weigh 0.0039 g on average. The ash-free dry weight of juvenile mussels with a size of 7.5 mm equals
0.0046 g (figure 5). Note from the figure that there is a relative high variation within the groups. As
can be observed in the results section, the relationship between body weight and clearance rate has
been determined for both size classes of mussels that have been used for this research. In the
allometric equation F = a Wb, with b equal to 0.66, a is estimated at 2.55 L g-1 h-1 for mussels of 6 mm
and at 4.43 L g-1 h-1 for mussels of 7.5 mm. These values hold the middle between experiments from
Mohlenberg & Riisgard (1979) where a is estimated at 7.45 L g-1 h-1 and more recent studies from
Smaal & Twisk (1997) and Petersen et al. (2004) where a is estimated at 1.5 - 2 L g-1 h-1. If b is set at
0.5 a is estimated at 1.05 L g-1 h-1 for mussels of 6 mm and at 1.89 L g-1 h-1 for mussels of 7.5 mm.
What can be noticed from the outcome of the calculations on the allometric constant a is the rather
large difference between mussels of the different size classes, especially if b equals 0.66. As a is
constant representing a standard filtration per gram of mussel, one would not expect a difference of
1.88 L g-1 h-1 between mussels of 6 mm and mussels of 7.5 mm. While both classes of M. edulis that
have been used for this research vary only 25 % in length, the calculated difference for the constant a
is about 75 %. Subsequently if b is set at 0.5 according to Smaal & Twisk (1997), the difference in CR
between the two groups is much smaller; 0.84 L g-1 h-1. The obtained values for a if b is set at 0.5
seem to correspond much better with recent studies from Smaal & Twisk (1997) and Petersen et al.
(2004). In addition a b value of 0.5 may be more appropriate for this research as this is in line with
Oosterschelde conditions (Smaal & Twisk, 1997). When looking into the filtration data for outliers
with values exceeding three standard deviations, no outliers can be detected from both the
measured filtration as the measured body weights. This might be due to the high value of the
standard deviation as there is still quite some difference between the 12 measurements as can be
seen from the error bars in figure 4 and figure 5. The variety in the data might be due to the fact that
the filtration experiments have been carried out with raw seawater. As the experiments have been
spread out over several days there might be a certain spread in the data due to varying water
conditions.
The modeling part of this study can give an insight in the growth predictions of juvenile M. edulis in
SMCs. Figure 6 and 7 show two forcing functions of the DEB model water temperature (figure 6) and
chlorophyll a concentration (figure 7). The scaled functional response (figure 8) follows the pattern of
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the chlorophyll concentration, which makes sense as high food concentrations mean a high food
uptake. Figure 9 shows the internal energy allocation of the juvenile M. edulis. From the graph can be
seen that energy reserves for storage, structure and reproduction are being build up over time.
Figure 10 – 13 show for three DEB scenarios the growth predictions for juvenile mussels in terms of
total length and total wet weight. Clearly visible in these graphs is the seasonal trend in the growth
predictions. Especially figure 12 and figure 13 show a slowing growth in the periods from day 350 to
450 and from 650 onwards. Note that these periods represent the winter season in the Netherlands
(see figure 6). Whilst the mussels growth predictions slow down during the winter seasons, the
increase in length and total weight is evident in warmer months. The juvenile mussel DEB model
shows a growth from 0.22 cm to 2.67 cm in the first year for a normal scenario an increase of 2.45
cm (figure 10). Additionally a total weight increase of 0.65 g is predicted by the DEB model for the
same conditions. The model predicts the juvenile M. edulis to grow from 0 g to 0.65 g in the first year
(figure 11). Furthermore a two-year prediction of the mussel growth is given in figure 12 and figure
13. These figures illustrate how the juvenile mussel DEB model can be used as additional input for
the prognosis of coming harvests. With the right environmental input variables and extensive
tweaking of the functional response the model is able to predict a detailed view on the juvenile
mussels development and its internal energy allocation (figure 9).
