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A Bird’s- Eye View of Community and  
Population Effects of Ontogenetic Development

Why start with summarizing the contents of a book? in the present case we 
see at least two good reasons. First, the amount of information provided in 
our book is without doubt quite massive. a summary provides an overview of 
the many topics that we cover and, we hope, reduces the risk that the reader 
will get lost in details and can no longer see the forest through the trees. 
second, and partly related to the first reason, a number of, in our mind, novel 
and fundamental insights (some of them were not even known to us when we 
started to write the book!) are advanced. here a summary serves the purpose 
of clearly showing how different chapters fit together in a general framework 
with respect to model approaches as well as results obtained. reading this 
summary chapter will show you the different types of community modules 
that we analyze (summarized in figure 1.3) and give you a clear impression 
of the results and insights that we present in this book. Most of all, we hope it 
will serve as an encouragement to delve in more detail into the chapters that 
follow.

histOriCal BaCKgrOunD

Ecology has a long tradition of building theory about the dynamics of popula-
tions and the structure of communities that emerge from it. the early founda-
tions for this theory were established by the pioneering work of alfred lotka 
and vito volterra, who formulated the most simple models for the dynamics 
of populations engaged in competitive and predator- prey interactions. lotka- 
volterra models have been used widely and form the basis of most, if not 
all, of our current theory on population and community processes. Because 
of their simplicity lotka- volterra models have often been viewed as leading 
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to predictions that are general and representative for many different systems. 
and yet, these models completely ignore one of the most important processes 
in an individual’s life history—one that is, moreover, unique to biology: 
development.

lotka- volterra models use population abundance as the state variable to 
characterize a population and describe changes therein using rather abstract 
demographic and community parameters such as population growth rates and 
coefficients of interaction between species. the dynamics of a population is 
described as the balance between reproduction and mortality, which increase 
and decrease abundance, respectively. in essence, these two processes are not 
unique to biological systems, as synthesis of particles from substituent ele-
ments and degradation of particles also occurs in, for example, chemical sys-
tems. analogously, increases and decreases in population abundance result 
from the reproduction and mortality, respectively, of individual organisms. 
however, no individual organism of any species can reproduce right after it 
has been born, nor is its chance to die the same throughout all stages of its life 
history. individual organisms go through an ontogenetic development, which is 
a major component of their life history. in fact, given that many individuals die 
before they manage to reproduce, ontogenetic development can be considered 
the most prominent life history process after mortality.

the intricacies of an individual’s life history, including its ontogenetic de-
velopment, have forever fascinated ecologists and have been studied exten-
sively. nonetheless, the absence of ontogenetic development as an important 
life history process from the core models of ecological theory has not been 
cause for major concern, nor has it been considered an important omission. 
the progression through different life stages has been accounted for in ma-
trix models that focus on the potential of population growth of single popula-
tions, but when considering interactions between species and models of larger 
communities, the simplification of the population to a number of individuals 
without distinguishing between these individuals has been the rule. Basic eco-
logical models thus ignore without much qualm the most prominent process in 
an individual’s life history, one that is unique to biological systems and has no 
counterpart in physical and chemical systems. 

the most important aspect of ontogenetic development in virtually all spe-
cies is an increase in body size. Body size, in turn, determines to a large extent 
an individual’s ecology in terms of its feeding, growth and reproduction rate, 
the food sources it can exploit, and the predators to which it is exposed. More-
over, in most species growth in body size is plastic, dependent on the environ-
mental conditions the individual experiences, in particular, the availability of 
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food resources that are required for its maintenance, growth, and reproduction. 
the consequences of such plastic and food- dependent ontogenetic develop-
ment for the dynamics of populations and the structure of communities are 
the subject of this book. We investigate these population and community con-
sequences using a collection of models that differ in the amount of detail with 
which the individual life history is represented (figure 1.1). all models account 
for growth in body size as the most important aspect of ontogenetic develop-
ment and rigorously adhere to a mass- conservation principle. thus, they ex-
plicitly account for the processes by which energy is acquired (feeding) and 
through which energy is spent (maintenance, growth, and reproduction). We 
also confront the predictions derived from these models as much as possible 
with experimental and empirical data that we either collected ourselves or that 
are available in the literature. More specifically, we present experimental and/
or empirical evidence for the majority of phenomena that we deduce from our 
model analysis.

We use two basic model formulations: a fully size- structured model formu-
lation with an explicit handling of continuous size distributions and a stage- 
based formulation with two stages (juveniles, adults). Most important, the 
latter can be shown to be a faithful approximation to the fully size- structured 
model formulation, as model results of the two formulations are completely 
identical under equilibrium conditions. in the stage- based formulation, the ju-
venile stage increases in biomass as a result of adult reproduction and somatic 
growth of juvenile individuals, whereas adult biomass increases as a result of 
maturation of juvenile biomass into adult biomass (figure 1.1, top panel). sig-
nificantly, all these rates are dependent on the resource biomass level. Biomass 
is lost from the system through mortality and energetic costs for maintenance. 
in the fully size- structured model formulation, individuals grow in body size 
over ontogeny to reach maturity at a specific size (figure 1.1, bottom panel). 
the rate of increase in size is a function of net intake (intake minus mainte-
nance costs). net intake and reproduction rates are also in this case dependent 
on resource biomass density.

