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Chapter 1

General Introduction

Floor H. Soudijn
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General Introduction

1.1 Reasons for using models in ecology and some history of the use
of models

"All theories, even the best, make idealizations or other false assumptions

that fail as correct descriptions of the world." – William C. Wimsatt (1987)

The field of population ecology studies populations of living organisms and how the
biotic and abiotic environment affects the dynamics of these populations. Variabil-
ity is an inherent property of natural systems. Still, ecology is aimed at increasing
understanding of the generalities rather than the differences in natural system dynam-
ics. Therefore, ecologists aim to formulate ecological theory that is generally true
and not system or situation specific. The use of mathematical models is instrumental
in discovering such general patterns, as the simplification of nature with the use of
mathematical logic conceptualizes reality in an explicit manner (Begon et al., 1996).
Yet, this simplification and conceptualization of reality means that inevitably some
aspects of reality are left out.

A study with a mathematical model allows, in principle, for complete control over
the assumptions that the study is based on, as these assumptions are formulated ex-
plicitly in mathematical terms. The results of a theoretical study show the logical
consequences of the assumptions of the model (Starfield, 1997). Testing the robust-
ness of model outcomes to the assumptions in the model leads, step-by-step, to a
better understanding of the importance of biological mechanisms for population dy-
namics. Theoretical studies using models can thus show what the possible mechanisms
are that lead to certain population dynamics and what the possible consequences are
of certain biological mechanisms for population dynamics (Caswell, 1988). In addition,
models are used to predict the effect of changes on population and community dy-
namics. Management decisions considering ecological systems depend heavily on the
use of models of these systems (Starfield, 1997). Yet also in this case, it is essential
to test the robustness of predictions to the assumptions in the model.

"It can scarcely be denied that the supreme goal of all theory is to make the

irreducible basic elements as simple and as few as possible without having

to surrender the adequate representation of a single datum of experience."

– Albert Einstein (1934)

About 50 years ago, Levins (1966) argued that for ecological models there exists a
trade-off between being general, being realistic and being precise. In addition, he
claimed that it is never possible for a model to be these three things at the same time.
This idea has taken root in population ecology and has led to the use of roughly two
types of models in ecology. So-called tactical models are realistic and precise, and
are used to study specific systems. Strategic models on the other hand, are general
and precise, and are used to study basic mechanisms in population dynamics (Holling,
1966). While the first class of models is mostly used for making predictions, such as
for fisheries management, the second type is used for the development of ecological
theory. Often, in their search for general patterns, ecologists have strived to use models
that were as simple as possible.

Over the last two decades, this perspective has slowly started to shift and many
now argue that more instead of less complexity is needed to find truly general eco-
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logical theory (de Roos and Persson, 2005; Evans et al., 2013; Grimm and Railsback,
2011; Kendall, 2015). Theoretical and empirical ecologists alike press that more bi-
ological realism in models is needed to make current and classic ecological theory
more relevant (Hall, 1988; Evans et al., 2013). The main criticism about simple
models revolves around the point that simple ecological models are usually not based
on first principles or basic biological mechanisms (Evans et al., 2013). In essence,
the dynamics of a population is the cumulative result of demographic changes and
transitions, such as reproduction and survival, of all individual organisms that make
up the population together. Hence, formulating population dynamic models in terms
of first principles or basic biological mechanisms implies that the model assumptions
should be made about behavior and demographic changes and transitions at the level
of the individual (de Roos and Persson, 2005; Clark et al., 2011; Grimm and Rails-
back, 2011; Topping et al., 2015). Instead, in population ecology focus often lies on
patterns that can be observed at the population level. From population-level data it
subsequently aims to infer which processes have shaped these population-level pat-
terns. The important difference here is that the focus is on explaining the patterns
in terms of population-level rather than individual-level processes. Biological systems
are typical examples of systems with multiple levels of organization, in which dynam-
ics at multiple levels may interact with each other (Levin, 1998; Clark et al., 2011).
Focussing on population-level processes therefore does not lead to understanding of
the (individual-level) mechanisms that lead to the emergence of these processes at the
population level. Worse, aggregation of group-level data can lead to misinterpretation
of individual-level behavior (Clark et al., 2011).

