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ABSTRACT: Size variation within species 

as a result of individual growth and develop-
ment over the life cycle is a ubiquitous feature 
of many aquatic organisms. We review the im-
plications of this size variation for the dynam-
ics of aquatic systems. Ontogenetic develop-
ment results in differences in size dependent 
competitive abilities between differently sized 
individuals giving rise to cohort cycles that are 
qualitatively different from traditional predator 
prey cycles. Size-dependent interactions also 
mean that the type of interaction – competitive 
or predatory – changes over the life cycle as a 
result of an increase in size. At the intraspecific 
level, cannibalistic interactions may, depending 
on the life history characteristics of the can-
nibal, give rise to either equilibrium or cycles 
driven by a mixture of inter-cohort cannibal-
ism and competition. In multispecies contexts, 
size variation and particularly food dependent 
growth lead to the presence of alternative states 
involving catastrophic collapses. These size-
structured interactions have so far been mainly 
demonstrated for fish and cladocerans, but do 
have whole lake food web ramifications.

KEY WORDS: size variation, cohort cycles, 
cannibalism, alternative states, intraguild preda-
tion 

1. INTRODUCTION

A striking feature of natural communi-
ties is the variation in size that exists among 
organisms (Gaston and L awton 1988, 
Werner  1988). Body size has also been a 
major variable to consider when unravelling 
the mechanisms behind the structure of eco-
logical systems starting from Hutchinson’s 
classical “Homage to Santa Rosalia” paper 
(1959). The central role of body size in ecol-
ogy is not surprising given that body size is 
the most important variable affecting eco-
logical performance of organisms including 
foraging ability, metabolism, predation risk 
and fecundity (Peters  1983, Calder  1984, 
S ebens  1987, Werner  1988, Persson and 
De Roos  2005). Correspondingly, body size 
plays a central role in a number of ecological 
questions like body size-abundance patterns, 
interaction strengths and predator-prey size 
ratios, body size spectra, and also forms the 
basis for many food web models and meta-
bolic theory (C ohen et al. 1993, Wil l iams 
and Mart inez  2000, Kerr  and Dickie 
2001, Brown et al. 2004).

Aquatic systems are no exception to the 
rule that body size heavily influences ecologi-
cal patterns and interactions. Typical for lake 
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ecosystems is also that the average body mass 
of the individual increases dramatically from 
lower trophic components such as bacteria 
and phytoplankton to higher trophic com-
ponents such as piscivorous fish (C ohen et 
al. 2003). For example, the size of the phyto-
plankton Scenedesmus amounts to 0.03 mm 
whereas the adult size of a top predator like 
pike (Esox lucius L.) may be as large as 1500 
mm. Interestingly, we also see a major shift 
in the temporal and spatial scales that the 
organisms live on with changes in body size. 
The generation time of bacteria, for example, 
is on the time scale of minutes whereas that of 
piscivorous fish is on the time scale of many 
years (Vanni  1996). Correspondingly, the 
spatial scale on which small organisms live 
may be within a square meter, whereas that 
of anadromous fish may be on many square 
kilometres. Body size also heavily influences 
the ecological interactions among aquatic 
organisms. A well-known example is the ef-
fects of body size on the competitive ability 
of Daphnia (Gl iwicz  1990). Similarly, pred-
ator-prey interactions are heavily structured 
by size-dependent interactions with the clas-
sical example of the effect of planktivorous 
fish predation on the size distribution of zoo-
plankton (Brooks  and Dodson 1965).

The studies referred to above have 
stressed the importance of body size for eco-
logical patterns and interactions, but have, at 
the same time, restricted themselves to size 
variation among species. This contrasts to 
that a substantial amount of the variation in 
body size in ecological communities is due 
to variation within species. In particular, the 
fact that most organisms undergo substantial 
changes in size over their ontogeny is largely 
neglected in the above literature (Werner 
and Gi l l iam 1984, Werner  1988, Wilbur 
1988, De Roos  et al. 2003). The purpose of 
our paper is to give an overview of the im-
plications of ontogenetic size variation for 
the dynamic of ecological communities with 
special reference to aquatic systems. We will 
consider how ontogenetic size variation will 
affect both the dynamics of populations (in-
ter-cohort competition and cannibalism) as 
well as community structure (food chains 
and intraguild predation modules). Examples 
of dynamical consequences of within species 
size variation include cohort (generation) cy-

cles and consequences for community struc-
ture include the presence of Allee effects 
leading to alternative states (Persson  et  al . 
1998, De Roos  and Persson 2002). Before 
considering these effects, we will first as a 
background give a brief overview of growth 
patterns in different organisms. In our treat-
ment, we use size to refer to both length and 
weight considering that weight is generally a 
power function of length.