a crucial question to ask when considering community effects of ontoge-
netic development is whether it matters that basic ecological models ignore 
this process when modeling population dynamics. in our opinion, the answer 
is obviously yes, as we otherwise would not have written this book. the book 
underpins this assertion by presenting the major consequences of ontogenetic 
development for community structure and population dynamics. Furthermore, 
we will show that the conditions under which development does not have a 
significant community influence represent only a limiting case. We hence 
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Figure 1.1. schematic representation of the two basic types of models used in the 
different chapters. Top panel: the consumer life cycle as a dynamic system repre-
sented by a two- stage biomass model where biomass is generated from ingested 
resources (solid gray arrows), lost through mortality and maintenance (open ar-
rows), and channeled between the juvenile and the adult stages through matura-
tion and reproduction, respectively (solid black arrow, dashed black arrow). in
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postulate that the ecological theory based on lotka- volterra models is all but a 
limiting case of a more general population and community theory. 

BiOMass OvErCOMPEnsatiOn

arguably the most important finding presented in the book is that an increase 
in mortality of a population can lead to an increase in its biomass, which runs 
counter to all our intuitive ideas about the consequences of mortality. Figure 1.2 
illustrates this phenomenon using the stage- based formulation schematically 
presented above for a consumer population, but in contrast to what is assumed 
in figure 1.1, juvenile and adult individuals forage on two different resources 
with otherwise exactly identical mass- specific feeding rates (this model is an-
alyzed further in chapter 6). When individual consumers forage to an equal 
extent on both resources (50 percent foraging effort on both resource 1 and 
2, respectively), irrespective of whether they are juvenile or adult, an increase 
in mortality of all consumers leads to the intuitively obvious result that total 
consumer biomass decreases (figure  1.2, left). Furthermore, the increase in 
mortality does not change the ratio between juvenile and adult consumer bio-
mass in equilibrium. the relative composition of the population hence remains 
the same. note that we have assumed in this model that individual consumers 
do vary in their body size as they grow from their size at birth to mature at an 
adult body size, but that per unit of biomass, the rates of feeding, maintenance, 
and mortality are the same for all consumers. the fact that both juveniles and 
adults exploit both resources to an equal extent makes them identical on a 
mass- specific basis. 

When juvenile consumers exclusively feed on resource 1 and at maturation 
switch to exclusively feeding on resource 2, the response of the population to 
an increase in mortality of all individuals is quite different: a higher mortality 
translates into a higher total biomass of the population, mainly because the 

addition, juvenile biomass increases through somatic growth (circular solid black 
arrow). Bottom panel: the consumer life cycle as a dynamic system represented 
by a physiologically or fully size- structured population model. Biomass is gener-
ated from a size- dependent intake of the resource (gray arrows) and lost through 
mortality (dotted arrow) and maintenance costs. individuals grow as a function of 
energy intake minus maintenance costs (black horizontal arrows). at a fixed size 
they start to reproduce (vertical and horizontal black arrow). in both formulations, 
all biomass growth and recruitment processes depend on resource availability.
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biomass density of juvenile consumers increases significantly, whereas adult 
consumer biomass only decreases with mortality, as before (figure 1.2, right). 
this positive relationship between mortality and biomass density in equilib-
rium we refer to as biomass overcompensation. Biomass overcompensation 
comes about because the relative composition of the population changes with 
changing conditions, that is, mortality. note that we refer to an increase in 
standing stock equilibrium biomass and not to an increase in a population dy-
namic rate process, such as the population reproduction rate, with increasing 
mortality. the latter is in fact more understandable and has been discussed 
before in the literature.

OntOgEnEtiC (a)syMMEtry in EnErgEtiCs

When does biomass overcompensation occur? this question brings us to an-
other important concept presented in the book, that of ontogenetic symmetry in 
energetics. in classical lotka- volterra models all individuals are by definition 
the same and thus characterized by equal rates of feeding, maintenance, repro-
duction, and mortality. as we will show, the population dynamics models that 
account for individual growth in body size throughout life history and hence 
for the population size structure, presented in figure 1.1 above, can under spe-
cific conditions be simplified to a single ordinary differential equation for the 
changes in total population biomass over time. More specifically, the classical, 
bioenergetics model presented by yodzis and innes (1992) represents an ex-
ample of such a model, which looks like an unstructured population model that 
characterizes the population with a single state variable: population biomass. at 
the same time, the yodzis and innes model can also be shown to exactly describe 
the dynamics of a fully size- structured population, in which all individuals ex-
perience the same mortality and per unit of body mass produce the same amount 
of new biomass through either somatic growth in body size or production of 
offspring. the condition that allows for simplifying a size- structured model to a 
simple model for total population biomass we refer to as ontogenetic symmetry 
in energetics, because of the symmetry between individuals of different body 
sizes (i.e., in different stages in their development) in the efficiency with which 
they convert ingested food into new biomass. under conditions of ontogenetic 
symmetry, size- structured population dynamics do not differ from the dynamics 
of unstructured populations: increases in mortality lead to the expected decrease 
in total population biomass, and changing external conditions such as mortality 
or food supply do not change the relative population composition.
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the results shown in the right panel of figure 1.2 hence occur because of on-
togenetic asymmetry between juvenile and adult consumers. in particular, ju-
veniles and adults differ because we have assumed that they forage on different 
resources that are produced at different rates. Figure 1.2 represents a situation 
with a high productivity of resource 1, on which the juveniles forage, whereas 
resource 2, exclusive to adult consumers, is in short supply. Juvenile and adult 
consumers thus experience very different feeding regimes. at low mortality 
this leads to a domination of the population by adults, because adult resource is 
limited in equilibrium. adult consumers then use most of their intake to cover 
their maintenance costs, and reproduction is low. at the same time, juvenile 
resource density is high, leading to rapid growth of juveniles from their size at 
birth to their maturation size and early maturation. 

