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Chapter 1 

 

Introduction 

 

 

 
Population dynamics and Wadden Sea bivalves 

 

Population ecology is the study of population sizes and of the processes that 

determine these sizes (Begon et al. 1996). Population size changes by mortality or 

reproduction. Processes that can affect survival and reproductive success are, for 

example, resource availability, climate, diseases or predation, which effects can 

carry through via altered demographics (age structure or sex ratio). Investigating 

population dynamics is both academically fascinating and essentially important 

for conservation purposes (e.g. Armbruster and Lande 1993). Man induced pop-

ulation changes occur among other reasons through hunting or fisheries, and 

manipulation of habitats and resource availability (Ravera 1991).  

The Wadden Sea is suited for studying marine population dynamics, be- 

cause it is home to a comparably low number of species, with high numbers of 

individuals (Beukema 1976). As the world’s largest uninterrupted system of in- 

tertidal flats, the Wadden Sea has recently received the world heritage status of 

 

 

 
 

Fig. 1.1 Long-term changes of three bivalve populations at Balgzand in the Dutch 

Wadden Sea. a) Cerastoderma edule, b) Mya arenaria, c) Macoma balthica (Rob Dekker, 

pers. comm.). AFDW=ash-free dry weight.  
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the UNESCO. It is ecologically relevant beyond its geographic extension, 

because it functions as a stopover for migrating birds (van de Kam et al. 2004), 

and as a nursery ground for North Sea fish (van der Veer et al. 2001). Bivalves 

are a major component of this ecosystem; they usually comprise more than 50% 

of the biomass of the macrozoobenthos in the Wadden Sea (Beukema 1992a). 

Bivalves are also suitable for studying population dynamics, because their shells 

make age and growth determination possible, and they are quite hardy in 

experiments. Long-term observations (Beukema 1982) show that big year-to-year 

changes in bivalve abundance are the rule (Fig. 1.1 a). However, there are also 

long-term trends and changes which ask for research. In the past decades the 

share of the gaper clam Mya arenaria has increased (Fig. 1.1 b). New species, the 

razor clam Ensis americanus (Armonies and Reise 1999) and the Pacific Oyster 

Crassostrea gigas (Diederich et al. 2005), have been accidentally introduced. 

Mussels Mytilus edulis (Beukema 1993) and cockles Cerastoderma edule (Kraan 

et al. 2007) have been fished, and Baltic tellin Macoma balthica records are on 

their all-time low in the Western Wadden Sea (Fig. 1.1 c).  

 

Population dynamics are determined by recruitment success 

 

In many marine animal populations, the survival of juveniles is commonly deci-

sive for population dynamics (Ólafsson et al. 1994). Early in life the mortality is 

high and variable, and after that the relative strength of an age class is more or 

less set, it decreases through a rather constant mortality, but does not change 

dramatically. The stage at which survivors of the youngest age group are regarded 

to be added to a population is called recruitment. The exact time is arbitrarily 

defined and involves practical reasons. For fish this is often when they become 

available for fisheries, but can also refer to a distinct biological phase, for exam-

ple when they move to a different habitat. Bivalves in the Wadden Sea are usually 

termed “recruits” when they are retained on a 1 mm sieve at sampling in the end 

of the summer (Strasser et al. 2003), but sometimes after the first winter (van der 

Meer et al. 2001). The number of adult bivalves strongly correlates with their 

number as recruits observed in the first summer (Fig. 1.2 a). Conversely, there is 

no proportional increase of the number of offspring with increasing parent stock 

(Fig. 1.2 b). Juvenile mortality typically leads to asymptotic stock-recruitment 

curves. The numbers of parents in the gametes producing stock do not determine 

the numbers in the new generation the following year (van der Meer et al. 2001). 

The apparent lack of a stock-recruitment relationship is the central problem of 

fisheries science (Cushing 1996). Many fish and bivalve species spawn in excess, 
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this acts as an insurance against unpredictable dramatic events (Fuiman and Wer-

ner 2002). But then why do we not see huge year classes more often? Somewhere 

between larval phase and recruitment strong mortality takes place. The scattered 

observations about a horizontal line were often interpreted as lack of relationship, 

whereas it is evidence of strong density dependence worth consideration (Shep-

herd and Cushing 1980). There is still not sufficient understanding of how and 

when the magnitude of bivalve recruitment is determined.  