2. GROWTH PATTERNS IN DIFFERENT 
ORGANISM GROUPS

Werner  (1988) showed in an overview 
that the majority of organisms exhibits sub-
stantial changes in size and/or morphol-
ogy over their ontogeny. This pattern results 
partly from the dominance of organisms 
undergoing metamorphosis during their life 
cycle (85% of all taxa, 25 of 33 phyla) (Wer-
ner  1988). Even if only vertebrates are con-
sidered, individuals of 75% of all taxa still 
show substantial growth during most of their 
life, which is due to the taxonomical domi-
nance of fish, amphibians and reptiles. Es-
sentially, it is only among altricial birds and 
some mammals where the young is close to 
the adult body size when becoming inde-
pendent of its parents (i.e. when they have to 
gather food themselves) (Werner  1988). It 
is also striking that one common trait among 
the two groups where the juvenile is closer 
to adult size when becoming independent of 
their parents (birds and mammals) is endo-
thermy and a considerably higher body tem-
perature than what is found in other groups 
(Case  1979, Stearns  1992). Poikilothermic 
organisms, which totally dominate in fresh-
water systems, are thus more likely to exhibit 
large changes in size/morphology from the 
moment when the individual starts to search 
for food independently.

The growth of organisms after that they 
become independent of their parents can 
take a number of different forms. In some 
organisms, such as fish, growth is relatively 
continuous over the whole life cycle, whereas 
in other groups growth occurs in discrete 
stages as is the case in scorpions. As already 
mentioned, the majority of animal species 
undergoes metamorphosis where growth can 
take place among both juveniles and adults, 
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among juveniles only or among adults only. 
Restricting the focus to aquatic organisms, 
the degree of size variation related to ontoge-
netic growth correlates with both the trophic 
position of the organism and the temporal 
and spatial scales that it lives on. These re-
lationships are essentially reflections of that 
the average (or rather adult) body size of a 
species correlates with the extent of size vari-
ation that is found over the ontogeny. 

Size variation is present within popula-
tions of organisms at lower trophic positions 
such as bacteria, phytoplankton, heterotro-
phic flagellates and protozans, but intraspe-
cific size variation is much smaller in these 
organisms than in organisms at higher tro-
phic levels such as copepods, cladocerans 
and fish. In fish in particular, the size ratio 
between hatching and maturing individu-
als may amount to 2 orders of magnitude in 
length and 7 orders of magnitude in mass 
(S cott  and Crossman 1973). 

The substantial size changes that, for ex-
ample, fish undergo during their life cycles 
impose a series of constraints on the body 
morphology of organisms related to both 
physical and biological processes (Wer-
ner  1988, Stearns  1992). For example, the 
Reynold numbers affecting the movement 
mode of the organism is vastly different 
between a small new-born individual and 
a large mature individual. For small organ-
isms, the low Reynolds number means that 
they swim with friction as the propulsive 
mode, whereas large organisms use the iner-
tia of the water to propel themselves (Wer-
ner  1988). Ecological constraints relate to, 
for example, which prey types an organism 
with a specific body morphology and size 
can efficiently utilize (Werner  1988). Size 
changes over the life cycle of the individual 
will thus affect its ecological performance as 
a result of both physical and biological con-
straints. Also the main type of interaction 
that an individual is engaged in will change 
as a result of growth (Werner  and Gi l-
l iam 1984, Persson 1988, Wilbur  1988). 
In the following, we will consider the effects 
of growth for population and community 
dynamics starting with the most simple tro-
phic interaction: one consumer and one re-
source. Although our treatment will include 
a substantial amount of results derived from 

modeling, we will not consider the modeling 
framework (physiologically structured pop-
ulation models) per se. Instead we refer the 
interested reader to papers by De Roos  et 
al. (1990), De Roos  (1997) and Persson et 
al. (1998) for an introduction to physiologi-
cally structured population models.