hence, at low mortality a bottleneck occurs in the adult stage of the con-
sumer life history. an increase in mortality relaxes this bottleneck, as it de-
creases adult biomass and increases the availability of resource for the surviving 
adults. the latter, positive effect is so substantial that total reproduction by all 
adults together increases with increasing mortality. in turn, this increase in total 
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Figure 1.2. Changes in juvenile (light- gray solid lines), adult (black dashed 
lines), and total consumer biomass (dark- gray dotted- dashed lines), with increas-
ing mortality targeting all consumers equally in a consumer- resource model in 
which juvenile and adult consumers either forage to the same extent on two dif-
ferent resources (left; .q q q q 0 5, , , ,J J A A1 2 1 2= = = = , see box 6.2) or switch from ex-
clusively foraging on resource 1 as juvenile to foraging exclusively on resource 
2 as adult (right; ,q q q q1 0, , , ,J A J A1 2 2 1= = = = , see box  6.2). see boxes  6.1 and 
6.2 for model equations and parameters, respectively. results pertain to a con-
sumer population with characteristic adult body weight equal to .W 0 0001A=  
gram and maximum density of resources 1 and 2 equal to R 100,max 1=  mg/l and 
R 18,max 2=  mg/l, respectively. 
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reproduction translates into an increase in biomass of juveniles, which con-
tinue to experience high food availability and can cash in on the high supply of 
their resource. the biomass overcompensation hence occurs because individual 
consumers differ in their energetics, which results in a differential change in 
maturation and reproduction rate when an increase in mortality relaxes the in-
traspecific competition and resource densities increase. the differential change 
in maturation and reproduction rate leads to a change in population composition 
and ultimately to a more efficient use of the supplied resources.

Biomass overcompensation occurs when the ontogenetic symmetry in en-
ergetics is broken. in physics, symmetry breaking is known to bring a system 
from a disorderly state, which occurs in the symmetric case, into one of two 
definite states that are robust against small changes as opposed to the sym-
metric state. analogously, we can identify two distinct regimes of ontogenetic 
asymmetry in energetics. First, if juveniles are energetically less efficient than 
adults, a bottleneck in development during the juvenile stage will mostly limit 
the population at equilibrium when mortality is low. then, the population 
tends to be dominated at equilibrium by juveniles. increases in mortality will 
generically decrease juvenile biomass but increase adult biomass. second, if 
adults are energetically less efficient, a bottleneck in reproduction will limit 
the population at equilibrium when mortality is low, leading to adults making 
up the largest part of population biomass under these circumstances. increases 
in mortality will then decrease adult biomass but increase juvenile biomass. 
these two regimes of ontogenetic asymmetry, either juvenile development or 
adult reproduction limiting a population at equilibrium, are like two sides of 
a coin. a state of ontogenetic symmetry represents the dividing line between 
them. Just as in physics, the system states that are observed in the symmetric 
case, which in our case refers to the type and nature of community equilibria 
or the type of population dynamics predicted by a model, are sensitive to small 
changes in the energetic status of juveniles and adults. this is the reason why 
we postulate that classic ecological theory based on lotka- volterra models 
only covers a limiting case of the more general theory, which also encompasses 
cases with asymmetric conditions of individual energetics.

Biomass overcompensation occurs for almost all parameter combinations in 
different size- structured, consumer population models irrespective of the pre-
cise details of the individual life history that are accounted for in these models. 
Figure 1.2 does represent an extreme example, in that even total population bio-
mass increases with increasing mortality. in general, however, it is more likely 
to find that total population biomass decreases and only the biomass density of 
juveniles or that of adults increases in response to mortality. stage- specific bio-
mass overcompensation, for example, occurs when adults and juveniles share 
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the same resource but differ in their mass specific intake rate (figure 1.3, top 
row, left module). it is hence a generic phenomenon, although the precise form 
of biomass overcompensation may depend on model details (see chapter 3 for 
details). Crucial for its occurrence is the fact that individuals require energy to 
cover the costs for maintaining themselves, an aspect of individual life history 
that is often ignored in lotka- volterra models.

