Population Ecology

I. Attributes

II.Distribution

III. Population Growth – changes in size through time

IV. Species Interactions

V. Dynamics of Consumer-Resource Interactions

VI. Competition
VII. Mutualisms
VIII. Evolutionary Responses to Species Interactions

A. Overview
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1. Why Won’t This Population Unit End? 
 - Will this unit on populations ever end?  Good grief!  Well, there is a reason why we spend so much time on populations… because they are the unit of evolutionary change.  So, at a fundamental level, responses to climate, acclimation, migration, etc., are only really important over time if they affect the genetic structure of the population and are inherited.  And of course, all of the interactions that we have discussed have positive or negative effects on the species – which translates into effects on growth, reproduction, and FITNESS.  So, populations should respond, evolutionarily, to these interactions.  Some of these responses are pretty cool, because as one species in the interaction changes, it changes the selective pressure on the other… resulting in adaptive responses of that species.

2. Coevolution

 - So, the red queen hypothesis rears its head again… and when species are involved in this ‘evolutionary race/dance’ with another species, evolving in response to one another, we call that “coevolution”.
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B.  Coevolution in Consumer-Resource Relationships

1. Capture and evasion:  crypsis, speed, schooling, pack hunting, group defense, etc. 
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2. Chemical Defense: selection for the production or sequestration (storing of toxins harvested from the environment) of toxins by the prey, selection for detoxification mechanisms in the predators.  Often we also see that unpalatable prey species advertise their unpalatability with warning coloration (aposematic coloration).  Selection favors toxic species that look different from edible species, so that predators can learn to avoid just them.  Classic examples are toxic butterfly species dressed in oranges, reds, yellows, and blacks, bees and wasps in black and yellow, coral snakes in black, red, and yellow, red and orange frogs, etc.
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3. Mimicry:  We usually use the word ‘crypsis’ to mean blending in with the habitat – matching the background.  “Mimicry” means looking like another organism or specific thing.  Some caterpillars mimic snakes; some mimic bird droppings (more crypsis).  Many palatable butterflies mimic toxic species of butterflies.  Many palatable flies mimic bees and wasps.


 - Batesian Mimicry: palatable mimic mocks an unpalatable model
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The curious case of Heliconius butterflies and Passiflora plants (Passion flower).  Many butterflies and moths use a specific plant as their larval host – they have adapted to the particular chemical compounds in the plant and can detoxify them, but adapting to this plant means that they have probably lost the capacity to detoxify the compounds in other plants. Heliconius are specialists on Passiflora, only using it as the host plant.  This specialization by Heliconius has selected for a couple interesting traits in Passiflora.  The first is that the leaves of Passiflora are highly variable, presumably so the visual butterfly can’t hone in on leaves of one shape or size.  So, the plant mimics the leaves of other plants (though none specifically – a single Passiflora will have a variety of leaf shapes).  More remarkable still, some Passiflora species develop small little yellow bumps on their leaves.  These look very much like the egg cases of Heliconius butterflies.  Female butterflies will not lay eggs on leaves that already have egg cases, presumably as an adaptation to reduce competition with other caterpillars.  By mimicking egg cases, leaves reduce the number of actual eggs that are laid on them – thus reducing caterpillar herbivory.
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4. Pathogens:  There is a dynamic relationship between a pathogen and a host, as the abundance of hosts determines how likely it is that the pathogen will be able to ‘reproduce’.  So, although a pathogen may be virulent (lethal) initially, and may remain so in a very large and dense population where the probability of contagion is high even if hosts die, there is also the possibility that, as hosts die, there is selection for less virulent strains of pathogen that don’t kill the host before it has a change of being transmitted to another host.  The myxomatosis example in your book is a good example.  In addition, the pathogen is also affected by the evolution of resistance in the host population, which effectively reduces the suitable population of hosts, as well.  In this case, the evolution of resistance wouldn’t necessarily select for decreased virulence, but would select for increased transmissibility.  Finally, pathogens that can travel through the environment without direct host-host interactions are not under the same selective pressures and may remain virulent even as human host populations collapse; particularly if there is an alternate host (as with many influenza viruses that can also infect chickens and pigs – “swine flu”). 
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C. Evolution of Competitors

Competition can result in Changes in Physiology, Morphology, or Behavior that reduce resource overlap between species.  This is called character displacement (talked about this before).

Not a positive feedback – not a coevolutionary response

D. Evolution of Mutualisms
There is a positive feedback, often selecting for more intimate relationships among partners.
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E. Relationships Change

Yucca moths lay eggs in the ovary of Yucca plant flowers. The larvae consume the seeds of the Yucca plant. So, this would seem to be a parasitic relationship (or predatory if we think of embryos as individuals).  However, because Yucca moths visit flowers to lay their eggs, they also transport pollen.  So, the moth is both a predator and a mutualistic of the plant.  The net effect depends on the net cost/benefits of these interactions.  One might presume that selection would favor an increase in egg laying by the moth – there are more seeds available that the moth larvae could consume.  However, as the % of damaged seeds increases, so does the chance that the plant aborts the entire flower, thereby killing the math larvae, as well.  So, selection favors moths that do not kill all the seeds in a flower.  In addition, this is the only pollinator of the plant, so the plant is selected to tolerate the damage to some seeds in exchange for pollination.  So, this obligate mutualism is probably a product of a complicated transformation of a parasitic relationship.  Endomycorhizzal fungi may become parasitic, too, suggesting that this relationship is delicately balanced between mutualism and parasitism.  Species may help one another at one life history stage, and compete at another.  This is also true for predation, where adults of two species may eat the juveniles of the other species, but compete as adults.
Study Questions:

1) What is ‘coevolution’, and how does the red queen hypothesis relate?

2) Describe how aposematic coloration can be selected for, even if the organism that is bitten is killed.

3) Use the Yucca – yucca moth interaction to describe how parasites may evolve into mutualists.
4) Compare the selective pressures in competitive, predatory, and mutualistic interactions and explain why only the last too are truly coevolutionary.