 

 

 
 

Fig. 1.2 a) Recruitment-stock relationship, b) stock-recruitment relationship of Macoma 

balthica at Balgzand in the Dutch Wadden Sea 1973-2005 (Rob Dekker and Jan Drent, 

pers. comm.).  

 

 

Recruitment success is influenced by predation 

 

Unusual events can teach us a lot about the processes that usually take place. 

From exceptional years in which recruitment was very good, we know that pre-

dation plays a big role in pre-recruit mortality. Good recruitment of several 

bivalve species all over the Wadden Sea was typically observed after cold winters 

(Beukema 1982, Jensen and Jensen 1985). After cold winters, the abundances of 

their crustacean predators, shrimp (Crangon crangon) and crabs (Carcinus 

maenas), increase later and stay lower than after mild winters (Beukema 1991, 

1992b). Field experiments confirmed differential predation being the major rea-

son behind the winter effect on bivalve recruitment (Strasser 2002). The 

importance of predation is further backed by the evolvement of predation 
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avoiding migration behavior in Macoma balthica (Hiddink et al. 2002). Predation 

on pre-recruits has been found relevant for other marine taxa, from sessile 

invertebrates (Osman and Whitlatch 2004) to flatfish (van der Veer and Bergman 

1987). 

 

Predation is influenced by prey size 

 

The advantageous effect of the delayed shrimp arrival after cold winters is 

thought to act via body size (Strasser 2002). Most of the young bivalves are 

already too big to be consumed by the predators at the time they meet. After mild 

winters, when the crustaceans arrive earlier, the bivalves are still well within or 

below the preferred size range of the predators. This has been concluded from 

observations of recruit size distributions, which were shaped differently between 

contrasting years (Strasser 2002). These observations asked for studying the role 

of body size explicitly. 

Body size is fundamental to predation risk (Kerfoot and Sih 1987). Pred-

ators can only ingest prey up to a certain maximum size (Nilsson and Bronmark 

2000). Below that size, they may choose their prey according to energetic profit-

ability (Krebs and Davies 1981) or to avoid damage of their feeding apparatus 

(Hummel et al. 2011, Smallegange and van der Meer 2003). In prey organisms 

the ability to hide (Gibson and Robb 1992), escape (Schmidt et al. 2008) or 

defend against predation (Tollrian 1995) changes with body size. Thus, different 

sized prey have a different risk of mortality. Size-selective predation is wide-

spread and important for almost all animal taxa studied (Fryxell and Lundberg 

1998). While typical terrestrial taxa such as holometabolic insects or birds reach a 

final body size early in life (Kooijman 2000), indeterminate growth is common 

among aquatic and marine taxa, such as mollusks and fish (Kozlowski 1996). As 

a consequence, marine predators and prey may co-occur over a large range of 

possible body size ratios during their lives.  

 

Prey size is influenced by life history traits 

 

Life history theory is concerned with strategies that increase the number of sur-

viving offspring via scheduling of and investment in processes and events of the 

life cycle, such as development, number of offspring, parental care and reproduc-

tive lifespan (Stearns 1992). Two life history traits in particular, namely individ-

ual growth and timing of annual reproduction (e.g. Kooi and van der Meer 2010), 
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can influence the sizes of Wadden Sea bivalves at the time they encounter their 

crustacean predators.  

 

Timing of life history events 

Phenology is the timing of life history events depending on seasonal and interan-

nual climate variations. For important events such as reproduction, migration or 

hiatus, the timing is essential. Temperature often functions as a cue to good cir-

cumstances, such as food availability. When different species react to changing 

cues in different ways, their interactions may be altered, because they encounter 

at different stages (Yang and Rudolf 2010). One example of this became famous 

through the documentary “An inconvenient truth” about effects of climate 

change: Caterpillar abundances in the Netherlands peak earlier and earlier in the 

year with increasing spring temperatures, but their bird predators, migratory great 

tits (Parus major), at their wintering grounds do not have knowledge of local 

temperatures when they decide to return to their breeding habitat in the 

Netherlands (Visser et al. 2004). As a result, the chicks now hatch mainly after 

the caterpillars pupate (Fig. 1.3). Consequences may be reduced hatchling 

survival, increased predation pressure on alternative prey, and limited control of 

the caterpillar population.  