EMErgEnt COMMunity EFFECts OF  
BiOMass OvErCOMPEnsatiOn

under conditions of population regulation at equilibrium by limited juvenile 
development, the equilibrium density of adult biomass will not only increase 
in response to increases in mortality that targets all consumers equally but also 
in response to increases in mortality that target only juveniles or only adults. 
the same holds for the increase in juvenile equilibrium biomass with increas-
ing mortality: it occurs irrespective of whether mortality targets only juve-
niles, only adults, or both juveniles and adults equally (chapter 3; figure 1.3, 
top row, left module). Biomass overcompensation hence occurs irrespective of 
the precise size- dependency of the mortality imposed. this result immediately 
reveals the possible community consequences of biomass overcompensation. 
For example, consider that juvenile equilibrium biomass increases in response 
to increased juvenile mortality. if this mortality is imposed by a predator spe-
cies foraging on these juveniles, predators will experience a higher availabil-
ity of food (i.e., more juvenile consumer biomass) the higher the mortality 
they impose on these juveniles. thus, a positive feedback emerges between 
the stage- specific mortality that stage- specific predators impose and their food 
availability. 

at the population level, this positive feedback gives rise to an emergent 
Allee effect (chapter 4; figure 1.3, top row, middle module): low densities of 
predators fail to build up a population, as the predation mortality they impose 
on juvenile consumers is not sufficient to raise juvenile biomass density to 
levels that are high enough for predator persistence. in contrast, a high preda-
tor density will lead to an increase in juvenile consumer biomass that is suffi-
cient for predator persistence. Over significant ranges of resource productivity 
and predator mortality, this threshold behavior will imply that both an equilib-
rium without predators as well as a coexistence equilibrium of consumers and 
predators is stable. the allee effect, as embodied by the threshold predator 
density for persistence and the bistability between equilibria with and with-
out predators present, does not result from any specific model ingredient but 
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emerges as a consequence of the ontogenetic development of the consumers 
that the predators prey on. Emergent allee effects can occur for predators that 
specialize either on juvenile consumers or on adult consumers, depending on 
whether the consumer population in absence of predators is regulated by lim-
ited reproduction or development, respectively. they also occur in a far more 
detailed size- structured model that accounts for size- structure in both prey and 
predator population and in which prey vulnerability is a continuous function 
of both prey and predator body size (figure 1.1, bottom panel; see chapter 4 
for details). Furthermore, there is convincing evidence from an experimental 
manipulation of the fish community in an entire lake that corroborates the oc-
currence of emergent allee effects in natural systems.

a second type of emergent community effect, emergent facilitation between 
different stage- specific predators (chapter 5; figure 1.3, top row, right module), 
occurs because juvenile biomass in equilibrium also increases in response to an 
increase in adult mortality. Consider the effect of an adult- specialized predator 
species imposing predation mortality on adult consumers. this will translate 
into a higher density of juvenile biomass in equilibrium and thus to a higher 
food availability for a predator species that specializes on juvenile consumers. 
through the changes in the consumer population stage- structure, the adult- 
specialized predator thus benefits the juvenile- specialized predator. We will 
show that as a consequence the juvenile- specialized predator may only be able 
to persist in the presence of the adult- specialized predator that competes with 
it for the same prey species (chapter  5). Extinction of the adult- specialized 
predator then necessarily leads to extinction of the juvenile- specialized 
predator as well. such facilitation of the juvenile- specialized predator by the 

Figure 1.3. Principal trophic modules (R for resource, C for consumer, P for 
predator) considered in the different chapters. gray arrows represent ingestion, 
black solid arrows maturation, and black dashed arrows reproduction. Dashed 
gray arrows and dashed circles represent variations on the basic feeding relations 
and trophic modules (indicated by solid gray arrows and solid circles) investi-
gated in the different chapters. Dotted black arrows represent different types of 
additional mortality to which consumers are exposed. in chapters 3, 4, 6, and 7, 
both types of model, illustrated in figure 1.1, are used to investigate community 
structure, whereas chapters 5 and 8 use the stage- structured model only. Chapters 
9, 10, and 11 use the physiologically structured model (figure 1.1, bottom panel) 
with either continuous (chapter 9) or pulsed (chapters 10 and 11) reproduction.
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adult- specialized predator occurs over significant ranges of predator mortal-
ity. the reverse phenomenon, facilitation of the adult- specialized predator 
by a juvenile- specialized predator, also occurs readily, but for conditions in 
which the consumer population in absence of predators is mostly regulated 
in equilibrium by limited juvenile development. Biomass overcompensation 
in consumer populations in response to mortality thus indirectly gives rise to 
positive effects at higher trophic levels, either within the same predator popula-
tion (emergent allee effect) or among predators that forage on different size 
ranges of consumers (emergent facilitation).

