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SANGKALAN





A general terms for one organism makes its living at the expense 
of another. 

Different forms:

Predation

Herbivory

Parasitism

Pathogenism

Exploitative interactions are dynamics in nature.

Exploitative interactions



Influence the distribution, abundance, and structure of prey and 
host populations. 

Substantially affect the abundance of the organisms they exploit.

Links between populations. 

Enhances the fitness of one individual while reducing the fitness of the 
exploited individual.

Roles of exploitative interactions 
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PREDATORY 
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Scientific problems

Do predators reduce the size of prey 

populations substantially below K? 

Do consumerƨresource interactions cause 

populations to fluctuate independently of 

variation in the environment? 



Scientific problems 

Theory: 

A predator can drive its prey to extinction. 

As a consequence, the predator will also become 
extinct. 

Fact: in many cases, extinction did not 

happen. 

How do they coexist? 



A straight -forward interspecies population 
interaction.  

Could extend to herbivory, parasitism, 
pathogenism (previous lecture).

Predator can influence prey competition, and 
vice versa.

Predator = density -dependent mortality factor to 
the prey population.

Prey = limiting resource to predators.

Results in dynamic balance.

Predation & interspecific competition



The distinction between exploitation 
and competition is blurred when 
competitors eat each other. 

Case example: 

Tribolium spp. competition result is 
influenced by  the protozoan parasite 
of Tribolium, Adelina tribolii .

Exploitation vs competition 

[Figure 14.6], Molles, MC Jr. 2016. Ecology: concepts and applications, 7th edition, NY: McGraw-Hill Education. 
used under a Fair Use rationale. 



Predators can limit prey populations.

This keeps populations below K.

Populations are regulated from 
above and below.

Predator and prey populations 
increase and decrease in regular 
cycles.

Infestations of strawberry plots by cyclamen mites ( Tarsonemus 
pallidus) were tracked in the presence (above) and in the 
absence (below) of the predatory mite Typhlodromus. Parathion 
treatments are indicated by Ưp.ư After C. B. Huffaker and C. E. 
Kennett, Hilgardia 26:191ƨ222 (1956). 

Consumers can limit resource populations 

Typhlodromus

(predator)

[Figure 15.3], Ricklefs (2008), The Economy of Nature. 6th ed. NY: W. H. Freeman and Company; [Cyclamen mites], Jack Kelly Clark/UC-IPM, http://ipm.ucanr.edu/PMG/S/I -AC-SPAL-AD.026.html.; 
[Typhlodromusoccidentalis], © 2009 Arlo Pelegrin, https://bugguide.net/node/view/352441. Non -commercial license. All images are used under a Fair Use rationale.



Coevolution

Predator and prey exert natural selection forces 
on one another. 

Physical coevolution
Eyesight of hawks and owls vs earthy-colored prey.
Silica substances in grasses vs hard teeth in grazers.

Chemical coevolution
Milkweeds poison vs monarch caterpillars detoxing 
ability.
Infectious microorganisms vs mammalian hosts. 

Behavioral coevolution
Mimicry, camouflage, warning coloration, startle 
coloration.



PREDATOR-
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Predator-prey cycles

Increasing prey population 
increases predator population.

.

.

Fewer predators, better prey 
survival, population increases. .

Predators reduce prey 
population significantly.

.

.

Lack of prey, predator 
population declines.

.

Diagram template ƯOval cycle matrixư by PresentationGO.com, with modifications.



Hare populations in boreal forests 
fluctuate in a 8ƨ11 year cycle.

Snowshoe hare is the lynxƬs primary food.
Other prey species often do not meet the lynx's 
nutritional needs.

The population cycles of these two species 
are closely linked.

Cycles of abundance: snowshoe hares & lynx

[Figure 15.2], Ricklefs (2008), The Economy of Nature. 6th ed. NY: W. H. Freeman and Company. 
Used under a Fair Use rationale.

Historical fluctuations in lynx and showshoehare populations based on the 
number of pelts purchased by the Hudson Bay Company (MacLulich 1937)

Lynx canadensis Lepus americanus



Influenced by:

Climate dynamics;

Food availability for the prey species;

Other food web dynamics.

Evolutionary dynamics through an evolutionary Ưarms race.ư 

A greater hunting efficiency of the predators;

Traits that help avoid being eaten in the prey.   

Predator-prey relationships are dynamic



Predator-prey relationships are much more complex in real life.

Relationships in the food web not only one prey-one predator.

The Ưcoupledư nature of the interaction becomes much more vague. 

An increase in prey density OFTEN results in a straight-forward 
increase in predator population size, but not always .