In the Wadden Sea, bivalve spawning is triggered by water temperature 

in spring (Drent 2004). This is usually a good indicator of algal food availability. 

In contrast, winter temperature decides when their crustacean predators arrive 

 

 
Fig. 1.3 Example how phenology affects stage-dependent species interactions. Warming 

climate promotes earlier appearance of caterpillars, an important food item of newly 

hatched great tits. Hatching of great tits however does not advance in time, because the 

adults have no information of the local environment at the time they decide to migrate 

from their wintering to their breeding grounds. They miss the time of highest caterpillar 

availability. Curves are scaled to the respective maximum. Adapted after Visser et al. 

(2006). 
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back from their winter retreat in the deeper North Sea and reproduce (Beukema 

1991, 1992b). Therefore, although spring and winter temperature may be corre- 

lated, the relative timing of predators and prey varies between years (Strasser and 

Günther 2001). Yet, what that means for the body sizes that actually encounter 

had not been studied explicitly yet. This becomes especially important since cold 

winters are getting rare. 

 

Individual growth rates 

Most obviously body growth rate influences body size trajectories over time. 

Together with the timing of reproduction, growth rates will determine the dura-

tion of susceptibility to predation (Ebenman and Person 1988). Cerastoderma 

edule in Ireland for example experience high mortality during their whole life, 

they reproduce early and then grow rapidly. Modiolus modiolus in the same area 

suffer intense predation early in life, but after escaping further predation by 

growing large, they reproduce at slower growth rates and live long (Seed and 

Brown 1978). These “strategies” are the result of natural selection. In the past 

decades, man selected for lower growth rates in fish, because larger mesh sizes 

were used in fisheries with the aim to reduce overfishing (Nussle et al. 2011). 

Conversely, selection for small prey should promote fast growth. The investment 

in the best tactic is constrained within the energetic possibilities. Rapid growth 

was accompanied by increased susceptibility to predation in the fish Menidia 

menidia, this was explained with decreased physiological performance through 

the costs of rapid growth (Munch and Conover 2003). In larval Japanese anchovy 

(Engraulis japonicas) not only size-selective, but among individuals of the same 

size also growth-selective predation has been found, probably because a bad con-

dition causes bad growth and at the same time ineffectiveness of antipredation 

behavior (Takasuka et al. 2003). Infaunal bivalves that feed at the sediment-water 

interface have to pay the predation avoiding effect of deep burrowing with 

reduced food intake (de Goeij and Luttikhuizen 1998). To investigate individual 

growth rates, either the age of the animals must be determined, or they must be 

marked. Both are difficult in the very small juvenile stage of bivalves, so it is 

hard to decide how far the observed size distributions are the result of selective 

mortality and for what part they are due individual growth rate variation. Individ-

ual chemical marking methods are now available (Moran 2000) that can be 

applied to disentangle these two factors, so that growth can be explicitly included 

when studying size-selective predation. 
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Predation is influenced by prey density 

 

Prey size affects predation rates, among other reasons by influencing the time it 

takes to find and handle prey. The relative importance of these two components 

of the predation process depends on prey density. At low prey density, it takes 

longer to find prey than at high density. At very high prey density, when it is very 

easy to find prey, the time that it costs to consume a prey will limit predation 

rates. Accordingly, the effect of body size or of predation avoiding features on 

consumption rates cannot be considered independently of prey density (Aljetjawi 

et al. 2004, McCoy and Bolker 2008). The functional response expresses how 

predation rates change with density (Holling 1966). For a foraging predator, the 

functional response can in principle have two shapes. A hyperbolic form means 

high per capita mortality risk at low prey densities and decreasing risk with 

higher densities (Fig. 1.4). This has a destabilizing effect on the prey population. 

Or the functional response can have a sigmoid form, for which per capita mortal-

ity is highest at an intermediate density and becomes lower also at lower densities 

(Hassel 1979).  