3. CONSUMERRESOURCE 
INTERACTIONS 

AND ONTOGENETIC SCALING

To the ecologists in general the most 
well-known dynamical phenomenon result-
ing from consumer-resource interactions are 
predator-prey cycles (“paradox of enrich-
ment cycles”, “prey escape cycles”) (Rozen-
zweig  1971, De Roos  et al. 1990). Preda-
tor-prey cycles result from the interactions 
between consumer and resource and depend 
on two important elements of consumer 
and prey: a type II functional response in 
the consumer and logistic growth in the re-
source. Classical consumer-resource cycles 
are characterized by a time lag between the 
maximum number of consumers relative to 
the maximum number of resources equal to 
¼ of the fluctuation period and also assume a 
stable age distribution over time. A literature 
review over populations where cycles were 
present suggests that only about 40% of the 
observed cycles are classical predator prey 
cycles, whereas the rest are cycles involv-
ing size/stage-dependent interactions (de-
layed feed back and single generation cycles) 
(Murdoch et al. 2002). In other words, the 
majority of observed cycles is not of the clas-
sical consumer-resource type, but involves 
size/stage dependent mechanisms.

In freshwater systems, Daphnia has 
served as a major model system to study 
population dynamics and cohort cycles have 
been found to be a dominating class of cycles 
in experimental studies (Murdoch and Mc-
Cauley  1985, McCauley  and Murdoch 
1987, 1990, McCauley  1993, McCauley 
et al. 1999). Cohort cycles are characterized 
by 1) a lower cycle amplitude in Daphnia 
(consumer) and algae (resource) compared 
to predator-prey cycles, and 2) that the size 
(age) distribution of the consumer varies 
over time (Fig. 1). The latter condition re-
sults from a time lag between peaks in abun-
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dance of juveniles and adults (McCauley  et 
al. 1999) (Fig. 1). In an elegant experiment, 
McCauley  et al. (1999) were able to shift 
the dynamics from cohort cycles to predator 
prey cycles by exchanging produced resting 
eggs with juveniles suggesting that the pro-
duction of resting eggs during harsh con-
ditions is one reason for why cohort cycles 
dominate in Daphnia systems. Cohort cycles 
are driven by interactions between cohorts 
within the consumer, but although the ex-
perimental studies on Daphnia have clearly 
demonstrated the existence of cohort cycles, 
the mechanism(s) driving these cycles are 
far from understood in Daphnia (De Roos 
1997). This concerns, for example, whether 
the cycles are driven by a change in adult 
numbers or in adult fecundity. Moreover, 
there exist major discrepancies between 
model predictions and experimental data in 
demographic characteristics like adult/juve-
nile ratios. Despite substantial efforts to un-
ravel the reasons for the discrepancies found 
between experiments and modelling, the dis-
crepancies still remain. 

One reason for why it has proved to be 
hard to resolve the discrepancies between 
models and data relates to the continuous 
mode of reproduction in Daphnia making 
it very difficult to separate out and follow 
cohorts over their development. In systems 
where reproduction takes place as discrete 
events like in fish in temperate systems, there 
is natural separation of different cohorts. 

This has made it possible to rather precisely 
nail down the mechanisms driving the cycles 
in these organisms. Persson et al. (1998) 
derived a size-structured model where pro-
cesses like consumption, metabolism and 
mortality were modelled as continuous pro-
cesses whereas reproduction took place once 
a year at the start of the growing season re-
sulting in a separation of cohorts born at dif-
ferent times. The modelling results showed 
that 3 main types of dynamics could evolve: 
cycles driven by recruiting individuals, cy-
cles driven by larger (“resident”) juveniles 
and equilibrium conditions. Interestingly, it 
could be shown that the population dynam-
ics observed can be understood by the indi-
vidual level size scalings of 3 components: 
the attack rate, the handling (digestion) time 
and metabolism (Fig. 2 upper panels). Given 
the size-dependent relationships of these 3 
components, the net energy surplus (intake-
costs) can be calculated. Setting this energy 
surplus to zero, in turn, allows the calcula-
tion of the lowest resource density that an 
individual of a specific size needs for mainte-
nance (the critical resource density) (Pers-
son et  a l .  1998) (Fig. 2 lower panel). 

