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Summary 

This thesis reports the results from the analysis of size-structured population 

models that were carried out to address several hypotheses on predator-prey 

community structure and dynamics. These hypotheses (described in the general 

introduction, Chapter I) are relevant in the context of collapsed marine predator 

populations in general and for the case of collapsed Atlantic cod (Gadus morhua) 

populations in particular.  

Chapter II reveals the importance of accounting for size- rather than age-

structure in fish community dynamics by showing in two examples the potential for 

a positive response in stage-specific biomass with increased mortality. The first 

example concerns a model of a size-structured zooplanktivore (consumer), like 

herring or capelin, which is foraged upon by cod and marine mammal predators. 

Rather than competitive effects, there is facilitation from marine mammals on cod, 

due to the differences in prey-size preferences of these predators. Increasing 

mortality of the large size-range of the prey species (by mammal predation) results in 

an increase in biomass of small individuals, thus increasing the food availability for a 

predator preferring the small size range (cod). In the second example the interaction 

between marine mammal predators and cod fisheries is modeled. Both marine 

mammals and fisheries target cod, but with preferences for different size classes. 

Contrary to intuition, the predation on juvenile cod by marine mammals may benefit 

fisheries by increasing the yield with respect to a situation without marine mammals. 

In Chapter III two possible predator-prey community scenarios are analyzed 

that may result from the occurrence of two ontogenetic niche shifts during predator 

life history. In both scenarios the predator-prey dynamics show cohort cycles, 

without overlap between subsequent generations. This dynamic behavior is caused 

by the size-dependent energetic efficiency of individuals (smaller cohorts 

outcompeting larger cohorts) and the reproduction that is modeled as a discrete 

yearly event. In the first scenario predator population dynamics is regulated by 

growth in the intermediate life stage (i.e. the size class preceding the predatory life 

stage). In this case top-down control of the prey population by the predator turns out 

to be impossible. For the second scenario the intermediate resource is assumed to be 

at a constant level (i.e. feedback from foraging by the predator is considered 

negligible). In this case the predator can exert top-down control on the prey species 

and even drive it to extinction at high resource productivity levels. Accounting for 

competition between prey and early life stage predators does not qualitatively 
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change the results in either of the scenarios. Including competition has only a 

quantitative influence on the potential for coexistence, in the sense that it negatively 

affects the range of resource productivity levels allowing for coexistence of predator 

and prey. But in neither of the two scenarios we find the occurrence of alternative 

stable states. 

The results presented in Chapter IV show how competition between two size-

structured consumer species, reflecting Baltic herring and sprat, affect community 

structure. One species (herring) has a larger maximum size, larger maturation size 

and requires lower resource densities for persistence than the second species. 

Notwithstanding the ability of the larger species to depress the shared resource to 

lower levels and its accessibility to an exclusive resource, coexistence is possible over 

a large range of resource productivities. Moreover, because of the smaller size at 

maturation of the second species, it is even able to exclude the first, larger and 

competitively superior species under particular conditions. 

In Chapter V an important assumption in the model as presented in Chapter III 

is revisited, regarding the form of the ontogenetic niche shift to predation. This 

chapter shows the results from the analysis of a second model, in which the predator 

loses access to the intermediate resource when switching to predation and thus 

exhibits a complete niche shift. As in Chapter III, the dynamics are strongly cohort-

driven, which means that the predator population consists of a single cohort. Because 

of the complete diet shift, the predator becomes completely dependent on the fish 

prey, which creates a tight link between the timing in presence of predators 

switching to foraging on prey and the presence of prey with sizes suitable for 

predation. This model results in the occurrence of alternative stable states with and 

without predators due to the density dependent growth in the predator population, 

which can result in either a positive or a negative effect on persistence. Due to the 

positive effect persistence is possible when the predator population is at high density, 

but recovery from low densities is impossible. The second major result from the 

model with complete shift is the occurrence of an effect that is called ‘the invader 

strikes back’ phenomenon. Due to the negative effect from density dependent 

growth in the predator population, conditions at low predator population densities 

allow for predator invasion into the system, but establishment is impossible because 

of the population feedback on the environment. 

In Chapter VI the model from Chapter III is used to test four hypotheses that 

are often postulated as explanations for the lack of recovery of marine predators 

following population collapses. These hypotheses are tested both in a scenario 

without top-down control as well as in a scenario with top-down control.  
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Additional mortality during predator eggs can be as high as 98% mortality 

during the egg stage before the predator population goes extinct. In the top-down 

scenario increasing the additional mortality of predator eggs leads to biomass 

overcompensation and increases the top-down control that the predator imposes on 

the prey population, resulting in lower coexistence potential than without additional 

mortality in the egg stage of the predator. 

When cannibalism is included in the predator and resource productivity is 

high, predators become larger than without cannibalism (especially in the no-top-

down scenario). In the top-down scenario cannibalism relaxes the top-down control 

on the prey population and increases the potential for coexistence. 

Additional mortality of adult prey did not qualitatively change the outcomes of 

the model with respect to the baseline dynamics. 

Additional mortality of large predators results in predator extinction for high 

resource productivity and the occurrence of bistability in the scenario without top-

down control. Bistability occurs between a coexistence state and a state in which the 

predator was absent from the system, due to the beneficial effect of slow 

development under high mortality conditions for large predators. In the scenario 

with top-down control, additional mortality of large predators results merely in a 

reduction of the potential for persistence but does not lead to dynamics that are 

qualitatively different from the baseline dynamics.  

Together, the results presented in this thesis illustrate the importance of 

population size-structure in shaping community dynamics of predator-prey systems. 

The general discussion, Chapter VII, elaborates further on the implications of the 

size-dependent modeling of individual energetic processes as well as trophic 

interaction networks. 
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