As can be observed in figure 10 and figure 12 there is a huge difference when comparing the model
predictions with the field data by Kamermans et al. (in prep.). In the beginning the field data show a
slower growth rate than the DEB model but after approximately 220 days the growth rates are equal
(see figure 10). After day 220 the juvenile mussels from the field study grow much faster than the
predicted growth by the DEB model, as is shown by the exponential shape of the growth curve from
the field data. The huge difference in growth curves can be explained by the growth conditions of the
mussels. The field study by Kamermans et al. start with over 55.000.000 individuals m-2 after which
the number of individuals decreases rapidly with an increasing growth. At day 220 the number of
individuals has already decreased to about 1.900.000 juveniles. This means that 96,5 % of the
individuals has already died after just 70 days. At the end of the field study on average only 121,3
from the original 55.000.000 individuals m-2 are present at the SMC. The field data from Kamermans
et al. indicate density dependent growth on SMCs which makes it hard to compare these data with
the model study. The M. edulis DEB model only considers a single organism which explains the faster
growth at the beginning. Food uptake in the DEB model is not restraint by millions of other
individuals that filter the same water. Therefore the growth rate in the DEB model is higher in the
beginning compared to the growth rate from the field study. As the number of individuals in the SMC
start to decrease, the growth rate starts to increase and from day 220 the growth rate of the field
study is higher than the modeled growth rate. Additionally the field study does not show the same
seasonal trend that can be observed in the model study.
The 10% variability in Xk and Yk that is used to predict the high and low scenarios for mussel growth
give an insight in the sensitivity of these half-saturation coefficients on the functional response. For
the two-year growth prognosis the mussels are predicted to grow up to 4.7 cm and 3.88 g for the
normal scenario. The high scenario predicts the mussels to grow to a total length of 5.14 cm and a
total wet weight of 5.22 g (figure 12 and figure 13). Additionally the high scenario predicts a length
increase of 9 % compared to the normal scenario and a weight increase of 35 %. The low scenario
predicts the juvenile M. edulis to grow to 4.32 cm in total length and gain a total wet weight of 2.95
g. This is a decrease of 8 % in total length and a decrease of 24 % in total wet weight compared to the
normal scenario. These differences can be used to express the effect of Xk and Yk on the functional
response as they are relative measures. Noticeable is the fact that the 10 % variance in Xk and Yk
results in an almost even distribution of the total length (a 9 % increase vs. an 8 % decrease) but
when looking at the total wet weight a discrepancy can be observed. First, the distribution around
the total wet weight of the normal scenario is much larger compared to the distribution of the total
length. Second, the distribution around the normal total wet weight is not evenly weighted. This
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implies that high and low scenarios have a relative larger impact on the total wet weight than on the
total length. This makes sense in a logical way as the juvenile mussel will build up fat reserves in good
times which can be used in times when food is more scarce. Additionally the uneven distribution of
the total wet weight implies that the juvenile mussel increases more in total wet weight when
conditions are favorable (Xk = 1.593 and Yk = 128.7) compared to the decrease in total wet weight
when conditions are poorer (Xk = 1.947 and Yk = 99.3). Striking is the huge gap in weight when
compared to the difference in total length. While the different scenarios predict a length range of
4.32 - 5.14 cm, the total wet weight ranges surprisingly from 2.95 - 5.22 g. It is not the difference
with the total length but mainly the difference between the low and high scenario itself that stands
out. Based on the juvenile mussel DEB model the total wet weight of the juvenile M. edulis proves to
be a more sensitive indicator than its total length. As has been stated before this does make sense as
the mussel will build up fat reserves when food availability is sufficient so that enough energy is
available when conditions become less favorable. The mussels total length will obviously vary less
compared to its weight, however it is the magnitude of the variance in total wet weight described by
the DEB model, that indicates the sensitivity of this variable for changes in concentrations of food
and inorganic matter (Xk and Yk).