REALITY: prey are variable in value.

Choosing prey items that are energetically more Ưcost-effectiveư 
(optimal foraging).

Idealized predator-prey coupled dynamics



Foraging involves decisions about the allocation 
of time and energy.

Animal adopts a strategy that maximizes fitness, 

The most energy for the lowest cost. 

Optimal foraging

Optimal foraging theory 
predicts composition of 

bluegill sunfish diet 

[Figure 14.14], Smith TM & Smith RL, 2015, Elements of Ecology, 9th ed., Pearson Education Ltd. 
Used under a Fair Use rationale.

Medium-sized prey 
are preferred by 
pied wagtails. 

[Figure 7.25], Molles MC Jr., 2016, Ecology: concepts and 
applications, 7th ed., McGraw-Hill Education. Used under a 
Fair Use rationale.



The presence of predators affects 
foraging behavior. 

Predatory species can also face 
the risk of predation.

Foraging profitability and risk of 
predation vary in different habitats & 
areas.

Foraging decision: the balance of a 
potential energy gains vs 
predation risk. 

Foraging behavior and risk of predation

Parusmontanus Paruscristatus

Glaucidiumpasserinum

Vole

Coniferous forest



Side impact of predator-prey relationship

Predator-prey interactions have a wider 
ecosystem impact.

Plants are consumed by herbivores, which in 
turn are consumed by carnivores.

Example: lynx-hares-trees.

The three-way interaction 
of woody vegetation, 
snowshoe hare, and lynx.

Krebs et al.Ƭs 8-year experiment (1995) on 
the impact of food and predation on the 

densities of snowshoe hares.

[Figure 14.24], Smith TM & Smith RL, 2015, Elements of Ecology, 9th ed., Pearson Education Ltd. 
Used under a Fair Use rationale.

[Figure 14.15], Molles MC Jr., 2016, Ecology: concepts and applications, 7th ed., McGraw-Hill Education. 
Used under a Fair Use rationale.



PREDATOR-PREY 
INTERACTION 
MODELS



Lotka-Volterrapredator-prey interaction model

(a) Relationship between prey population and the per capita rate of predation. The slope of the relationship Ưcư 
represents the Ưefficiency of predation.ư (b) Relationship between the per capita rate of predation and the rate per 
capita rate or predator reproduction. The slope of the relationship Ưbư represents the efficiency with which food is 
converted into predator population growth (reproduction). 

Anatomy of the Lotka-Volterra equations for predator -host population growth 
(Ưhostư is used in place of Ưpreyư to make meanings of equation terms clear). 

▀╝▐
▀◄

►╝╝▐ ╬╝▐╝▬
▀╝▬

▀◄
╬╫╝▐╝▬ ▀▬╝▬

[Figure 14.1], Smith TM & Smith RL, 2015, Elements of Ecology, 9th ed., Pearson Education Ltd. 
Used under a Fair Use rationale.

[Figure 14.16 with modifications], Molles MC Jr., 2016, Ecology: concepts and applications, 7th ed., McGraw-Hill Education. 
Used under a Fair Use rationale.



Lotka-Volterrapredator-prey interaction model

(b)(a)

(c)The equilibrium isoclines for predator and prey
populations delineate regions of population increase and
decrease. (a) the prey isocline (dNh / dt = 0 when Np =
r/ c) separates regions of prey population increase (low
predator numbers) and decrease (high predator
numbers). (b) the predator isocline (dNp /dt = 0 when Nh

= d/ bc) separates regions of predator population
increase (high prey numbers) and decrease (low prey
numbers).

(c) A joint population trajectory combines the individual
changes in predator and prey populations. This
trajectory shows the cyclic nature of the predatorƨprey
interaction . The black arrows represent the combined
population trajectory . A minus sign indicates population
decline, and a plus sign indicates population increase.
(d) When the changes in size for both the predator and
prey populations are plotted through time for each of the
four regions of the graph, the two populations
continuously cycle out of phase with each other, and the
density of predators lags behind that of prey.

Variables: Np = number of predators or consumers; Nh = number of prey or host; t =
time; r = growth rate of prey; c = predatorƬsefficiency at turning food into offspring
(conversion efficiency) ; b = the efficiency with which food is converted into predator
population growth (reproduction) ; d = predator per capita death rate.Combination of [Figure 14.2 and 14.3], Smith TM & Smith RL, 2015, Elements of Ecology, 9th ed., Pearson Education 

Ltd.; and [Figure 15.13], Ricklefs RE, 2008, The Economy of Nature. 6th ed. NY: W. H. Freeman and Company. Used 
under a Fair Use rationale.
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