 

 
Fig. 1.4 The functional response describes how the predation rate depends on prey den-

sity. For a predator foraging by searching, it can in principle have two shapes. Both reach 

an asymptote at high densities, when predation is limited by handling time. Prey find a 

refuge at low density when a predator is unmotivated to search at a low reward rate (sig-

moid shape). 
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As explained earlier, the lack of a stock-recruitment relationship implies 

that mortality must be density-dependent somewhere in the period from spawning 

until recruitment. Although the sigmoid functional response provides a low den-

sity refuge, it is unlikely that it alone is responsible for the uncoupling of recruit 

ment from reproductive stock size, as this would mean that the reversal point 

would have to be at a very high density. A predation behavior that equalizes prey 

density in space would be the aggregative response, which means that predators 

move to places with high prey density (Charnov 1976, Cummings 1997). Of 

course, there are also potential sources of density-dependent mortality other than 

predation, such as competition or diseases.  

 

Aims, approach and overview of thesis 

 

Size dependence of predation on young bivalves and its interplay with seasonal 

timing, early growth and density is the central theme of this thesis. The overall 

question is: can predation by shrimp explain the mortality patterns of young 

bivalves in the Wadden Sea? The main aims were to detect size and density 

dependence of mortality in the field, to find out how variable predator and prey 

size ratios are with varying conditions, to obtain early growth rates, and to quan-

tify how predation rates change with prey size and density. The focus is on the 

pre-recruit, but post-settlement period of the bivalve species Macoma balthica 

and Cerastoderma edule; two chapters deal with M. balthica exclusively, and one 

also includes Mya arenaria. They are all infaunal intertidal bivalve species with a 

pelagic larval phase. 

It is good to tackle a research question with several approaches, from 

emphasis on investigating the most natural situation to getting the best grip on 

mechanisms. Field observations will give the most realistic results, but the pro-

cesses that led to the observed patterns can often not be identified. In field 

experiments, under mainly natural conditions certain processes are manipulated, 

but other aspects cannot be controlled. In laboratory experiments, processes can 

be investigated in isolation, but they may not be relevant or behave the same way 

in the field. Modeling offers most control and understanding, and makes it possi-

ble to study hypothetical scenarios. Unrealistic results help to explore what else is 

needed to understand the situation outside. All these different approaches together 

are needed, because every one on its own only tells a part of the story and no one 

of them is controlled and natural enough at the same time (Underwood et al 2000, 

Virnstein 1980). 
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In chapter 2 we model M. balthica growth rates and size selection by shrimp on 

the basis of several years of field observations of pre-recruit bivalve and shrimp 

size distributions. Different combinations of growth rates with size preferences by 

shrimp or size-independent mortality are analyzed to see which parameter 

combination leads to similar bivalve sizes as observed. The main question is 

whether size selectivity by shrimp is able and necessary to reproduce the 

observed bivalve size distributions.  

In chapter 3 we investigate growth and size selectivity of loss of newly 

settled bivalves with field experiments. Field sites in two distant regions of the 

Wadden Sea are chosen to get different growth and timing conditions and preda-

tor regimes. Exclosure cages are used to manipulate predator access. Bivalves are 

stained with a fluorescent dye to disentangle growth and size-selective loss. The 

main aims are to obtain individual growth rates for the fragile early life stage of 

bivalves, and to detect size-selective loss.  

In chapter 4 we compile field observations of young bivalves and crusta-

ceans from several years from two Wadden Sea regions. The main aim is to 

examine how the time lag between predators and prey and their resulting size 

ratios differ between years, regions and species.  

In chapter 5 we carry out aquarium experiments on the functional 

response of shrimp foraging on different densities and sizes of M. balthica. The 

main aims are to determine the shape of density dependence, to estimate feeding 

rates, and to find out how much difference a larger body size makes for bivalve 

prey survival. 

In chapter 6 we analyze observations of pre-recruit densities concerning 

density-dependent mortality. Simulations are used to account for measurement 

and process error. The main aim is to detect if and when density dependence of 

mortality in the pre-recruit phase occurs.  

