Populations And Communities
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- Population:  A group of potentially interbreeding organisms at the same time and 

I. Spatial Distributions
A. Dispersion


1. Types


 - Regular:  variance is less than the mean, can be zero if equally dispersed.  Usually caused by intraspecific competition, such as allelopathy or territoriality.

 - Clumped: variance is greater than the mean, usually caused by sociality or common response to clumped resources.

 - Random: variance =’s the mean.  Rather unusual, just because clumped resources and competition are so common.  But previously clumped or regular distributions can degrade to random over time, such as when seedlings (clumped) grow up and compete (regular) and then die of other causes…

2. Complexitie
s
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 - can vary with type of dispersal


 - can vary with development: as the example with tree seedlings, above

 - can vary with environment and resource availability and distribution: so, we can expect organisms to move with their resources across space if they are able… creating patterns of seasonal migration

 - varies with spatial scale of analysis: this is set by the experimenter.  But, populations can respond at different scales to their environment and create patterns at different scales.  So, at a large scale, we might find populations distributed in a clumped many over a range, localized to places where their resources are found.  Then, at a smaller scale within patches, the individuals may be regularly spaced as they compete for these resources.  Analyses at different scales can reveal different things that are important about the biology of the species.
B. Types of Interactions
	
	
	Effect on Species 2

	Effect on species 1
	
	Positive
	Neutral
	Negative

	
	Positive
	mutualism
	commensal
	consumer

	
	Neutral
	commensal
	-
	amensal

	
	Negative
	consumer
	amensal
	competition


They can be classified on the effect on the interacting species, or by the degree of ‘intimacy’ and the probability of the death of the consumed individual.
The evolutionary pressures on partners are different.  Selection favors increasing the frequency of the interaction for a partner that is affected positively, but selection favors reducing the frequency or intensity of the interaction for partners affected negatively.  So, whereas competitive interactions cause both partners to reduce the intensity of the interaction (and partition resources, for instance), every adaptation in prey that reduces the interaction places a new selective pressure on predators to overcome this novel trait.  Predation is an ‘arms race’.
II. Competition

A. Modeling Competition
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1. Intraspecifc Competition
- we have already modeled one type of competition: intraspecific competition.  In the logistic model, as the density of a population increases, there are fewer resources per capita and this affects either the birth rate (negatively), the mortality rate (positively), or both.  In any case, the population growth rate equilibrates at a carrying capacity.  This carrying capacity is an attribute of the environment, not an intrinsic characteristic of the population.  At this population size, birth rate = death rate and the population does not grow – it is being limited by some resource that is now in short supply.  This can cause a lower birth rate or a higher mortality rate.
2. Lotka-Volterra Interspecific Competition
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a. Competition Coefficients: 
 - The presence of another species that is removing resources from the environment will LOWER the density at which our target population will equilibrate.  The amount of this decrease depends on the number of competing organisms, and the rate at which they remove resources.  If we want to graph this relationship on a graph where our y-axis is N1 (or represent it in equation form), then we need to represent this decline in terms of N1 individuals.  This requires a “conversion term”, α, which is the “per capita effect of N2 individuals in terms of N1 individuals”.  For example, if 10 N2 individuals causes the population of N1 to equilibrate at a size 20 individuals lower (60 vs. 80, for example), then a = 2; apparently, each of the N2 individuals eats twice as much as an N1 individual, so 10 of them are “exerting the competitive effect” equal to 20 N1 individuals.
 - Consumers using the same resource can reduce the availability of that resource to the point where population growth becomes limited  - affecting either mortality or birth rate.

B. Empirical Studies
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1. Gause (30’s) 
 - Grew pairs of Paramecium species alone and together.  Found that P. aurelia and P. caudatum could not coexist in mixed culture.  However, P. aurelia and P. bursaria could coexist.  He noted that unlike the two other species, P. bursaria fed on the glass, not in the open water.  

- Gause coined the “competitive exclusion principle” – two species cannot coexist if their requirements are the same (same niche).

2. Park (‘50’s)
- Grew flour beetles under different environmental conditions.  Demonstrated that the outcome of competititve interactions was dependent on the environment.

3. Connell (60’s) 
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-explained the zonation pattern in the intertidal region as the result of the combined effects of desiccation tolerance and competitive ability.

- Banalus is the superior competitor under benign conditions, excluding Chthamalus from the lower intertidal.

- Chthamalus is limited to the upper intertidal, where it can tolerate the greater desiccation stress.
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C. Outcomes of Competition
 - negative effects on both populations


 - decrease in growth rate of individuals, birth rate, survivorship.


 - decline in the population size

 - possible competitive exclusion of one species – and thus a restriction in its spatial/temporal range

 - resource partitioning – a change in the range of resources used by one or both species

 - adaptation over time to the presence of a competitor, and a change in resource use, can result in genetic changes that influence the physiology, morphology, or behavior of a species – increasing its efficiency on this new range of resources.  Morphological change initiated by competition is called “character displacement”

III. Predation

A. Consumers can limit prey populations

1. Importance

 - the production of crop plants can be limited by herbivorous pests

 - we use predatory insects to control populations of herbivorous insects

 - consumer populations increase when prey are at high density; increasing transmission rates of parasites and pathogens in high density human populations

 - killing or excluding predators from an area can cause their prey populations to explode

 - defining whether and when populations are limited by food (bottom up) or predators (top down) becomes an important ecological question.

