Parasitism
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The ten principles of ecology

5. dN/dt = B-X+I

7. Organisms interact — do things to each other - in ways that
influence their abundance.

8. Ecosystems are organized into webs of interactions.



We’re moving into the realm of community
ecology (multiple species interactions)

Community: what factors influence the number of species in
an area?
- A community is...

Modified from Molles 2005



We’re moving into the realm of community
ecology (multiple species interactions)

Community: what factors influence the number of species in
an area?

- A community is the assemblage of many populations that
live in the same place at the same time

Modified from Molles 2005
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3)

Topics for today

How does parasitism differ from predation, and how
common is parasitism in nature?

Examples of parasitism

How is parasitism altered by global change?



Interspecific interactions: Parasitism

In parasitism (+/— interaction), one
organism, the parasite, derives
nourishment from another
organism, its host, which is harmed
in the process

All pathogens fall into this category




Interspecific interactions: Parasitism

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

K = carrying capacity

/dN (K-=N)

Exponential / —— =N
growth / at K
Logistic
growth

Population size

Time

Parasitism is one of the things that
can prevent populations from
reaching incredibly large
population sizes



How does parasitism differ from predation?

Parasitism: the parasite exploits the host, which is
affected adversely

Predation: the predator kills and consumes the host

Predation leads to immediate mortality whereas

parasitism may not lead to mortality or will at least take
some time for mortality to occur



Table 1. Variations in life history traits along a parasite-predator continuum reflecting an increase in body-size,

population growth rate, and host-fatality from micr ite through predator.

Trait <wmte Macroparasite Parasitoid Predator
7‘—=— —

( Body Size Microscopic Smaller than host | Similar in size Often larger than prey
(e.g. wasp and unless social hunter
moth)

Intrinsic rate of Rapid Faster than hosts | Comparable to Comparable to but often
population growth host slightly slower than that
of prey

(| Number per host ) One host usually | One host supports | One host usually | Each predator eats

supports a few to many supports one, but | many prey individuals
populations of individuals of can support many,
several different | different species individuals
species
Fatality to host Mild to severe Usually mild Eventually fatal Immediately fatal
Stability of the Intermediate High Intermediate Usually low
interaction with the
host
g - . . .
< Ability to r@ Moderate to high | Low Moderate to high | High
host population

Microparasite examples are bacteria and viruses; macroparasite examples are multicellular eukaryotes;
parasitoid examples are often larva developing inside hosts



How common is parasitism in nature?

Parasitism is VERY common (remember, this includes
pathogens)

Almost every organism contains some parasites and most
species are parasitized by many different species

Often overlooked because of modern medicine and animal
husbandry practices — but parasitism does take a toll on
humans and agriculture.
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How common is parasitism in nature?

Infectious Disease Ecology

- 52

Effects of Ecosystems on Disease
and of Disease on Ecosystems

Disease ecology is a
large and growing
subfield within ecology

disease (‘CUIU}JY

SHANON K COLLINGE
AND CHBIS AY

Editad by,
Richard-S:"Ostfeld; Félicia Keesing,
and Valene T. Eviner

Disease Ecology

By: A. Marm Kilpatrick (Ecology & Evolutionary Biology, University of California at Santa Cruz) & Sonia Altizer (Odum School of Ecology,
University of Georgia) © 2012 Nature Education

o

Citation: Kilpatrick, A. M. & Altizer, 5. (2012) Disease Ecology. Nature Education Knowledge 3(10):55 . E 24

How do climate, evolution, and free-living hosts interact to determine the dynamics of
pathogens and the burden of disease?



How common is parasitism in nature?
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Topics for today

1) How does parasitism differ from predation, and how
common is parasitism in nature?

2) Examples of parasitism

3) How is parasitism altered by global change?



Table 1. Variations in life history traits along a parasite-predator continuum reflecting an increase in body-size,
population growth rate, and host-fatality from microparasite through predator.

—

Trait Macroparasite Parasitoid Predator
R —

Body Size Microscopic Smaller than host | Similar in size Often larger than prey
(e.g. wasp and unless social hunter
moth)

Intrinsic rate of Rapid Faster than hosts | Comparable to Comparable to but often

population growth

host

slightly slower than that
of prey

Number per host

One host usually
supports
populations of

One host supports
a few to many
individuals of

One host usually
supports one, but
can support many,

Each predator eats
many prey individuals

several different | different species individuals

species
Fatality to host Mild to severe Usually mild Eventually fatal Immediately fatal
Stability of the Intermediate High Intermediate Usually low
interaction with the
host
Ability to regulate Moderate to high | Low Moderate to high | High

host population
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Rinderpest is a virus that
caused about 80% mortality
to cattle across Africa in late

This virus spread from cattle
to buffalo, wildebeest, giraffe,
warthog, and other grazers

Cattle were vaccinated and
buffalo and wildebeest
populations rebounded (zebra
was not affected by



Microparasites

P<0.001

—t—

Community pathogen load

1 4 9 16
Species richness treatment

Density per species declines —
Fig.1 The effect of plant diversity on community pathogen load

(the percent of leaf area infected across the plant community).
Data shown are means + SEM. Different letters indicate signifi-
cant pairwise differences.