OntOgEnEtiC niChE shiFts  
in COnsuMEr liFE histOry

in many species the ecology of individuals changes drastically with increases 
in body sizes. some of these changes are quantitative in nature, such as in-
creases in the rate of foraging and maintenance. individuals may, however, 
also switch diet and forage on completely different resources as juveniles and 
adults. such qualitative changes in ecology throughout individual life history 
are referred to as ontogenetic niche or diet shifts. Figure 1.2 already illustrates 
that more complex outcomes of population dynamics can be expected in cases 
where individuals change their diet at maturation, as it even allows for over-
compensation in total population biomass. 

in cases where juveniles and adults share a single resource, their ener-
getic efficiency determines whether at low mortality the population at equilib-
rium is regulated by slow juvenile development or by low adult reproduction. 
in contrast, these two modes of population regulation support two alterna-
tive stable states when juveniles and adults have different diets. under the 
same conditions of resource productivity and mortality, the population may 
equilibrate either in a stable state in which juvenile development is limited 
or in one in which adult reproduction is limited. this bistability between a 
development- controlled and a reproduction- controlled equilibrium of the 
consumer- resource system generically occurs over a wide range of resource 
productivities (chapter 6).

Ontogenetic niche shifts in consumer life history and the ensuing bistabil-
ity between a development- controlled and a reproduction- controlled equilib-
rium have implications for the occurrence of emergent effects at higher trophic 
 levels (chapter 6; figure 1.3, second row, left module). in particular, because 
total consumer biomass can increase with an increase in mortality that targets 
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all consumers equally (figure 1.2) an emergent allee effect can in this case 
occur for a generalist predator that feeds on both juvenile and adult consumers, 
which is impossible when juvenile and adult consumers share a single resource. 
For stage- specific predators the bistability between a development- controlled 
and a reproduction- controlled equilibrium of consumers implies that preda-
tors may be able to invade and persist only in one of these two stable states, 
in which the consumer stage they forage on dominates the consumer popu-
lation, whereas the food density they encounter in the alternative consumer 
equilibrium is too low for population growth. as a consequence, increasing 
the productivity of, for example, the resource that juvenile consumers forage 
on, eventually leads to extinction of a stage- specific predator species that spe-
cializes on the juvenile consumers. similarly, increasing productivity of the 
resource for adult consumers leads to extinction of an adult- specialized preda-
tor species. together, however, the juvenile- specialized and adult- specialized 
predator species can persist for all combinations of resource productivity that 
lead to extinction of one of the predators when alone. thus, through the onto-
genetic niche shift in consumer life history, the emergent facilitation between 
two stage- specific predators becomes reciprocal, whereas this facilitation is 
always only one- sided (either juvenile- specialized predators facilitate adult- 
specialized ones or vice versa) in cases where juvenile and adult consumers 
share a resource (chapter 6).

OntOgEnEtiC niChE shiFts  
in PrEDatOr liFE histOry

Many predator species do not prey on consumers throughout their entire life; 
as a juvenile they forage on smaller- size alternative resources. Predators hence 
often also exhibit an ontogenetic niche shift in their life history from basic 
resource–feeding to predation (figure 1.3, second row, right module). the oc-
currence of ontogenetic niche shifts in the life history of predators of size- 
structured consumers allows for the possibility of multiple (up to three) stable 
community equilibria under the same conditions of resource productivity. an 
ontogenetic niche shift of predators from feeding on their exclusive, alterna-
tive resource as a juvenile to preying on juvenile consumers as an adult al-
lows for the occurrence of a stable coexistence equilibrium of consumers and 
predators that is regulated by limited predator reproduction, next to a stable 
coexistence equilibrium that is regulated by limited predator development 
(chapter 6). if the predator preys on a consumer population that in absence of 
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predators is regulated by limited reproduction, it may in addition experience 
an emergent allee effect. in combination with the two types of coexistence 
equilibria, the emergent allee effect allows for the occurrence of three differ-
ent stable community states over certain ranges of resource productivity: (1) a 
stable consumer- only equilibrium without predators; (2) a stable coexistence 
equilibrium regulated by limited predator development during its juvenile 
stage; and (3) a stable coexistence equilibrium regulated by limited predator 
reproduction.

the type of regulation of the predator population at equilibrium has conse-
quences for both the composition of the consumer species it preys on as well 
as for the life history of the predators themselves (chapter 6). When limited 
development regulates the predator population at equilibrium, most intraspe-
cific competition for food among predators occurs in the niche during which 
they feed on their alternative resource, while intraspecific competition in the 
predatory niche is negligible. as a consequence, the predation mortality im-
posed on consumers is generally low, such that the consumer population tends 
to be regulated by limited reproduction and dominated by adults (note that we 
concentrate here on the more likely scenario of predators foraging on juve-
nile consumers, which in turn are more efficient in their energetics than adult 
consumers). 