"What we observe is not nature itself, but nature exposed to our method

of questioning" - Werner K. Heisenberg (1958)

The concerns regarding oversimplification extend to the tactic models that are sup-
posed to be more detailed and true-to-nature than the strategic models used for general
ecological theory (Persson et al., 2014; Topping et al., 2015). Especially worrisome
is the limited ability of ecological models to predict the future state of populations
(Grimm and Railsback, 2011; Topping et al., 2015). This lack of predictive power can
be largely attributed to the focus of population ecology on population-level processes
(Grimm and Railsback, 2011). A perfect fit of a model that is formulated in terms of
population processes to historical data does not guarantee its predictive power (Ward
et al., 2014). Responses of populations to changes are hard to project based on in-
formation from the current state of a population. One or multiple parameter values
may change in response to, or simultaneously with, the change (Minto et al., 2014).
Yet perhaps even more problematic, totally different processes may become the main
drivers in structuring population dynamics in response to a change (Carpenter, 2002;
Topping et al., 2015). To predict the effect of changes on natural systems a mech-
anistic understanding of population dynamics, i.e. understanding how it arises as a
consequence of individual-level processes, and formulating population dynamic models
explicitly in terms of these individual-level mechanisms is therefore indispensable.

"For example, the assumption that lions eat zebra may seem general, but

in a modeling context it more accurately translates into an assumption
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that all lions eat all zebra with the same probability." – André M. de Roos
and Lennart Persson (2005)

It has been argued before that population ecology should shift its focus from formu-
lating models at the population level to the level of individual organisms (de Roos and
Persson, 2005; Clark et al., 2011; Topping et al., 2015). Theoretical studies over the
last 30-40 years show that the consideration of individual-level characteristics often
leads to results that conflict with classical ecological theory (Metz and Diekmann,
1986; Kooijman, 2000; de Roos and Persson, 2013; Persson and de Roos, 2013; Pers-
son et al., 2014). Moreover, the consideration of individual-level characteristics in
some cases leads to predictions regarding the effect of disturbances on population and
community dynamics that totally contradict predictions based on classical models. In
the following section I will try to substantiate this statement.

1.2 Ontogenetic development from newborn to adult and structured
population dynamics

Individuals of many species show profound ontogenetic differences in terms of their
choice of habitat, preferred resource and morphology (Werner and Gilliam, 1984). All
individuals undergo changes in body size over their lifetime. Changes over ontogeny
can entail a change in body weight of up to 7 orders of magnitude, such as is common
for fish. Adults of atlantic cod, for example, typically weigh about 1-3 kg while they
are born as eggs of about 60 µg (Ouellet et al., 2001). Across species, the increase
in weight from birth to maturation varies from a 2 to 1 · 106 fold increase (Hendriks
and Mulder, 2008). Body size largely determines an individual’s characteristics such
as its ecological role, but also energetic requirements are body size dependent (Peters,
1983; de Roos and Persson, 2013). Therefore individual characteristics can change
quite drastically over ontogeny.

Individual somatic growth and the amount of offspring an individual produces
both depend on the energy that is available to it. The available energy in general
depends on the uptake of resources on the one hand and its energy expenditure to
cover maintenance costs on the other hand. The energy requirements for mainte-
nance as well as the uptake rate of resources are strongly related to an individual’s
body size (Peters, 1983; de Roos and Persson, 2013). Moreover, the metabolic rate
increases faster with body size than does the foraging rate (Peters, 1983; Kooijman,
2000; de Roos and Persson, 2013). As a result of these relationships, the amount of
energy that is available for growth and reproduction per unit biomass, decreases with
body size (Hjelm and Persson, 2001; Byström and Andersson, 2005). Therefore, the
mass-specific growth rate and mass-specific reproduction rate change with body size.
In addition, large individuals often start re-allocating the energy that used to be chan-
nelled towards growth to reproduction at some point during their life. Due to these
size-dependent, individual-level energetics, the population composition determines the
rate of reproduction and somatic growth at the population level (de Roos and Persson,
2013).

Perhaps a more obvious consequence of the ontogenetic development of individuals
is that the individual’s role in a foodweb changes throughout its life (Nakazawa,
2015). For species that undergo an ontogenetic diet shift, the foraging pressure on
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the different resources that make up their diet (through life) is determined by the
population composition. Many predatory species such as piscivorous fish (Winemiller,
1989; Galarowicz et al., 2006) display a complex lifecycle. This implies that the
predator-population composition affects the predation pressure exerted on the prey
species (Galarowicz et al., 2006; Rudolf, 2012). Alternatively, the size-specificity of
predators (Peters, 1983; Ebenman and Persson, 1988) implies that the prey-population
composition affects the food availability for predators (Urban, 2007). Shifts in the
population composition, i.e. the population size distribution, may thus affect species
interactions.

