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General discussion 

“What is the role of population size structure in shaping the dynamics of predator-prey 

communities?” 

This is the question that forms the basis for the research I report in this thesis. The three 

main themes that dominate in the answers to this question, Mortality, Complexity in life 

history, and Competition and predation, are discussed below. 

I show that the size-structure within populations, and the differentiation among 

individuals that results from incorporating size-structure, has far-reaching consequences for the 

dynamics and structure of predator-prey communities. In the models that I have used for 

analyses, individuals are characterized on the basis of their body size, and growth in size and 

reproduction are processes that depend on food intake. Individual differences in size are tightly 

connected to differences in, for example, growth rate, metabolic costs, life-history stage, and 

trophic interactions. Accounting for intraspecific size structure makes population models more 

complex and harder to analyze than classical models in which the simplifying assumption is 

made that all individuals in a population are on average the same. But it also allows for 

establishing the link between effects occurring at the population and community level, such as 

predator top-down control on prey, coexistence, extinction, and bistability, and the processes 

that lead to these effects, which occur at the level of individual organisms. As is clear from the 

results presented in this thesis, these population and community level effects are largely 

determined by the fact that individual growth in body size is plastic and varies with food 

availability, more so than by the differences in body size among individuals per se. 

The consequences from considering individual differences in body size are foremost 

apparent in the response of size-structured populations to mortality and in the implications of 

this response for the dynamics of communities (Chapter II and Chapter VI). Accounting for the 

size-structure within populations allows for the study of ontogenetic niche shifts (changes in 

resource use over the development of individuals), also referred to as complex life histories. The 

occurrence of multiple ontogenetic niche shifts in predator life history strongly influences the 

way in which predators coexist with their prey (Chapter III). The consequences from the 

assumption that the prey forms an essential resource for the predator (i.e. predators cannot 

reproduce on the basis of the intermediate resource only) are discussed in Chapter V. 

Besides predation, competition is known as a structuring interaction in ecological 

communities. I show in Chapter III that with multiple ontogenetic niche shifts in predator life 

history the effect of intraspecific competition within the predator population is more important 

for the community dynamics than the competition between prey and juvenile predators. In 

Chapter IV the dynamics between two competing consumer populations is shaped by the 

179



CHAPTER VII 

intricate interplay between intraspecific and interspecific competition, which arises as a result 

of the size-dependence of feeding rate, growth, and maturation. 

Mortality 

Several of the questions studied in this thesis were inspired by the frequent observations of 

marine predator population collapses and the (long-term) lack of recovery in some of these 

populations (the cases of Atlantic cod in different locations are well-known examples). These 

observations show that so far, our understanding of predator-prey community dynamics and our 

approaches in the management of fisheries and fish stocks fall short in anticipating this 

catastrophic behavior and in guarding population levels that are sustainable and commercially 

exploitable. Moreover, traditional approaches to fisheries management have not been able to 

explain the mechanisms underlying prolonged periods without stock recovery (Hilborn 2012). 

On the basis of an extensive overview of the models that are nowadays most commonly 

used in the management of marine fish populations (Chapter II) I come to the conclusion that 

none of these models incorporate a fully consistent biomass/energy loop. The models hence lack 

a biologically justifiable and mechanistic basis. In some instances this is due to that in the 

individual energy budget a particular energy cost is omitted (see table 2.1, Chapter II), but in 

most of the discussed models, the individual energy budget is not modeled at all. The 

inconsistency then comes about by the incorporation of only one side of the effects of trophic 

interactions, such as accounting for mortality by predation, but at the same time ignoring the 

energy gained from prey intake by predators. 

In answer to research question 1: 

How does incorporating size-structure (rather than age-structure) alter the effects of 

mortality on marine fish populations? 

Chapters II and VI show responses to increasing mortality that cannot be predicted on the 

basis of models only including age-structure. The examples presented in Chapter II and the 

results in Chapter VI illustrate that increased mortality does not always result in a negative 

effect on population biomass or persistence. A positive effect in stage-specific biomass in 

response to increased mortality has been reported before in size-structured models (De Roos and 

Persson 2002, Persson et al. 2007). And from stage-structured biomass models also an increase in 

total population biomass with increasing mortality is known (Van Leeuwen et al. 2008). The 

occurrence of such effects in the different models used in Chapter II and Chapter VI shows the 

generality of biomass overcompensation and its robustness against model-specific assumptions. 

This indicates that biomass overcompensation may be more relevant than currently realized. 

These considerations led to research question 2: 

What is the effect of overcompensation dynamics for size-structured predator-prey 

systems with size-dependent predation and competition interactions? 
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GENERAL DISCUSSION 

The answers to this question from previous studies are discussed in the general 

introduction in Chapter I. The results presented in Chapter II and Chapter VI provide more 

examples where the effects of mortality are at odds with intuitive predictions. Moreover, these 

results falsify several commonly postulated hypotheses for the lack of recovery of marine 

predator populations: on the basis of the model outcomes presented in these chapters, I 

conclude that there is no evidence for negative effects on cod population growth as a result from 

competition with marine mammals (Chapter II); neither is the presumed negative effect of seal 

predation on cod for cod fisheries supported. Further conclusions fall in the context of research 

question 6: 

How do different sources of size-dependent mortality affect the dynamics of predator 

and prey? 