if individual predators can grow in body size even after maturation, this 
high adult consumer density allows individual predators to reach very large 
body sizes, albeit only a few individuals manage to do so. in contrast, in the 
coexistence equilibrium with limited reproduction regulating the predator pop-
ulation, intraspecific competition is negligible in the resource- feeding niche of 
juvenile predators and mostly occurs in the predatory niche. Even if predators 
can grow in body size after maturation, they will not manage to do so, be-
cause food for adult predators is limited. Juvenile consumers experience high 
predation mortality in this coexistence equilibrium. this in turn leads to high 
resource densities for consumers, fast development of surviving juveniles, and 
high reproduction of adult consumers. if they are capable of somatic growth 
after maturation, the few surviving adult consumer individuals can in this coex-
istence state reach body sizes that are close to their maximum. in cases where 
consumers and predators can both grow in body size after maturation these 
two stable coexistence equilibria can be aptly distinguished as the “stunted- 
consumer” and the “stunted- predator” equilibrium, on the grounds that in 
either equilibrium individuals of one of the two species reach body sizes that 
are only slightly larger than their maturation size, whereas the other species 
grows to body sizes close to its maximum.
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When juvenile predators forage on a basic resource before switching to pre-
dation on consumers, the possibility arises that they compete in this resource- 
feeding niche with their future prey. this type of mixed interaction between 
consumers and predators, which can also be classified as intraguild predation 
or life- history omnivory, is considered to be a major force structuring natural 
communities (figure 1.3, third row, left module). Diet overlap between con-
sumers and juvenile predators restricts the coexistence possibilities of con-
sumers and predators (chapter 7). however, this outcome crucially depends on 
the extent to which adult predators need to feed on consumers to successfully 
reproduce. if adult predators can feed on the basic resource as well and gain 
sufficient energy from it for reproduction, they may drive consumers to extinc-
tion over large ranges of resource productivity (chapters 6 and 7). On the other 
hand, if preying on consumers is necessary for predator reproduction, consum-
ers are never driven to extinction by predators (chapter 7). 

Consumers and predators then coexist in stable equilibrium, in which pred-
ators dominate and overrule the competitive advantages of consumers through 
the predation mortality they impose. Consumers may become dominant owing 
to their advantage in resource competition, in which case the density of the 
resource that consumers and juvenile predators share becomes so low that 
juvenile predators experience a severe bottleneck in their development. ulti-
mately, this drives the predator to extinction. rather than leading to a balance 
between the competitive advantage of the consumer and the top- down suppres-
sion by the predator, mixed interactions, in which predators rely on the pres-
ence of consumers for persistence, thus lead to the occurrence of bistability 
between a competition- driven community state without predators present and 
a predation- driven coexistence state (chapter 7).

COMPEtitiOn BEtWEEn COnsuMErs With  
anD WithOut OntOgEnEtiC niChE shiFts

Figure 1.2 suggests that consumers that experience a niche shift in their life 
history from feeding on resource 1 as a juvenile to feeding on resource 2 as 
an adult may be able to exploit the available resources more efficiently at 
higher levels of mortality than at lower mortality. this change in efficiency 
with increasing mortality turns out to have major consequences for coex-
istence of different consumer species that compete for the same resources. 
Consumers that specialize on different resources in different stages of their 
life history are referred to as ontogenetic specialists. in contrast, ontogenetic 
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generalists do not change their pattern of resource usage throughout their life 
history. 

in competition for two basic resources an ontogenetic specialist and an on-
togenetic generalist can coexist in a stable equilibrium for certain combina-
tions of resource productivity (chapter 8; figure 1.3, third row, right module), 
while for other combinations of resource productivity either the ontogenetic 
specialist outcompetes the generalist or vice versa. the diet shift in itself thus 
leads to niche partitioning between the specialist and the generalist, even in 
cases where both consumers are energetically equally efficient (chapter 8). in 
general, the range of resource productivities for which the ontogenetic special-
ist outcompetes the generalist is larger when specialists do not switch com-
pletely from foraging on resource 1 as a juvenile to foraging on resource 2 as 
an adult, but rather when both juveniles and adults exploit both resources to a 
varying extent. 

Ontogenetic specialists also outcompete ontogenetic generalists over larger 
ranges of resource productivity when mortality is high, which is not surprising 
given the increase in energetic efficiency of specialists with increasing mortal-
ity illustrated in figure 1.2. this increase in competitive ability with increasing 
mortality has very counterintuitive consequences for the coexistence of ontoge-
netic specialists and generalists in the presence of shared predators. the classic 
idea is that shared predators can promote the coexistence of an inferior and a su-
perior competitor species, only if in the presence of predators the dominance of 
superior competitors is countered by higher predation mortality. such predator- 
mediated coexistence of competitors thus relies on a trade- off for the two com-
petitors between their competitive ability and vulnerability to predation. 

When consumers go through an ontogenetic niche shift, however, this trade- 
off is not necessary for coexistence of the two competitors in the presence of a 
shared predator, as a consequence of the increase in energetic efficiency with 
higher mortality of ontogenetic specialists. More specifically, we show that 
an ontogenetic specialist with a significant competitive disadvantage, such 
that it is always outcompeted by the ontogenetic generalist in the absence 
of predators, can outcompete the generalist when predators are present. this 
reversal of competitive dominance occurs even if the ontogenetic specialist is 
the preferred prey of the predators and predators attack specialists at a higher 
rate than generalists (chapter 8). hence, even with a double handicap, both a 
competitive and a predatory disadvantage, the ontogenetic specialist outcom-
petes the generalist over a significant range of resource productivities when 
predators are present as a consequence of the fact that the adaptability of its 
population stage structure allows it to exploit resources more efficiently when 
mortality increases.
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OntOgEnEtiC (a)syMMEtry in EnErgEtiCs  
anD POPulatiOn DynaMiCs

in simple but generic models that account for the size structure of a con-
sumer population, ontogenetic symmetry in energetics leads to the same type 
of dynamics as observed in lotka- volterra predator- prey models: if resource 
growth is logistic, classical predator- prey cycles occur at high resource carry-
ing capacity. if resource growth follows semichemostat dynamics and resource 
productivity is hence independent of resource density, the size- structured 
consumer- resource system approaches a stable equilibrium, as unstructured 
lotka- volterra models would. in contrast, size- structured consumer- resource 
models predict qualitatively different types of dynamics to occur in the two 
different regimes of ontogenetic asymmetry in energetics, which are character-
ized by either juveniles or adults being more efficient in acquiring food and/or 
their use of assimilated energy.