In chapter 7 the conclusions from the previous chapters are brought 

together, discussed, and compared to other research. The main aims are to estab-

lish their relevance to our understanding of bivalve recruitment, and to pinpoint 

directions for further research.  
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Chapter 2 

 

Size-selective predation mortality and growth 

rates of 0-group bivalves Macoma balthica 

modeled from size distributions  

 
Henrike Andresen, Rob Dekker, Jaap van der Meer 

 

 

 
Abstract 

 

We simulated growth and size-selective predation mortality of juvenile Wadden 

Sea bivalves, predicted size distributions of prey Macoma balthica shaped by 

their predators Crangon crangon (Brown shrimp), and compared these predic-

tions with observations in the field. Under the assumption that all mortality is 

caused by shrimp, size-selective predation could explain bivalve size structure in 

several cases with quite realistic and consistent prey choice functions. In about 

half of the 14 studied time periods, bivalve size structures could not be repro-

duced by selective shrimp predation, but unselective mortality never led to a reli-

able fit of the field data. We conclude that size-dependent abundance changes are 

the rule in the early life of these bivalves. Though other size-dependent processes 

such as migrations can affect local abundances, the support for shrimp predation 

being a major determinant of young M. balthica abundance and size distribution 

of the survivors is strong.  
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Introduction 

 

Body size is crucial to predator–prey interactions (Brooks and Dodson 1965). 

Prey capture and handling success depend on the sizes of both predator and prey 

(Claessen et al. 2002). As predation mortality depends on body size, predators 

can affect the size structure of their prey population (Rice et al. 1993, Sparevik 

and Leonardson 1999).  

Predation by crustaceans is considered to play an important role in the re-

cruitment success of bivalves in the Wadden Sea (Beukema et al. 2005, Hiddink 

et al. 2002, Strasser 2002). Relative timing of peak crustacean and bivalve settler 

abundances varies between years (Philippart et al. 2003, Strasser and Günther 

2001), so that different predator and prey body sizes may encounter over time 

each year. Differences in bivalve size distributions between years at the time of 

recruitment in August have been observed (Strasser et al. 2001), and are possibly 

due to selective predation. Yet, up till now predator and prey size structures have 

not been brought together analytically. 

We investigate the predator-prey relationship of young infaunal bivalves 

Macoma balthica (Baltic tellin) and their most abundant epifaunal predators 

Crangon crangon (Brown shrimp). Field observations of their size distributions 

over time in the Wadden Sea were the starting point of a simulation study. We 

analyzed what combinations of bivalve growth rates and size selection by the 

predators would be able to bring about the observed changes in bivalve size dis-

tributions. The outcomes of a model version assuming that all mortality was 

caused by size-selective predation by shrimp are compared to a version that as-

sumes unselective mortality. Size-related mortality can also occur through pro-

cesses other than predation (Green et al. 2004). If the estimated prey preference 

by shrimp turns out to be very variable between study periods or has to be unre-

alistic to achieve a good fit, then other processes must dominate over predation in 

determining bivalve size distribution and mortality.  

Individual-based models are useful to evaluate whether effects of indi-

vidual variability need to be considered in understanding year class variation, or 

whether an approach based on averages is already sufficient (Rice et al. 1993). 

Studies conducted in relation to fisheries research (e.g. Paradis and Pepin 2001) 

and also in systems with invertebrate prey (e.g. Sparevik and Leonardson 1999) 

show the necessity of including size structure in studies of early mortality. The 

aim of the present study is to determine how dominant size-selective predation by 

shrimp is in shaping the size distribution of the surviving young M. balthica. 
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Material and Methods 

 

Data 

Study site and temporal sampling design: Bivalves and crustaceans were sampled 

during low tide at the Balgzand tidal flats in the westernmost part of the Dutch 

Wadden Sea, at a site about 10 cm above mean sea level. Sampling took place in 

the years 1994 to 1998, at several occasions between May and November, the 

crucial phase determining Macoma balthica recruitment. See Tables 2.1 and 2.2 

for the exact sampling dates each year for crustaceans and bivalves, respectively. 

Within these five years of field data, 14 periods occurred in which bivalve density 

decreased and shrimp observations were available. 