The two consequences of the consideration of development of individuals through
life described above form the basis of a multitude of new and counterintuitive theoret-
ical predictions. For example, culling of prey may stimulate the re-establishment of a
predator population (Persson et al., 2007), a predator can facilitate a second predator
of the same prey (Huss and Nilsson, 2011; de Roos et al., 2008a) and a parasite may
stimulate the performance of a predator (Ohlberger et al., 2011). All these examples
are based on empirical or experimental findings that can be explained by theoretical
predictions from models that consider ontogenetic development and individual ener-
getics. The results of these studies contrast with classical ecological theory. Based on
the principle of competitive exclusion, two predators, or a parasite and a predator can
not persist on the same prey population, let alone facilitate each other. Moreover,
classic theory predicts that increased mortality in a prey population should inhibit a
predator, and not stimulate its performance.

An extensive body of theoretical work has shown that the surprising findings men-
tioned above result from a phenomenon called biomass overcompensation (de Roos
and Persson, 2013; Persson and de Roos, 2013). Biomass overcompensation is a term
used for the increase of biomass in a particular size class of a population with an
increase in mortality. Due to this effect, the mortality imposed by a parasite or preda-
tor can facilitate a second predator by increasing the prey availability in its preferred
size class, even when their prey size-preferences partly overlap (de Roos et al., 2008a;
Huss and Nilsson, 2011; Ohlberger et al., 2011; de Roos and Persson, 2013). Along
the same lines, the culling of prey fish in lake Takvatn increased the biomass of small
prey items and thereby stimulated the recovery of the piscivorous fish that preferred
small prey fish (Persson et al., 2007). In all these examples, increased mortality (due
to predation or culling), releases intraspecific competition in the prey population and
increases the production of the preferred prey items of the predator.

The occurrence of biomass overcompensation depends on two consequences of
the consideration of development of individuals through life described earlier in this
section: 1. Individual properties change over ontogeny; 2. The rate of reproduction
and somatic growth in the population emerge from individual-level energetics (de Roos
and Persson, 2013; Persson and de Roos, 2013). Due to differences between individuals
in different life stages or size classes low resource conditions are more limiting for
one size-class than another. When mortality releases intraspecific competition, it is
especially the most resource-limited part of the population that starts producing more
biomass. Consequently, the relative change in biomass production in the different
size-classes results in a shift in the biomass distribution, i.e. biomass decreases in
some size-classes and increases in others.

The theory described above is based on models with continuous time dynamics
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while in reality, dynamics of natural systems are highly variable through time and of-
ten involve more discrete, pulsed changes. In the next section, I will first describe
the importance of seasonal variability for population dynamics. After that I will con-
tinue with a description of the potential consequences of seasonality for dynamics of
structured populations.

1.3 Seasonal processes and population dynamics

Natural environments can vary dramatically over time and seasonality is one of the
most obvious causes of variability in ecosystems. Seasonal variability may occur in
abiotic environmental variables but also the abundance of predators, prey, conspecifics
and pathogens may vary between different seasons of the year. It is obvious that species
in temperate systems are subject to seasonal variability, but species in many other
climate regions also display some sort of annual rhythm in their dynamics. For example,
plants in arid, semi-arid and tropic systems show recurrent seasonal patterns of low
and high growth that are caused by seasonal fluctuations in precipitation (Pandey
and Singh, 1992; Reynolds et al., 1999; Gebauer et al., 2002). Moreover, seasonal
reproduction is common in mammals at all latitudes (Bronson, 2009), while reptiles
and birds display seasonal reproduction also in the tropics (Wikelski et al., 2000;
Brown and Shine, 2006). As a result of seasonality, organisms experience intra-annual
fluctuations of resource availability (be it abiotic, such as nutrients and light or biotic,
such as prey species). These fluctuations result in characteristic seasonal peaks in
primary productivity of phytoplankton in marine and freshwater systems and plants in
terrestrial systems in the temperate zone (Platt et al., 2003). Species such as herring
synchronize spawning to seasonal peaks in zooplankton (Willson and Womble, 2006).
The large seasonal spawning aggregations of herring, in turn, attract aggregations of
feasting predators (Willson and Womble, 2006). Seasonal variability thus often affects
species at multiple trophic levels simultaneously.