With semichemostat resource dynamics (i.e., constant resource productiv-
ity independent of resource density) size- structured consumer- resource models 
(figure 1.3, bottom row, left module) predict regular population cycles to occur 
in both regimes of ontogenetic asymmetry (chapter 9). the characteristics of 
these population cycles are, however, quite different in the two regimes. in 
cases where juvenile consumers are more efficient in their acquisition and use 
of energy, juveniles tend to outcompete all older and larger conspecifics, be-
cause their higher efficiency allows them to survive at lower resource densities. 
as a consequence, cycles in population density with large amplitude occur, in 
which the population is dominated by one and the same cohort of individuals 
throughout the entire cycle. in these so- called juvenile- driven cycles adult con-
sumers are not continuously present in the population but only occur when the 
dominant cohort matures. Following maturation a dominant cohort produces a 
pulse of offspring that makes up the next dominant cohort. their more efficient 
use of energy allows the offspring cohort to drive their parents to extinction, 
thereby monopolizing the population entirely. the life history of individual 
consumers in these population cycles resembles the consumer life history in a 
population equilibrium that is regulated by limited adult reproduction: juvenile 
growth in body size is fast, leading to short juvenile periods and high juvenile 
survival, while adult fecundity is low and adult lifespan is short. Moreover, the 
ratio between juvenile and adult consumer density is low during these cycles, 
as it is in a reproduction- controlled equilibrium state.

in cases where adult consumers are more efficient in their acquisition and 
use of energy, population cycles also occur over large ranges of parameters, 
but the amplitude of these so- called adult- driven cycles is much smaller 
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(chapter 9). the composition of the consumer population during these cycles is 
relatively constant, with juveniles and adults coexisting continuously through-
out the cycle. Juvenile growth in body size is in this case slow and is further 
retarded when a pulse of consumers matures. the retardation of juvenile de-
velopment and the consequent long juvenile period and low juvenile survival 
are major factors giving rise to the cycles. adult fecundity and the ratio be-
tween juvenile and adult density are both high. these characteristics closely 
resemble the characteristics of an equilibrium state regulated by limited juve-
nile development.

in many aspects juvenile- driven and adult- driven population cycles thus 
resemble the consumer equilibrium states, regulated by limited reproduction 
and limited development, respectively. Both types of cycles have a period 
that is close to the duration of the juvenile stage, which distinguishes them 
from the classic predator- prey cycles occurring in unstructured lotka- volterra 
type models. When resource growth is logistic as opposed to following 
semichemostat dynamics, the size- structured consumer population exhibits 
complex dynamics as a result of an interaction between the cyclic tendency 
originating from the ontogenetic asymmetry in energetics and the cyclic ten-
dency embodied in classic predator- prey cycles (chapter 9). in cases where 
adult consumers are more efficient in their energy use, this interplay results 
in the occurrence of two types of cycles over large ranges of parameters: one 
large- amplitude cycle that resembles the classic predator- prey cycle and an-
other, with smaller amplitude, resembling the adult- driven ontogenetic cycle. 
in cases where juvenile consumers are more efficient in their use of energy, 
however, such bistability does not occur, and the resulting dynamics are more 
of a mixed type, in- between the juvenile- driven ontogenetic cycles and classic 
predator- prey cycles.

Juvenile- driven and adult- driven population cycles also occur in size- 
structured consumer- resource models that in more detail represent specific eco-
logical systems. these cycles therefore seem to be robust population dynamic 
patterns, which occur independently of rather drastic changes in model as-
sumptions—for example, whether reproduction occurs continuously through-
out the year or only as a pulsed event in the beginning of summer (chapter 10; 
figure 1.3, bottom row, middle module). the type of ontogenetic asymmetry, 
whether juveniles or adults are energetically more efficient, determines which 
type of cycle ensues. 