 

Bivalve sampling: Bivalve samples were taken haphazardly within a plot of  

100 m
2
. Sampling area was adapted to decreasing bivalve densities by changing 

the number of samples taken at a sampling event (three to ten), as well as the 

number of cores pooled per sample (two to ten), and corer area (27 or 90 cm
2
). 

Table 2.1 gives details of the total sampling area per date, and the number of M. 

balthica individuals found. Sampling depth was 8 cm in 1994 and 5 cm in later 

years. Samples were sieved in the lab over 300 µm mesh screen, only in 1998 a 

150 µm sieve was used. At some occasions additional larger samples were taken, 

to a depth of 15 cm and sieved over larger mesh (1 mm), to get a better chance of 

catching the largest of the young bivalves, which occur in lower densities. The 

abundance estimates of the bivalves that are retained on a 1 mm sieve come from 

both the standard and the large samples; this gave smoother size-frequency distri-

butions. The abundance they would have had in the area of the standard samples 

was calculated, because scaling the number of individuals up to a larger area 

would lead to a seemingly high accuracy of the subsequent statistical test. Bi-

valves were sorted live or preserved in 4% formalin in buffered seawater. Shell 

lengths were measured with 100 µm accuracy. 

 

Crustacean sampling: Shrimp were sampled in four 10 m long transects just out-

side the 10x10 m
2
 bivalve plot. Each time, 40 cores of each 90 cm

2
 area were 

taken, adding up to a total sampling area of 0.36 m
2
. Sampling depth was ca.  

5 cm, and samples were sieved in the field over 1 mm mesh screen. Crangon 

crangon were sorted out live in the lab and their length measured from telson to 

scaphocerite to the nearest mm.  
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Table 2.1 Bivalve sampling dates, number of individuals and total sampling area per date. 

    1994 1995 1996   1997 1998  

May 

 

Date 

n  

Area (cm
2
) 

  
22

nd
 

87 

807 

    
21

st
 

391 

672 

13
th
 

42 

403 

28
th
 

11 

403 

Jun Date 

n  

Area (cm
2
) 

23
rd

 

63 

644 

27
th
 

27 

807 

13
th
 

142 

1340 

  18
th
 

125 

403 

  

Jul Date 

n  

Area (cm
2
) 

19
th
 

57 

1076 

24
th
 

19 

807 

3
rd 

234 

2687 

16
th
 

54 

2687 

29
th (1) 

63 

672 

16
th
 

143 

538 

   

Aug Date 

n  

Area (cm
2
) 

  22
nd

 

57 

5400 

    28
th
 

77 

538 

   

Sep Date 

n  

Area (cm
2
) 

19
th
 

41 

1076 

21
st
 

36 

2700 

10
th
 

24 

540 

  15
th
 

72 

672 

   

Oct Date 

n 

Area (cm
2
) 

    9
th

*
 

30 

403 

       

Nov Date 

n  

Area (cm
2
) 

    26
th
 

305 

10200 

       

(1) 
No density decrease towards this sampling event. 

 

 

Model 

Simulations were carried out to find out which combination of bivalve growth 

rate and prey choice by shrimp could best predict the observed change in M. 

balthica size distribution. Random encounters between the observed predators 

and the observed initial bivalve prey were simulated, and a preference curve by 

the predator decided on the outcome of the encounter - consumption by the 

shrimp or survival of the bivalve. Mortality events and growth periods were alter-

nated, so they were spread evenly over the time period, until the prey numbers 

were reduced to the abundance observed at the end of a time period. The resulting 

size distributions were compared to the field distributions by Kolmogorov-

Smirnov tests (Zar 1999). The steps of the procedure are explained in more detail 

below and are illustrated in Fig. 2.1. 
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Exponential growth was assumed for the bivalve, with a single mean in-

stantaneous growth rate parameter. On top of this average rate, for each period 

and for each individual a small randomly chosen and normally distributed growth 

variation was added with a standard deviation of 0.15 times the mean growth rate. 

Prior analyses showed that such growth variation gives a natural looking size 

distribution and that the results are quite robust to the amount of growth rate vari-

ation. Growth created much smaller size increments in the simulations than the 

measurement accuracy in the observed data had been. For this reason, bivalve 

lengths were drawn from a uniform distribution within 0.1 mm of the measure-

ments.  