In Fig. 2 is shown how the critical re-
source density varies with body size for 3 dif-
ferent size scalings of the attack rate (upper 
left panel) for given size scalings of metabolic 
rate and handling time (upper panel, 2 left 
panels). With a relatively shallow slope for 
the attack rate body size relationship (α = 
0.67), the critical resource density increases 
monotonically with body size leading to that 
smaller individuals always can tolerate lower 
resource levels than larger individuals. In-
creasing the slope of the size scaling of the at-
tack rate (α=0.95) leads to a situation where 
the curve for critical resource density as a 
function of body size is relatively flat, i.e. dif-
ferently size individuals can tolerate similarly 
low resource levels. Increasing the size scal-
ing of the attack rate further (α = 1.1) leads to 
a situation where the critical resource density 
first decreases with body size to thereafter 
increase for large individuals. These qualita-
tively different forms of the critical resource 
density–body size relationships translate into 
different population dynamics. If the critical 
resource density increases monotonically 
with body size, recruiting new-born indi-
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viduals will be competitively superior and 
their large numbers will cause a depression 
of the resource leading to that older mature 
individuals are out-competed. The dominat-
ing cohort will consequently lead to a cycle 
with a length determined by the time it takes 
for the cohort to mature (i.e. cycle length = 
generation time). For a relatively flat critical 
resource density – body size relationship, the 
different size cohorts are almost equal com-
petitors leading to equilibrium conditions 
with coexistence of many cohorts. Finally, if 
the critical resource density first decreases 
with body size, dominating older juveniles 
may prevent recruitment of new cohorts by 
depressing the resource to a level where new-
born individuals starve to death. Also this 
case results in cohort cycles with cycle length 
= generation time (Persson et  al .  1998).

Experiments on size-dependent func-
tional response in fish suggest that the size 
scalings of attack rate, handling time and me-
tabolism are such that recruit-driven cohort 
cycles are expected to be rule (Persson and 

De Roos  2006). This expectation is sup-
ported by detailed analyses of the population 
cycles of different fish populations including 
the analysis of growth trajectories of differ-
ent cohorts (De Roos  and Persson 2001). 
The cycle length of observed cycles generally 
varies between 2–4 years, but also longer cy-
cles have been observed. One example of the 
latter is the population dynamics of a yellow 
perch (Perca flavescens (Mitchill)) popula-
tion where the cycle length amounted to 6–7 
years (Sanderson et al. 1999, Persson et 
al. 2004a) (Fig. 3).

To conclude this section on consumer-re-
source dynamics, studies of cycles in Daphnia 
and fish suggest that size-dependent cohort 
cycles are the dominating cycles observed. 
For fish populations with discrete reproduc-
tion, it can actually be argued that cohort 
cycles should be the only cycle possible for 
consumer-resource interactions due to time 
scale differences. Finally, in the studies on 
fish it has also been shown that the cohort 
cycles induced by inter-cohort competition 
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feed back on lower trophic components such 
as zooplankton and phytoplankton (Pers-
son and De Roos  2005).

4. CANNIBALISM AND 
SIZEDEPENDENT INTERACTIONS

In the consumer-resource interactions 
discussed so far, we have assumed that the 
resource has a fixed size with no size varia-
tion. This may be a valid first approximation 
when studying zooplankton-phytoplankton 
and planktivorous fish-zooplankton interac-
tions. In contrast, when studying the interac-
tions among different fish species or between 
size classes within a species, we need to from 
the start consider size variation in both pred-
ator and prey. Studies of size selectivity of 
piscivorous fish on prey fish suggest that 2 
major constraints on piscivore-prey fish in-
teractions are present: an upper prey/preda-
tor size ratio above which prey fish escapes 
predation due to size-dependent escape abil-
ity or gape constraint in the predator, and a 
lower prey/predator size ratio below which 
the piscivore does not encounter the prey 
fish due to limitations of visual acuity (for 
overviews see Claessen et al. 2000, Juanes 
2003, Juanes  et al. 2002). 