Ecological theory on seasonality

Modeling seasonal processes has a long history in population ecology. Nicholson and
Bailey (1935) first implemented seasonal reproductive pulses in a model describing
parasitoid-host dynamics. In this classic study, the interaction between annual, discrete
generations of parasitoids and their insect hosts was analyzed. Compared to the
analogous Lotka-Volterra predator prey model with continuous reproduction there
is a large difference in the model dynamics (Murdoch et al., 2003). The discrete
generations in the Nicholson-Bailey model result in unstable dynamics and increasing
oscillations after perturbations, while the Lotka-Volterra model is always neutrally
stable (Hassell, 2000; Murdoch et al., 2003). Classical models for single fish stock
dynamics also often consider pulsed annual breeding using discrete time equations
(Hilborn and Walters, 1992). A well-known example is the Ricker model for non-
overlapping generations. In contrast to its analog with continuous reproduction, the
logistic growth model, which is always stable, the Ricker model displays population
cycles and chaotic dynamics for a large range of parameter values (Murdoch et al.,
2003).
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The underlying individual-level assumptions that would result in single population
models in terms of discrete equations account for competition between the individuals
of a population but assume a constant resource between reproduction pulses of the
population (Geritz and Kisdi, 2004; Brännström and Sumpter, 2005). However in
reality, species often forage continuously between reproductive events on a resource
that reproduces continuously. These factors result in dynamical complexity that cannot
easily be caught in discrete-time equations, especially when dynamics are somehow
nonlinear. The mix of continuous and discrete processes requires a hybrid model
type, a so-called semi-discrete model (Murdoch et al., 2003). Pachepsky et al. (2008)
describe such a semi-discrete consumer-resource model for a consumer with an annual
reproductive pulse. Compared to an analogous model with continuous reproduction,
the dynamics of the model with discrete reproduction were again found more prone
to display complex dynamics.

Another type of seasonality is represented by periodic variation in the population vi-
tal rates such as the reproduction, mortality, productivity or attack rate in continuous-
time models. Population dynamics can change substantially with the amplitude of the
variability of these rates (Nisbet and Gurney, 1976; Cushing, 1986; Vasseur and Fox,
2007). Periodically varying vital rates can lead to resonance phenomena. Through
this mechanism, temporal variability in the vital rates can either increase or decrease
the tendency of populations to cycle (Nisbet and Gurney, 1976; Rinaldi et al., 1993;
Hanski et al., 1993; White et al., 1996).

The effect of cyclic dynamics on population persistence and community struc-
ture is a much debated topic (Holt, 2008; McCann and Rooney, 2009; Loreau and
de Mazancourt, 2013; McMeans et al., 2015). Cycling dynamics can reduce com-
petitive exclusion (Armstrong and McGehee, 1976; Sommer, 1985; Huisman, 1999;
Chesson, 2000). The main reason for this effect is that through the fluctuating dy-
namics different species experience population growth and decline in different periods
and this increases the potential for coexistence. However, fluctuating dynamics may
also negatively affect coexistence (Holt, 2008), for example because large amplitude
oscillations increase the risk of species extinctions when densities come close to zero.

Fluctuations in prey or host availability or the delay in the dynamics with pulsed
predator or parasite reproduction may affect trophic interactions through the dynamic
feedback between the host and parasite or prey and predator. Firstly, enrichment in
a discrete time model results in an increase of the equilibrium density of both host
and parasitoid. In the analogous, continuous-time, predator-prey model on the other
hand, the predator density in the equilibrium increases while the prey density does not
change with enrichment (Murdoch et al., 2003). In this case the discrete time model
shows a different effect of enrichment because there is a delay in the dynamics with
the discrete generations as reproduction occurs only once a year. The host number
first needs to increase before the parasitoids can increase (Murdoch et al., 2003).

Secondly, with increasingly synchronous, seasonal reproduction in a host popula-
tion, the time-averaged density of the host increases while that of the parasite de-
creases compared to a situation with a continuous reproduction rate (White et al.,
1996). In this case, increasing synchronicity in reproduction was implemented through
an increasing amplitude and decreasing duration of the reproductive period (but con-
stant average) of a periodic reproduction rate of the host. Thus, the temporal influx
of hosts increases with the increasing peak in reproduction. As it becomes impossible
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for the parasite to track the sudden increase in its host density, the average parasite
density decreases and the average host density increases with increasingly synchronous
reproduction because it is less controlled by the parasite. Also in predator-prey dy-
namics a reduction of the predation pressure with more synchronized reproduction in
the prey has been shown (Ims, 1990; Archibald et al., 2012).