Other types of intraspecific interaction may annul the size- dependent, in-
traspecific competitive relations between juveniles and adults and thus sup-
press the occurrence of population cycles. as a particularly well- studied 
example, cannibalism of juveniles by adult conspecifics may stabilize 
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juvenile- driven population cycles that result from ontogenetic asymmetry 
in energetics (chapter 11; figure 1.3, bottom row, right module). however, 
the interplay between size- dependent competition for resources and size- 
dependent cannibalism also gives rise to new population dynamics phenom-
ena. at low intensity, cannibalism of juveniles by adults completely cancels 
out the competitive advantage of juveniles, leading to rapid juvenile growth 
and low juvenile survival, while adult cannibals reach body sizes that are only 
slightly larger than their size at maturation. in a number of aspects this type 
of cannibal- driven dynamics resembles the “stunted- predator” equilibrium 
state that we observed in mixed interaction systems, in which juvenile preda-
tors compete for resources with consumers they prey on as adults (chapter 7). 
the cannibal- driven dynamics can be viewed as a single- species version of 
this “stunted- predator” dynamics. 

at higher intensities of cannibalism, we also find a single- species analogue 
of the “stunted- consumer” equilibrium that occurred in mixed interaction sys-
tems (chapters 7 and 11). in this case a few adult cannibals can reach large 
(giant) body sizes, while the population as a whole is mainly regulated by 
resource competition among small juveniles. this competition leads to slow 
juvenile development, long juvenile periods, and relatively high juvenile sur-
vival. Because the mixed interaction now occurs within one and the same can-
nibalistic population, the two states are not simultaneously stable. rather, the 
population alternates over time between these two regimes, giving rise to a new 
type of dynamics that we refer to as “dwarf- and- giant” cycles (chapter 11). 
in such cycles, periods of cannibal- driven and competition- driven dynamics 
alternate, in which the population is mainly regulated by top- down suppres-
sion of juveniles through cannibalism and competition for resources among 
juveniles, respectively. an extensive dataset on experimental lake systems sup-
ports model predictions for the occurrence of these dynamics in a number of 
cannibalistic systems (chapter 11).

Formulation and parameterization of detailed size- structured population 
models, as exemplified by the consumer- resource model (chapter 10) and the 
cannibal- resource model (chapter 11) that we study, requires the availability 
of large amounts of experimental data to carefully parameterize the various 
functions (for example, size- dependent feeding and maintenance rates, and 
energy allocation rates to growth and reproduction) describing individual life 
history. this data “hunger” of detailed models can be seen as a disadvantage, 
but detailed models also provide the advantage that they allow for extensive 
confrontation of model predictions against empirical data. in particular, they 
allow for more than just testing empirical observations on population- level sta-
tistics, such as the amplitude and periodicity of cycles. a major, but rather 
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unknown advantage of detailed size- structured models is that they make pre-
dictions about individual life history under conditions of density dependence 
and population feedback. Because they do not directly result from and hence 
are rather independent of the model assumptions, these predictions can be used 
for tests of model performance against observations on life history in natural 
situations. For both the size- structured, consumer- resource and the cannibal-
ism model, such tests reveal the close match between model predictions and 
empirical data (chapters 10 and 11).

gEnEralizatiOn

the population and community effects of ontogenetic development that are 
discussed above have all been derived for systems in which the growth rate in 
body size during the ontogeny of individual organisms strongly depends on the 
availability of food. although this is valid for the large majority of species, the 
growth patterns of mammals and many bird species is much less influenced by 
food availability and is more under genetic control. several lines of evidence 
suggest, however, that the insights we obtained also hold more generally, for 
example, for systems in which growth rate in body size is largely independent 
of food availability and genetically more predetermined.

When growth in body size is genetically predetermined, it is not the supply 
(i.e., availability) of food that determines the energetics of individual organ-
isms but the demands on energy for growth, maintenance, and reproduction. 
such demand- driven energetics necessitate that energy storage of individual 
organisms in the form of reserve (i.e., fat) tissue is explicitly accounted for in 
population dynamic models, as the predetermined costs for somatic growth 
and maintenance have to be covered from these reserves in times of food 
shortage. We show that as a rule biomass overcompensation also occurs in a 
size- structured consumer- resource model based on demand- driven energetics 
of individual organisms (chapter 12). this biomass overcompensation again 
results from differential responses in maturation and reproduction rate, when 
intraspecific competition is relaxed and resource density increases at higher 
mortality levels. the changes in maturation rate, however, do not result from 
a shorting of the juvenile period, which is constant given the predetermined 
growth rate in body size. rather, the changes in maturation and reproduction 
rate now result from differential changes in the amount of energy storage by 
juvenile and adult consumers when resource density increases.

this size- structured consumer- resource model based on demand- driven en-
ergetics also displays the same two types of population cycles that we identified 
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for size- structured models for consumers with supply- driven energetics (com-
pare chapters 9 and 12). Juvenile- driven and adult- driven cycles occur when 
juveniles and adults are more efficient in their acquisition and use of energy, 
respectively. Moreover, the cycle characteristics in the demand- driven size- 
structured model in most major aspects resemble the characteristics of the two 
types of cycles in supply- driven, size- structured consumer- resource models. 
lastly, theoretical considerations and experimental evidence also suggest that 
adult- driven cycles may be an important dynamic feature of populations of 
unicellular organisms as well. 

altogether, these lines of evidence hint at the generality of the distinct phe-
nomena that we have revealed for the two different regimes of ontogenetic 
asymmetry, governed by a higher energetic efficiency of either juveniles or 
adults. above all, we hope it will convince readers also to consider ontogenetic 
development in their own research as a major and important life history pro-
cess shaping population and community dynamics. 

Enjoy reading the details in the subsequent chapters!