Cannibalistic interactions represent in-
teractions that are common among aquatic 
organisms, and are also strongly dependent 
on both cannibal and victim size. Two main 
aspects of cannibalism have been studied in 
aquatic systems. First, cannibalism may serve 
as a “life-boat” mechanism whereby canni-
balistic populations can survive periods of 
food shortage that would otherwise extirpate 
non-cannibalistic populations (Van den 
B osch et al. 1988). The potential presence 
of this mechanism has been studied particu-
larly for copepods (Van den B osch and 
Santer  1993). Second, cannibalism has im-
portant population dynamical consequences 
(Claessen et al. 2000). Questions raised 
in relation to population dynamics include 
whether cannibalism may stabilize cycles in-
duced by inter-cohort competition, and the 
effects of energy gain from cannibalism on 
population dynamics (Claessen et al. 2000, 
Persson et al. 2004b). The studies on popu-
lation dynamics of cannibalism in aquatic 
systems have had their main focus on fish.

Theoretical and empirical studies on fish 
show that cannibalism indeed may stabelize 
population dynamics in otherwise widely 
fluctuating systems (Claessen et al. 2000, 
2002, Persson et al. 2004a). The stabelizing 
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effect of cannibalism is, however, depending 
on the life history characteristics of the can-
nibal (Claessen et al. 2000, 2002, Persson 
et al. 2004a). Specifically, the size range of 
cannibal and victim sizes that allow canni-
balistic interactions to take place (the “can-
nibalism window”) has a large influence on 
population dynamics (Claessen et al. 2002). 
Basically, 3 different dynamical regimes can 
be distinguished depending on the width of 
this cannibalistic window. For a small width 
(when cannibals cannot consume very small 
victims), the dynamics is characterized by co-
hort competition-driven cycles where small-
er-sized, recruiting individuals out-compete 
older/larger individuals as outlined in the 
previous section before victims become large 
enough to be cannibalized. An example of a 
cannibalistic species exhibiting this dynam-
ics is yellow perch (Fig. 3). If cannibals can 
consume even the smallest victims, canni-
bals impose a high cannibalistic mortality on 
victims from birth onwards, which prevents 
strong competition from the recruits. This 
cannibal-driven dynamics leads to equilib-
rium or low amplitude dynamics with coex-
isting cohorts (Claessen et al. 2002). Since 
most of the mortality imposed on victims 
takes place when they are very small canni-
bals gain most of their energy from the shared 
resource and not from cannibalism. An ex-
ample of a cannibalistic species showing this 
dynamics is the northern pike (Esox lucius) 
(Persson et al. 2004a). For an intermediate 
cannibal efficiency, cannibals control recruit-
ing victims through heavy cannibalism for 
some period, but this dynamics is intermit-
ted by a dynamics where a strong recruiting 
cohort breaks through and, by depleting the 
shared resource, out-competes most of the 
cannibals. This cohort dominates the system 
until they mature, where after the dynam-
ics returns to a cannibal-driven dynamics 
(Claessen et al. 2002). The few adults that 
survive the recruitment of the strong cohort 
gain a lot of energy from cannibalism and 
become “giants”, but due to their low num-
bers they only impose a negligible mortality 
on the dominating cohort. An example of a 
species exhibiting this mixed type of dynam-
ics is the Eurasian perch (Perca fluviatilis L.) 
(Persson et al. 2003, 2004a).

Both theoretical and empirical analyses 
show that when cannibals control their vic-
tims they extract little energy from cannibal-
ism (see cannibal-driven dynamics above). 
In contrast, when cannibals do extract large 
amount of energy from cannibalism, they do 
not control victims (Claessen et al. 2000, 
Persson et al. 2003, 2004b). Control of vic-
tims and energy extraction from victims by 
cannibals thus seem to be exclusive processes 
that do not occur simultaneously. Finally, as 
for cohorts cycles cannibalistic dynamics 
in fish population feed back on overall lake 
food web dynamics showing that intraspe-
cific interactions in fish have ramifications 
for overall lake ecosystem dynamics (Pers-
son et al. 2003). In particular, Persson et al. 
(2003) showed that shifts in the size structure 
of a cannibalistic Eurasian perch population 
caused a 2 times variation in phytoplankton 
biomass (Fig. 4).

