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Summar y y 

Whyy do species coexist? How do species coexist? Ecology ultimately aims to 
understandd the mechanisms contributing to the coexistence of species, and 
howw community structure is determined by species interactions on both eco-
logicall  and evolutionary timescales. 

Speciess coexist within a web of interactions with other species, and where 
theree are many species and/or many types of interactions between species it 
becomess necessary to simplify. Ecology has gained much insight from such 
simplification,, and theory involving simple community modules (composed of 
justt a few species, engaged in simplified interactions) has provided ecology 
withh powerful concepts addressing such questions as *When can competitors 
coexist?',, *Why don't herbivores deplete all plant biomass?' and 'What are the 
relationshipss between community structure and primary productivity?'. These 
theoriess have often involved separating organisms into simplified guilds such 
ass 'predator', herbivore' and 'competitor'. However, other important roles that 
organismss play have often been ignored: What about cannibalism? What about 
omnivory? ? 

Onee particular form of omnivory that has been less well studied in main-
streamm ecology is intraguild predation. An omnivorous predator not only feeds 
onn its prey, but also on its prey's food source. This type of interaction is sur-
prisinglyy common in nature: it can be found in benthic communities, in arthro-
podd communities in greenhouse, and both in freshwater and salt water fish 
communities.. In addition, different species of intraguild predators often feed 
onn each other and so intraguild predation can be both single (as outlined 
above),, or mutual, when two intraguild predators feed on each other and on a 
commonn resource. 

Intraguildd predation is allegedly extremely debilitating to communities. 
Theoreticall  studies have shown that intraguild predators are prone to 
excludee their prey (thus becoming a de-facto) specialist on the basal 
resource),, especially at high primary productivities. In nature, however, intra 
guildd predation is everywhere: how then, can omnivory persist? 

Inn this thesis I address the persistence of omnivory by examining differ-
entt facets of omnivory that have not previously been addressed to any great 
extentt in the scientific literature. 

ChapterChapter 1. Many intraguild predators predate on each other. The implica-
tionss of the interactions between two such intraguild predator populations 
andd their resource for community structure and coexistence have not been 
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clear.. We show that coexistence depends crucially on primary productivity, 
andd that mutual predation can lead to priority effects (where, depending on 
initiall  conditions, one intraguild predator population can exclude the other). 
Suchh 'bistable states' occur when primary productivity is high enough for 
onee omnivore to build up sufficiently high population levels that the other 
omnivoree cannot invade. At higher nutrient levels this occurs for both 
species,, and it is surprising that an omnivore, superior in both resource feed-
ingg and predation, can be excluded by the inferior one! 

ChapterChapter 2. In this chapter we investigated the impact of trade-offs on 
communityy structure. It is intuitive that all species are constrained by trade-
offss between different abilities. In the case of omnivory, an organism's feed-
ingg ability is limited by either digestive, time, or handling constraints. In a sys-
temm composed of two omnivores and one resource, we consider the role 
playedd by trade-offs between resource feeding and predation in determining 
communityy structure,. We find that the strength of the trade-off between 
feedingg abilities is crucial for the extent to which omnivory can persist. 
Whenn species are extremely constrained at omnivory, omnivores simply 
starve,, and coexistence is severely limited. At weak constraints, feeding on 
bothh resources is facilitated compared to the specialist strategies. Here a 
speciess profits from being an omnivore, but affects the other species so 
stronglyy that coexistence is limited. Only when species are moderately spe-
cialized,, is the greatest scope for coexistence achieved. 

ChapterChapter 3. Evolutionary forces play a big role in determining the extent to 
whichh organisms interact. How do selection pressures determine communi-
tyty structure? Despite the propensity for exclusion and bistability inherent to 
omnivorouss interactions, it is possible that selection pressures on feeding 
strategiess lead to coexistence and to the maintenance of omnivorous inter-
actions.. We explored the co-evolutionary dynamics of two intraguild preda-
torss with regards to feeding preference. We predict the evolution either of 
specialistt feeding strategies or of exclusion of one of the species. This 
impedess the persistence of omnivory even further. 

ChapterChapter 4. Size and age differences play a big role in determining both an 
organisms'' suitability as a food source, and its capacity for predation. In the 
casee of intraguild predators, older/larger individuals generally prey on 
younger/smallerr individuals, and species may thus also change their vulnera-
bilityy to, as well as their capacity for, predation by growing into (or out of) life-
historyy refuges. With some invulnerability from predation, coexistence may be 
promoted.. We explored the role of such life- history refuges and 'ontogenetic 
nichee shifts' in determining community structure. We examined the robustness 
off  results in chapter 1 at high primary productivities to ontogenetic changes in 
ecologicall  roles. Our results suggest that at high primary productivities, prior-
ityy effects at high primary productivities such as observed in chapter 1, are not 
affectedd by ontogenetic niche shifts. Also, size and age differences do not seem 
too play a role in promoting the persistence of omnivory. 
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ChapterChapter 5. Omnivory is especially prevalent in benthic communities, and 
soo we may find clues as to how the persistence of omnivory may be promot-
edd by looking at specific characteristics of the biological interactions in ben-
thicc communities. In such communities, 1) (intra-guild) predators may facil-
itatee their prey as their movement through substrate may increase the flow 
off  limiting oxygen to prey species, thus promoting prey growth; 2) it is pos-
siblee that omnivores ignore the prey food source at low densities, which 
wouldd help a prey population escape exclusion when it becomes scarce; and 
3)) omnivores may be limited by essential nutrients found only in one of both 
foodd sources. Thus, they cannot exclude their prey, as they depend on them 
forr nutrients essential to growth. Persistence of omnivory is promoted in 
benthicc systems by these three mechanisms, and may be promoted by simi-
larr mechanisms in other environments as well. 

Thiss thesis demonstrates that many biologically realistic facets of omniv-
orouss communities can drastically affect community structure on both eco-
logicall  and evolutionary timescales. Despite indications that certain mecha-
nismss promote the persistence of omnivory in benthic communities; we can 
concludee that the persistence of omnivory in few-species community mod-
uless should be rare. 

Whyy then is omnivory omnipresent in nature? This thesis has demon-
stratedd that the answers in all likelihood do not lie in few-species communi-
tyy modules. Future work should concentrate on how diffuse interactions in 
multispeciess networks, spatial heterogeneity and more realistic considera-
tionss of an organisms' growth and physiology modify the strong effects of 
omnivoryy in the simple communities we have outlined in this thesis. 
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