Regarding the sensitivity of parameters Xk and Yk figures 14 – 17 should be considered. A striking
difference is the fact that the growth predictions of M. edulis are almost the same for all scenarios if
Yk is fluctuated (figure 16 & 17), while the scenario outcomes differ severely if Xk is fluctuated (figure
14 & 15). Judging from this Xk can be considered the dominant parameter over Yk as only Xk seems to
affect the course of the growth scenarios . All scenarios with Yk fluctuating are roughly equal to the
middle scenarios with a varying Xk. A high Xk scenario results in a lower total length and a lower total
wet weight than all Yk scenarios whilst a low Xk scenario results in a higher total length and a higher
total wet weight than all Yk scenarios. It could be the case that Yk has a stronger effect on mussel
growth with stronger fluctuations, as the 10 % fluctuation value has been chosen arbitrarily. It can be
concluded from this study that particularly Xk seems to affect the growth of juvenile M. edulis, hence
the huge difference in total wet weight if Xk is fluctuated.
Obviously modeling studies may have major weaknesses when being used to predict future
quantities. The juvenile mussel DEB model describes the internal performance of an individual
juvenile mussel based on parameters and input variables. Certain external factors such as predation,
density dependency and diseases are disregarded by the model as only the internal behavior is
described, hence the discrepancy with the field data from Kamermans. When extrapolating individual
mussel growth to a full-scale SMC harvest these factors must be taken into account in order not to
overestimate the production. One must be cautious of both the possibilities and limitations of using a
DEB model.
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5. Conclusion
The filtration experiments on M. edulis have resulted in a measured CR of 0.065 L H-1 for mussels of 6
mm and a CR of 0.126 L H-1 for mussels of 7.5 mm, measured under a constant flow of 35 ml min-1.
The measured filtration together with the mussels ash-free dry weight can be substituted in the
allometric relationship F = a Wb in order to estimate constant a. When taking a b value of 0.66, for
mussels of 6 mm, a equals 2.55 L g-1 h-1 whilst for mussels of 7.5 mm, a equals 4.43 L g-1 h-1. When
taking a b value of 0.5, for mussels of 6 mm, a equals 1.05 L g-1 h-1 whilst for mussels of 7.5 mm, a
equals 1.89 L g-1 h-1. The estimated value a of 4.43 (b = 0.66) for mussels of 7.5 mm stands out as this
is a factor two higher than values presented in recent literature, where a is estimated at 1.5 – 2 L g-1
h-1. Therefore a b value of 0.5 seems to fit this research better as the calculated value for a
corresponds better with recent literature.
The modeling study on M. edulis has resulted in a useful and profound DEB model for juvenile M.
edulis, capable of describing its functioning based on its body volume and energy reserves. From
these two state variables additional characteristics such as the mussels total length and total wet
weight can be derived. The DEB model predicts the juvenile mussels to grow to 2.67 cm and 0.65 g in
the first year and to 4.70 cm and 3.88 g in the second year. Modeled growth from the DEB model is
difficult to compare with measured data from field studies as density dependent growth is not
incorporated. Modeled variances in the concentration of food and inorganic matter (Xk and Yk)
provides the growth estimations with high and low scenarios. What can be observed from these
scenarios is that they mainly affect the total wet weight of the juvenile mussel, when compared to
the differences in total length. This indicates that the total wet weight is more susceptible for
changes in concentrations of food and inorganic matter and may therefore be a more sensitive
indicator for SMC harvest prognoses. When fixating either Xk or Yk and fluctuating the other, the
sensitivity of mussel growth with respect to these two parameters can be observed. Xk is the
dominant parameter over Yk as Xk has the most impact on the juvenile M. edulis growth scenarios.
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7. Appendix
7.1 Filtration data on juvenile M. edulis.
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7.2 Field data on juvenile M. edulis
Adapted from Kamermans (in prep.).
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