Finally, the timing of reproduction of a predator relative to the seasonal peak in its
prey availability may determine its recruitment success (Cushing, 1990; Durant et al.,
2007). This effect of the timing of seasonal reproduction can affect the abundance
of species at different trophic levels in food-chains (Nakazawa and Doi, 2012; Revilla
et al., 2014).

Summarizing the above, the occurrence of different kinds of cycles has been a ma-
jor theme in the study of models with continuous, discrete and semi-discrete dynamics.
Generally, models with discrete dynamics are more prone to display cycles than con-
tinuous time models. Periodically varying parameters can dampen or promote cycles
to occur compared to constant parameters. Fluctuations increase competitive coex-
istence but large amplitude oscillations also increase the risk of species extinctions
as densities come close to zero. Furthermore, pulsed and periodic reproduction can
decrease the flow of energy to higher trophic levels. Seasonality thus has the potential
to stabilize as well as destabilize dynamics and may promote or inhibit the potential
for species coexistence depending on the model structure and parameter values that
are used.

Seasonality and structured-population dynamics

The effects of seasonality differentially impacts individuals in different life stages.
This can be far from trivial for population dynamics. For example, winter survival
may be higher for large individuals as they can better withstand starvation, while
spring and summer growth is higher in small individuals as they are better at foraging
(van de Wolfshaar et al., 2008). These basic size-dependent differences lead to the
surprising finding that in seasonal environments, a certain level of juvenile mortality
may be required for the persistence of the population. Without juvenile mortality,
competition for food between newborns is so strong that the individuals can never build
up substantial body mass to survive a severe winter, eventually leading to extinction of
the population (van de Wolfshaar et al., 2008). This example illustrates the interesting,
but intricate dynamics that can occur when both seasonality and differences between
life-stages are considered.

Seasonal reproduction causes a recurrent perturbation to the population size dis-
tribution. Just after reproduction, many small young individuals are present while later
in the year their number declines through mortality and somatic growth. In addition,
energetic processes in individuals are affected by the reproductive rhythm (McBride
et al., 2013). When reproduction occurs continuously throughout the year, energy
can be directly invested in reproduction. However when reproduction is concentrated
during a certain period of the year, reproduction requires storage of energy (Bon-
net et al., 1998; McBride et al., 2013). As explained in the previous sections, both
the population-size distribution and individual-level energetics may affect population
dynamics.
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In summary, seasonality may affect the population size distribution through sea-
sonal variation in vital rates and individual level energetics through storage of energy.
Moreover, seasonality may show different effects on population dynamics between
unstructured and structured models. The work I present here follows the trend of in-
creasing model realism and I test the effect of added, biologically realistic, complexity
on ecological theory. More specifically, this thesis considers the effect of seasonality
on population size distributions and predator-prey dynamics, following an individual-
based energetics perspective. In the following section I will present the questions that
are addressed in the different chapters of this thesis.

1.4 Outline of the thesis

As the previous sections show, the main focus of theoretical studies that consider sea-
sonality has been on complex dynamics. The effect of seasonality on trophic interac-
tions has been relatively little explored, especially for models of structured populations.
This thesis will focus on the consequences of seasonality for trophic interactions. Since
seasonality may affect the composition of the population and the population compo-
sition shapes trophic interactions, the question central to this thesis is:

How do seasonal dynamics affect population size distributions and com-

munity dynamics?

The effect of seasonality on size-structured population dynamics and predator-prey dy-
namics, is tested in this thesis using models that follow an energetics approach. These
models are derived from individual-level assumptions regarding energy acquisition and
expenditure. The models consider the size-dependence of individual-level energetics
and energetic costs related to maintenance, growth and reproduction. Therefore, the
flow of energy through the modeled populations and systems is consistent with the
principle of mass conservation. This thesis focusses on the consequences of seasonality
for ecological dynamics. While optimality problems regarding the timing of reproduc-
tion can affect predator-prey dynamics, this is beyond the scope of this thesis.