5. SIZESTRUCTURED DYNAMICS AND 
COMMUNITY STRUCTURE

So far we have focused on the effects of 
size structure on population dynamics with 
examples from consumer-resource and can-
nibalistic systems. Studies of multitrophic 
systems reveal that size-dependent processes 
will have major effects on community struc-
ture involving alternative equilibrium states 
(De Roos  and Persson 2002, De Roos 
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et al. 2003). We will illustrate this by two ex-
amples: tritrophic food chains and intraguild 
predation.

5.1. Tritrophic food chains

The changes in the densities of resource, 
consumer and predator with productivity in 
unstructured tritrophic food chain models 
are well-known (cf. Oksanen et al. 1981). 
At low productivities, resource numbers are 
too low to allow the invasion of consumers, 
and resource numbers increase with produc-
tivity. An increase in productivity will allow 
the consumer to invade, and from this pro-
ductivity level the consumer will gradually 
increase with productivity whereas resource 
numbers stay constant. Still higher produc-
tivities will allow the predator to invade from 
small numbers, where after predator and re-
source numbers will increase with resource 
productivity, while consumer numbers stay 
constant. New patterns emerge in such a tri-
trophic food chain, however, if (a) the growth 
rate of consumer individuals is food depen-
dent and (b) predation by the (unstructured) 
predator population is size selective towards 
the smallest consumer individuals. As long 
as the predator cannot invade the system, 
predictions are the same as for unstructured 
model: the consumer increases with produc-
tivity while the resource does not. However, 
when the predator invades, it does not do so 
from small numbers but instantaneously in-
creases to high levels (De Roos  and Pers-
son 2002). Moreover, once in the system the 
predator can persist down to much lower 
resource productivities than at which it in-
vades. For a considerable resource produc-
tivity range, we thus have a situation with 
bistability (resource-consumer or resource-
consumer-predator equilibrium state). The 
presence of this bistability also means that 
the system is sensitive to catastrophic col-
lapses of the predator (De Roos  and Pers-
son 2002). This discrepancy between inva-
sion boundary and persistence boundary 
reflects a depensatory growth (decreased 
population size leading to reduced per capita 
growth rate) in the predator, also termed an 
Allee effect. Furthermore, as this Allee effect 
results form pure exploitation of resources 
and does not involve social interactions that 

are often used to explain the presence of Al-
lee effects, this Allee effect has been called 
an “emergent” Allee effect (De Roos  and 
Persson 2002). 

The key to understanding the appearance 
of the bistability lies in the food dependent 
growth in the consumer and size selective 
predation. The mechanisms can be under-
stood by replacing the predator by a constant 
(i.e. non dynamic) mortality rate on small 
consumers. Increasing this mortality rate of 
small individuals relieves the competitive 
pressure among consumers, such that re-
source levels, maximum individual size and 
adult biomass increase, while the biomass of 
non-vulnerable juveniles strongly decreases. 
Interestingly, despite the additional mortality 
on small juveniles their total biomass increas-
es significantly. The faster individual growth, 
which results from the higher resource levels, 
results in higher adult fecundity and hence 
in a significant increase in total population 
reproduction. This increased production of 
newborns more than compensates for the 
additional mortality these small individuals 
experience. In contrast, if a constant length-
age relation is assumed and hence if higher 
resource levels do not increase individual 
growth, vulnerable juvenile and adult bio-
mass only decrease with increasing size-se-
lective mortality (De Roos  and Persson 
2002). 

Size-selective predation thus leads to a 
positive feedback in the predator-consumer-
resource system. Size-selective predators in-
duce a shift in the size-structure of the con-
sumers, resulting in higher biomass densities 
of vulnerable juveniles and adults, but lower 
densities of intermediately sized (Fig. 5). 