Plants are also attacked by viruses and bacteria, but fungal
infections can be especially common Insect fungi

These infections are less common as the density of an individual
species declines (e.g., at higher plant diversity) (Mitchell et al., 2003)


http://www.youtube.com/watch?v=XuKjBIBBAL8&list=PLuqrIgiht5RIV38gwSKmwILeswi9haeVX

Table 1. Variations in life history traits along a parasite-predator continuum reflecting an increase in body-size,

population growth rate, and host-fatality from microparasite through predator.
¢ Macroparasite) Parasitoid

Trait Microparasite Predator
_

Body Size Microscopic Smaller than host | Similar in size Often larger than prey
(e.g. wasp and unless social hunter
moth)

Intrinsic rate of Rapid Faster than hosts | Comparable to Comparable to but often

population growth

host

slightly slower than that
of prey

Number per host

One host usually
supports
populations of

One host supports
a few to many
individuals of

One host usually
supports one, but
can support many,

Each predator eats
many prey individuals

several different | different species individuals

species
Fatality to host Mild to severe Usually mild Eventually fatal Immediately fatal
Stability of the Intermediate High Intermediate Usually low
interaction with the
host
Ability to regulate Moderate to high | Low Moderate to high | High

host population




Macroparasites: ectoparasites

This includes ectoparasites like ticks, leeches, and fleas
(not shown)

Ectoparasites often have more potential hosts (less
specialized) than macroparasites that live inside the host

nttps://www.youtube.com/watch?v=CrrSAc-viG4
Dodder, start at 8:08 end at 11:30
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Macroparasites: ectoparasites

Ectoparasites, like ticks, may also spread diseases to
their hosts

www.caryinstitute.org/discover-ecology/videos-audios/tick-borne-disease-ecology
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Macroparasites: endoparasites

RoUNDWORM) (HORIINGERI ‘
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Macroparasites that live inside the host are endoparasites

Endoparasites generally specialize on one or a few host species
and they often have intermediate hosts



Mystery of limb malformations in frogs

Goodman and Johnson 2003



Macroparasites: endoparasites

Macroparasites that live inside the host are
endoparasites — many have complex I|fe cycles with
multiple hosts

Blaustein and
Johnson, 2003



https://www.youtube.com/watch?v=wf-kvXF126s

Table 1. Variations in life history traits along a parasite-predator continuum reflecting an increase in body-size,
population growth rate, and host-fatality from microparasite through predator.

Trait Microparasite Macroparasite Parasitoid ) Predator
v
Body Size Microscopic Smaller than host | Similar in size Often larger than prey
(e.g. wasp and unless social hunter
moth)
Intrinsic rate of Rapid Faster than hosts | Comparable to Comparable to but often

population growth

host

slightly slower than that
of prey

Number per host

One host usually
supports
populations of

One host supports
a few to many
individuals of

One host usually
supports one, but
can support many,

Each predator eats
many prey individuals

several different | different species individuals

species
Fatality to host Mild to severe Usually mild Eventually fatal Immediately fatal
Stability of the Intermediate High Intermediate Usually low
interaction with the
host
Ability to regulate Moderate to high | Low Moderate to high | High

host population




Parasitoid
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http://www.youtube.com/watch?v=rLtUk-W5Gpk&list=PLuqrIgiht5RIV38gwSKmwILeswi9haeVX

The wasps (of the genus Glyptapanteles)
control their caterpillar prey. Wasp larvae
are deposited in the caterpillar which
continues to grow and feed normally until
the 4th or 5% instar, whereupon up to 80
fully grown larvae emerge from its body to
pupate. Just before the wasp larvae emerge
from the caterpillar, though, they produce a
toxin that causes the caterpillar to act as a
bodyguard until the larvae pupate. The
caterpillar takes up position near the cocoons
of the pupae, arches its back, and ceases to
move or feed. It will occasionally spin silk
over the pupae and, when disturbed, it will
thrash violently.

Researchers are still not sure how the
caterpillar is engaged in this final duty. "It's a
behavior that's induced by a parasite that is
not even in the host anymore," says Edward
Levri, an associate professor of biology at The
Pennsylvania State University.


https://www.youtube.com/watch?v=vMG-LWyNcAs
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Topics for today

1) How does parasitism differ from predation, and how
common is parasitism in nature?

2) Examples of parasitism

3) How is parasitism altered by global change?



Predicted pathogen responses to climate change

Effect of warming depends on:

* Metric of disease risk

* Shape of temperature curve

* Projected temperature increase
* Optimal temperature value

* Baseline temperature
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Many parasites do better under warmer
temperatures
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Figure 15.15 Relationship between malaria endemicity,
expressed as percentage enlargement rates in the spleen, and
elevation in Ethiopia.

(Pascual and Bourma, 2009)



Many parasites do better under warmer
temperatures
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Figure 15.16 Increase in the prevalence of Caribbean yellow
banding disease, CYBD, in Montrastraea coral off the
southwest coast of Puerto Rico at La Parguera, 1999-2007.

The inset shows the relationship between increased average water temperature and mean
prevalence of the disease. (Harvell, et al., 2009)



Increased nutrient availability can also increase
pathogen abundance

C, grasses FP<0.001
T
T 24
8 |
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Fig.5 The effect of nitrogen addition on Cy grass pathogen load,
Data shown are means + SEM.

In this example, increased nitrogen increases plant
pathogen abundance. Increased nutrients can also

increase pathogen abundance in the ocean and

freshwater.
(Mitchell et al., 2003)



Increased nutrient availability can also increase
pathogen abundance and infection

Eutrophication of aquatic environments affected
amphibian infections by Ribeiroia trematodes
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Review

. Name two ways that predators differ from parasites.

. Amensalism involves a (+/-/0) and a (+/-/0) interaction
between two organisms.

. How would you expect parasite population growth to be
affected by host population growth?

. How could you apply the red-queen hypothesis to host-parasite
interactions?
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