The predator-prey encounter rate was scaled to predator body size. The 

searching rate as well as the width of the searched area scales with predator 

length, thus the encounter rate scales with squared predator length (Kooijman 

2000). The body size of the small bivalve prey was considered negligible for 

scaling the probability of predator-prey encounters. For all predator sizes, selec-

tion takes place on the basis of predator/prey length ratio. For a given predator 

size, it has been suggested that the chance that a prey encounter results in a kill 

should be a dome-shaped function of prey body size. (Lundvall et al. 1999). We 

used the normal curve as the shape of the preference curve. The preference curve 

 

 

Table 2.2 Shrimp sampling dates and density. Total sampling area per date was always 

0.36 m
2
. 

    1994 1995 1996 1997 1998 

May Date 

Density/m
2 

       
13

th
  

54 

Jun Date 

Density/m
2
 

30
th

  

25 

12
th

  

56 

26
th

  

72 

5
th

   

51 

  

Jul Date 

Density/m
2
 

  12
th

  

31 

16
th

  

78 

2
nd

 and 31
st
  

111 and 38 

  

Aug Date 

Density/m
2
 

23
rd

  

36 

9
th 

117  

22
nd

  

3 

25
th

  

77 

  

Sep Date 

Density/m
2
 

  5
th

  

59 

       

Oct Date 

Density/m
2
 

    9
th

  

36 

    

Nov Date 

Density/m
2
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gives the probability that an encounter results in prey death as a function of rela-

tive prey length. The maximum value is obtained at the preferred relative prey 

length. The standard deviation was chosen to be 1/3 of the preferred relative prey 

length. If the predators were not able to reduce the prey to the target abundance 

through their prey choice after 5000 encounters, the simulation was terminated. 

For the case of unselective mortality, the bivalves to be removed from the cohort 

were drawn randomly. After a bivalve was removed from the cohort, the remain-

ing bivalves grow.  

When the bivalves were reduced to the final abundance, the simulated 

size distribution resulting from the respective parameter combination of growth 

rate and preferred relative prey length was compared with the observed field size 

distribution by a Kolmogorov-Smirnov test (KS-test). The aim was to find the 

combination of the two parameters that do not lead to a significant difference in 

size distribution between observed and simulated. For every parameter combina-

tion, the simulation with alternating mortality and growth and the KS-test in the 

end was repeated 500 times. The parameter combinations for which the 97.5%-

quantile of the D-values remained under the critical D-value for the particular n 

are concluded to be able to explain the observed bivalve size distribution.  

Recall that the bivalve sampling area in the field was adjusted to bivalve 

density. This implies that the difference in the counts of individuals sampled 

between dates does not directly resemble the change in density. Therefore, the 

 

 

◄ Fig. 2.1 Illustration of the modeling procedure. a) Observed size distribution of 

shrimp, example from July 1997. b) Example of a prey selection curve, for a 14 mm long 

shrimp that chooses prey 1/15 of the predator length. c) Observed size distribution of Ma-

coma balthica in July 1997. d) Observed size distribution of M. balthica the next month. 

e) Example of a simulated size distribution of M. balthica, using the July data as a starting 

point for growing and random mortality. f) Example of a simulated size distribution of M. 

balthica, using the July data as a starting point for growing and selective predation. g) 

Resulting D-statistic of the Kolmogorov-Smirnov tests comparing simulated with ob-

served data, set out against the tested growth rates. As examples, the black dots are the 

averages of each 500 D-values obtained using a prey preference for 1/11 of the predator 

length, the white dots were obtained with size-independent mortality. The error bars rep-

resent 95% confidence intervals. The horizontal dashed line marks the critical D-value. 

Values below it indicate that the compared size distributions are not significantly differ-

ent. h) Contour plot of the best parameter combinations for the example period. The black 

dot represents the combination of growth rate and prey preference that leads to the lowest 

average D-value when simulated and observed data are compared. For all parameter com-

binations within the contour, at least 95% of the resulting D-values are below the critical 

D-value. The vertical dashed line marks the best fitting growth rate for the case of unse-

lective mortality; however, no growth rate led to sufficiently low D-values in combination 

with random mortality. 
































































































































































































































