The emergent Allee effect has been for-
warded as a plausible explanation for the 
collapse and lack of recovery that has been 
observed in stocks of marine top predators 
(Carscadden et al. 2001, De Roos  and 
Persson 2002). A large scale removal of a 
fish stock in the Norwegian Lake Takvatn 
provides another suggestive example of al-
ternative states induced by the emergent Al-
lee effect. In this case a stunted Arctic char 
(Salvelinus alpinus (L.)) population was sub-
jected to a large scale removal where more 
than 70% of Arctic char were removed (Kl-
emetsen et al. 2002). Not unexpectedly, 
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individual growth rate of Arctic char indi-
viduals drastically increased, but, more re-
markably, this change in growth rate still per-
sists after many years providing evidence for 
an alternative state. Evidence for that the per-
sistent change in growth rates of Arctic char 
individuals can be explained by the emergent 
Allee effect comes from that its main preda-
tor, brown trout (Salmo trutta L.), that was 
very rare at the start of the experiment, has 
increased 30 times in numbers. 

5.2. Intraguild predation and 
size-structured interactions

The fact that individuals grow will by ne-
cessity lead to that the dominating interac-
tion they experience changes from a compet-
itive to a predatory interaction over their life 
cycle (Werner  and Gi l l iam 1984, Pers-
son 1988, Wilbur  1988). Typically, these 
size-dependent shifts in interactions results 
in life history omnivory where the predator 
competes with the intermediate consumer 
for the shared resource when small to prey 
on the intermediate consumer when large 
(Persson 1988, Holt  and Pol is  1997). 
The dynamics of unstructured omnivorus 
systems with a shared resource an interme-
diate consumer and a predator (intraguild 
predation, IGP systems) have been analysed 
as a function of productivity in a number of 
papers (Holt  and Pol is  1997, Diehl  and 
Feissel  2000, Myl ius  et al. 2001). The pro-
ductivity-dependent community patterns 

differ from that of simple food chains in that 
the intermediate consumer will decrease 
with productivity once the top predator has 
invaded. 

Furthermore, omnivory leads to the 
possibility for alternative states (resource-
intermediate consumer-predator/ resource-
predator) at intermediate productivities. 
Finally, at high productivities the intermedi-
ate consumer is excluded due to predation 
by the predator. Introducing stage structure 
with fixed development times has mainly 
quantitative effects on this pattern. If stage 
structure is introduced in the intermediate 
consumer such that large intermediate con-
sumer individuals are not preyed upon, the 
relative parameter space with coexistence be-
tween predator and intermediate consumer 
is larger, which is mainly due to that the pa-
rameter space with bistability (either preda-
tor and resource or predator, intermediate 
consumer and resource) is increased (My-
l ius  et al. 2001). In contrast, if stage struc-
ture is introduced in the predator such that 
small predators do not prey on the interme-
diate consumer, the relative parameter space 
with coexistence increases whereas that with 
bistability decreases. Food-dependent de-
velopment in intermediate consumer and 
predator will qualitatively change the com-
munity patterns of IGP systems in that coex-
istence between intermediate consumer and 
predator is not possible any more (Van de 
Wolfschaar  2006). To test this very strong 
prediction of IGP models with food depen-
dent development is an important issue for 
future research.

6. CONCLUSIONS

With this short overview we have given 
examples of how size-structured interactions 
may have major consequences for the dy-
namics of aquatic systems. The importance 
of size-dependent interactions increases with 
trophic position, but as dynamical patterns 
observed at higher trophic positions feed 
back on lower trophic components, size-de-
pendent interactions must be considered in 
studies of the dynamics of aquatic systems 
in general. As we have shown, size variation 
has both dynamical and structural effects on 
aquatic systems. The former was exemplified 

Fig. 5. Stage distributions of consumers in the 
absence and presence of predators with food de-
pendent growth in consumer and size selective 
predation (from De Roos  et al. 2003).
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with consumer-resource and cannibalistic 
population dynamics, and the latter with tri-
trophic food chain and intraguild predation 
modules. A key process behind many of the 
effects observed is food dependent develop-
ment pointing to that approaches aimed at 
studying the dynamics of aquatic systems 
have to take such food dependent develop-
ment into consideration.
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