The results presented in Chapter VI provide some answers. The hypothesis that predator 

population recovery may be impeded by predation on eggs or early life-stages by prey is 

falsified. Neither does cannibalism give rise to effects leading to reduced population growth, but 

rather has positive effects for the predator. Competition with marine mammals or fisheries for 

the same prey species is ruled out as a process leading to reduced potential for predator recovery 

(see also the positive effect from predation by marine mammals on the prey species of cod, as 

described in Chapter II). Increased positive size-dependent mortality on the predator, on the 

other hand, leads to destabilization of the dynamics, a predator extinction boundary at high 

resource productivity and alternative stable states. Mortality on the large size-classes in 

populations is known as a driver for destabilization of population dynamics (Hsieh et al. 2006, 

Anderson et al. 2008, Sugihara et al. 2011). In these studies higher stock variability was 

attributed to amplified nonlinear behavior in noisy ecological systems under exploitation 

(Anderson et al. 2008, Sugihara et al. 2011). The results in Chapter VI are completely based on 

deterministic population dynamics, which means that the origin of destabilization is here 

intrinsic to the modeled population dynamics, and completely independent from stochastic 

processes. The effect is in this case comparable to the previously described destabilizing effect of 

harvesting adult, cannibalistic individuals in the size-structured model studied by Van Kooten et 

al. (2007). On the one hand, this may indicate a strong support for the warning against the 

double jeopardy of increasing variability under decreasing population densities represented by 

fisheries (Hsieh et al. 2006). On the other hand these results are not directly connected to, for 

example, the collapsed cod populations in the northwest Atlantic and Baltic Sea, because the 

growth pattern under high positive size-dependent mortality is at odds with the model 

predictions: While in the model high variability in population density results from the fast 

growth in the intermediate predator life stage, in the field situation, predator growth rates are 

reduced. Whether other field examples can confirm the observed model dynamics remains a 

subject of further study. 
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CHAPTER VII 

Complexity in life history  

Complexity in life history is at the core of research question 5: 

What is the impact of the form of the ontogenetic niche-shift on predator-prey dynamics 

and potential for top-down control? 

Complex life cycles are the norm, rather than the exception in animal ecology (Werner 

1988). According to classical studies, most animal species undergo a change in their use of 

resources over their life history (Werner and Gilliam 1984, Wilbur 1980). Early studies of this 

phenomenon have been mainly from the individual perspective, considering the optimal timing 

of an ontogenetic niche shift (Werner and Gilliam 1984). More recently, several studies have 

presented analyses of the population dynamical consequences of the occurrence of ontogenetic 

niche shifts (Hin et al. 2011, for example Van de Wolfshaar et al. 2006). In these studies 

predators are assumed to exhibit one ontogenetic niche shift, from using a resource that is 

shared with their prey to predation. The consequences for community dynamics of this predator 

life-history omnivory in these systems are summarized in Chapter III, table 3.1, showing that 

top-down control of the prey population by the predator as well as bistability between different 

stable community states is a common outcome. One aspect of focus in the studies I report in this 

thesis is the effect of multiple ontogenetic niche shifts in predator life-history. The 

configuration in which the predator exhibits two shifts was inspired by the life-history of cod, 

and is applicable to many other predatory fish species. In this case the predator has three 

different exogenously feeding life-stages, the first on a pelagic, plankton resource, the second on 

a benthic resource in a demersal habitat, and the third as piscivore, again in the pelagic habitat. 

The results from analysis of this model answer research question 3: 

What are the implications of complex predator life cycles on predator-prey dynamics 

with mixed interactions? 

The occurrence of an intermediate life stage that is dependent on a particular resource 

creates a growth bottleneck as the result of intraspecific density dependence in the predator 

population. The bottleneck arises because the intermediate resource is not available for the 

smallest juvenile size class, and, in addition, during the intermediate life stage individuals are 

predominantly dependent on this resource. Although the resource is an alternative energy 

source for piscivorous individuals, it leads to a size threshold in the intermediate life stage and 

prevents the build-up of a large and dominant predator population. Top-down control of the 

prey population by the predator is possible under the condition that the intermediate resource is 

constantly available at the same level, i.e. the dynamical feedback from foraging is negligible. 

The intraspecific regulation of predator dynamics depends on the two ontogenetic changes in 

resource use (see Chapter III- table 3.1). A consequence from the way the niche shift to 

predation (i.e. second niche shift) was incorporated in predator life history is that the predator 
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GENERAL DISCUSSION 

can persist independently from the prey population, gaining sufficient energy from the 

intermediate resource. With this configuration the link between the predator and prey 

population is weak, which may contribute to the lack of top-down control by the predator. In 

anticipation of a stronger feedback from predator on prey when the predator is dependent on 

prey intake for its energy budget, the form of the ontogenetic niche shift was studied in Chapter 

V, focusing on research question 5: 

What is the impact of the form of the ontogenetic niche-shift on predator-prey dynamics 

and potential for top-down control? 