The combination of individual-level energetics and population size structure has
been considered in a range of studies using physiologically- or size- structured popu-
lation models (PSPMs) (Persson et al., 1998; Claessen et al., 2000; van de Wolfshaar
et al., 2008; van Leeuwen et al., 2013). These models all account for seasonal repro-
duction in addition to size-dependent life history processes. So far only three studies
have been published using PSPMs with more than one structured population (van de
Wolfshaar et al., 2006; van Leeuwen et al., 2013, 2014). The main reason for the low
number of published studies with multiple interacting structured populations is that
the numerical simulations used to analyze these models become vastly complex. To
facilitate the study of systems with multiple interacting species, a simple framework is
needed that captures the essential mechanisms from the PSPMs. Such a framework
has been derived for a PSPM with continuous reproduction (de Roos et al., 2008b).
Yet, the derivation of this so-called stage-structured biomass model assumes a sta-
ble size-distribution and constant resource density. With fluctuating dynamics due to
seasonality, this assumption is per definition violated and this leads to the question:
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Can a PSPM with seasonal reproduction be approximated by a simple

model in terms of ordinary differential equations?

To answer this question, chapter 2 describes the derivation of a consumer-resource
model in terms of four ordinary differential equations from a continuously size-
structured consumer population with seasonal reproduction and an unstructured re-
source. The model translates individual-level assumptions about food ingestion, bioen-
ergetics, growth, investment in reproduction, storage of reproductive energy and sea-
sonal reproduction into stage-based processes at the population level. Subsequently, a
comparison is made between the dynamics of the two models over a range of different
parameter values.

The occurrence of biomass overcompensation plays, as explained in section 1.2,
a central role in contemporary ecological theory that considers population size struc-
ture. Biomass overcompensation in response to mortality depends on a bottleneck
occurring in the flow of biomass through the population when food is limited that
stems from energetic differences between individuals of different sizes. This energetic
bottleneck can be (temporarily) relaxed by perturbing the population size distribution.
The pulsed influx of small individuals due to seasonal reproduction results in an an-
nually recurring disturbance of the size-distribution of the population. It is therefore
questionable whether biomass overcompensation still occurs when the population is
annually disturbed by seasonal reproduction. Therefore, the aim of chapter 3 will be
to answer the question:

Does biomass overcompensation occur in populations with seasonal repro-

duction?

To answer this question, the effect of increasing size-dependent as well as size-
independent consumer mortality on the stage-structured biomass model derived in
chapter 2 is tested in chapter 3. A comparison of the effect of the different types
of mortality is made between consumer populations with reproductive strategies from
continuous to seasonally semelparous spawning.

A logic consequence of biomass overcompensation for predator-prey dynamics is
that mortality can benefit size-specific predators (Persson et al., 2007; van Leeuwen
et al., 2008). The effect of mortality of an interacting predator and consumer species
is tested in a model with a size-structured predator with a complex life cycle, a size-
structured consumer and three unstructured resources in chapter 5. Both the predator
and the consumer display seasonal reproduction. The model structure and parameters
are based on the cod-clupeid community in the central Baltic sea, and is analyzed to
answer the question:

How does multi-species harvesting affect the dynamics of a seasonal sys-

tem with three trophic levels? And, how are these predictions affected by

the seasonal nature of reproduction?

The effect of simultaneously harvesting prey (clupeids) and predator (cod) is investi-
gated as a function of the harvesting level of both species. In the same chapter, a
comparison is made between model dynamics with seasonal reproduction and continu-
ous reproduction and it is assessed how the type of reproduction affects the predictions
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regarding harvesting of prey and predator. In addition, a data-based assessment is
made of historical patterns of piscivore (predator) biomass declines in relation to the
fishing pressure on the piscivorous fish stocks and the fishing pressure on forage fish
stocks in the same areas (prey).

Seasonality can affect population dynamics through periodic variability in the vital
rates of the population (see section 1.3). In structured populations, fluctuations in
resources can affect individuals in different size classes to a different extent as they
differ in their energetic requirements. Through these mechanisms, seasonality poten-
tially affects population size-distributions. The population size-distribution of a prey
population determines the food-availability of their predators as predator preference
is strongly size-dependent (Peters, 1983; Ebenman and Persson, 1988). Chapter 6
therefore focusses on answering the question:

How does seasonal resource variability affect population size distributions

and size-specific predators?

To answer this question, the effect of periodic variability in resource productivity is
tested in a model system of an unstructured resource, a size-structured consumer
and an unstructured, size-specific predator. In this chapter, I assess how resource
variability affects the size distribution of a structured consumer and the relationship
between predator density and predator harvesting.
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