In contrast with the expectation of a stronger feedback from the predator on the prey, 

assuming a complete niche shift, and consequently full energetic dependence on prey of 

maturing predator individuals, does not enforce top-down control in the system. Rather, the 

growth bottleneck in the intermediate life-stage is preserved and still determines the 

community dynamics. The energetic dependence on prey in the piscivorous life stage gives rise 

to broad parameter ranges with alternative stable states and with the ‘invader strikes back 

phenomenon’. These phenomena are types of dynamics that have not been described before and 

show how density dependent growth may be both beneficial as well as detrimental to 

persistence of predator populations.  

Competition and predation 

The analyses described in the Chapters III and IV include a study of the impact of 

competition effects in a size-structured predator-prey community and in a purely competitive 

community of two size-structured consumers. In general, the results from these studies seem to 

run against classical ecological theory of intraguild predation and competition. In unstructured 

systems, coexistence of a consumer and an intraguild predator on the consumer that also 

competes for the resource is only possible when the consumer has a competitive advantage over 

the predator in terms of foraging efficiency on the shared resource (Holt and Polis 1997, Diehl 

and Feißel 2000). This condition is due to the double burden the consumer would otherwise 

carry: since it already experiences the pressure from predation, coexistence is conditional on the 

superior foraging capacity of the consumer on the basal resource. In this setting the predator 

exerts top down control on the prey population. In stage-structured models where the predator 

is subdivided into a juvenile stage foraging upon the resource shared with a consumer and an 

adult stage foraging upon the consumer, coexistence is possible in case of the double burden of 

competition and predation. The consumer or prey is even able to prevent predator population 

recovery from low densities due to their competitive impact on juvenile predators (e.g. Walters 

and Kitchell 2001, also see table 3.1, Chapter III). This setting reflects the potential for 

bistability and cultivation/depensation in the predator. The potential for coexistence is reduced 

when predators can continuously use the shared resource throughout their lives, again because 

183



CHAPTER VII 

of predator top-down control over the prey. With respect to the effects from mixed competition 

and predation interactions, research question 3 was posed: 

What are the implications of complex predator life cycles on predator-prey dynamics 

with mixed interactions?  

In the model with two ontogenetic niche shifts in predator life history, as analyzed in 

Chapter III, there is no potential for top-down control of the prey population by the predator if 

predator foraging has an impact on the availability of the intermediate resource. Neither is there 

potential for prey dominance in the dynamics with competition between the populations. 

In Chapter III, the predator-prey dynamics are dominated by intraspecific competition in 

the predator population. Competition is accounted for between the prey and the earliest feeding 

stage in the predator. Because the predator shifts to an intermediate, exclusive resource before 

switching to predation, it is not connected to the prey in this intermediate life stage. In the early 

juvenile stage the predator experiences competition from the prey and in the piscivorous stage 

the predator forages upon the prey, but because these life-stages are not overlapping and 

separated by the independent, intermediate life stage, these two processes are independent from 

each other during predator growth. Therefore, it is not possible to develop a positive feedback 

from predating on the prey species and therewith reducing the competition for juveniles. 

Rather, predator population growth is completely limited by the growth bottleneck in the 

intermediate life stage. Top-down control on the prey population by the predator is possible 

when the feedback from foraging on the intermediate resource is negligible, but still the earliest 

feeding stage and the piscivorous stage remain decoupled and the limitation by competition 

with prey or cultivation and dominance over prey by predation do not occur simultaneously 

under the same environmental conditions. This means that only under different conditions (for 

example, different resource productivities or different extents of population feedback on 

resources), different processes may be structuring the community dynamics. Intrinsic to the 

trophic structure of the community there is the potential for all these different processes to 

occur, but only the effects of a selection of processes play out simultaneously under a given set 

of conditions. This notion has been recognized before from analysis of observed dynamics in 

empirical systems (Persson and De Roos 2012, Persson et al. under review). Accounting for the 

complexity in predator life-history creates a system configuration that does not concur with the 

underlying interaction scheme of an unstructured system and therefore leads to conclusions 

deviating from classical theory. 

Research question 4: 

How do competing size-structured consumer populations coexist? 

This question is analyzed in the model of two competing consumer populations (Chapter 

IV), where the interaction scheme is completely equivalent to competition in unstructured 

models, but the possible outcomes still contrast with classical predictions.  
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It is possible for two consumers with complete overlap in their resource use to coexist. 

This is possible because in the size-structured population model the dynamics are partly driven 

by intraspecific processes, rather than the interspecific interactions only, as is the case in 

unstructured population models. This results in a situation where populations have the potential 

to coexist because interspecific competitive inferiority can be compensated for by a more 

beneficial intraspecific dynamics (faster cohort cycle). The species with lower energetic 

efficiency can also drive the superior species to extinction, even when the latter has an exclusive 

resource for adult individuals. This effect is due to the intraspecific dynamics in both 

populations. 

In summary, incorporating size-structure within interacting populations reveals a suite of 

dynamical effects that cannot occur in unstructured population models. Recognizing these 

dynamics enables a deeper insight into the structuring processes underlying the patterns of 

community dynamics. 
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