2. Examples


a. Cougar and Deer: Extirpate cougars, deer populations explode.

c. Cactus Moths: Cactoblastis moth from Argentina brought in to Australia to limit the spread of Opuntia cactus.  Knocked the population back by 99%.


e. Grazing mammals: Even grazing mammals can limit plant populations, as exclosure experiments with cattle and voles demonstrate.  Where excluded, plant biomass increases and the relative abundance of plants species changes.

f. Wolves/moose on Isle Royale:  Wolves crossed an ice bridge and began to prey on a previously insulated moose population.  Predation is heaviest in winter when wolves run on top of the snow.


g. Urchins and kelp:  The urchins remained high and grazed kelp to nothing because they had an alternative food supply (human waste) and few predators (sea otters were hunted nearly to extinction).  With sewage treatment and a stop to otter hunting, sea urchin populations declined and the kelp beds recovered.
B. Oscillating Populations is a Common Pattern

1. Examples

a. Lynx-snowshoe hare data from Hudson’s Bay Trapping Co.

b. Vole – owl populations in Sweden
c. Measles in England

IV. Mutualisms

A. Overview
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1. Dynamics


 - fitness benefit to both populations


 - diffuse (many partners and maybe not necessary) or obligate (one partner or necessary)

2. Historical Importance
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 - eukaryotes evolved by endosymbiosis about 1.8 bya.  Previous to that, all life was bacterial.  Eukaryotic life and compartmentalization of function allowed for the evolution of sexual reproduction and the exponential production of new variation upon which evolution could act.  In addition, the evolution of oxygen-releasing photosynthesis and the accumulation of oxygen in the atmosphere around 2.0 bya created a very deadly environment for most organisms that were probably anaerobic.  Endosymbiosis of oxygen-using proto-mitochondria allowed cells to evolve aerotolerance, and increase their metabolic efficiency, to boot. Subsequent endosymbiosis with photosynthesizing bacteria provide the host cells with sugar – a relationship we continue to see occurring today.
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 - multicellularity evolved when cells produced by division acted as mutualistic collectives, rather than completely autonomous cells.  Eventually, this allowed for cell-cell communication and cell specialization – which increased efficiency of the collective.


 - Most organisms are probably involved in mutualistic interactions (even beyond the cellular level).  All animals, for instance, harbor gut-symbionts that aid digestion so much that they cannot live without them.  And of course, they provide a suitable home for these symbionts – with a supply of food in a very stable environment. Most plants have endosymbiotic fungi that increase the absorptive surface area of their roots (increasing the supply of water and nutrients), that they feed with photosynthate.


 - And of course, cooperative, mutualistic, social interactions can evolve for a number of reasons, as we discussed before (kin selection, reciprocal altruism, etc.).
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 - At the community/ecosystem/planetary scales, the CYCLIC nature of energy and matter flow through different types of organisms highlights their mutual dependancies.   Decomposers are dependent upon plants and animals for food, and plants and animals are dependent on decomposers for nutrients.  Indeed, when these feedback loops increase, they impose a type of general stability on conditions.  James Lovelock created the “Gaia Hypothesis” around this idea, suggesting that life has constructed an environment that is suitable for life – through feedbacks in the hydro- litho- and atmospheres. “Daisyworld” idea with white and black flowers equilibrating the temperature of the world, even as temperature heats up abiotically.

3. Cultural Resistance


 - Curiously, the importance of mutualistic relationships to biological systems at all levels has been de-emphasized, ignored, or ridiculed.  Lynn Margulis, the primary proponent of endosymbiosis in the 1960’s, was harshly rebuked and her scientific reputation was attacked.  Same with Lovelock, although his ideas were more radical in nature.  There is an interesting historical concordance between the industrial revolution, the rise of capitalism, “American individualism” and the “competitive spirit”, and the importance of competition in Darwinian evolution with the de-emphasizing and denigrating of cooperative, mutualistic relationships.  This provides yet another interesting example of how science is very much embedded within our culture, and culture influences what questions we think are interesting, and what factors are likely responsible for a pattern.  So, an interesting (I hope!) aside.

B. Types of Mutualism

1. Trophic Mutualisms – help one another get food
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- ‘gut’ endosymbionts: gut bacteria in humans.  Gut bacteria in ruminants.  Gut bacteria and protists in termites to help digest their wood diet. Sulphur-bacteria in tube-worms.  Sometimes the host evolves a specialized cavity for the endosymbiont, such as the “rumen” of ruminants, or the trophosome of giant tube worms.  Giant tube worms don’t have a digestive tract as adults; they are colonized by these bacteria and feed off the sugars they produce. - Curiously, although one organism lives inside the other, they are not necessarily obligate (especially for the endosymbiont).  In some cases, the endosymbiont can live freely – as in the zooxanthellic algae that can live in corals.  The polyps are predatory and can feed without the algae, too; although both do much poorer and eventually die.  Paramecium eat Chlorella (eukaryotic algae) and does not digest them, entering into an endosymbiosis. Aphids and plant hoppers suck sugary sap.  They feed gut bacteria that produce some essential amino acids that the insects can’t photosynthesize. The bacteria are cultured in specialized cells called bacteriocytes in the fat bodies of the insects, and this is the only place the bacteria live.
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  - plants and N-fixing bacteria: these are facultative relationships – each can live without the other, though not nearly as well.  There are also adaptations specific to the interactions.  An anaerobic soil bacterium (Rhizobium) infect roots of legumes and stimulate the production of root nodules. These nitrogen-fixing bacteria convert N2 to nitrites and nitrates that the plant can absorb – freeing it from N-limitation (which very commonly limits plant growth…which is why fertilizers stimulate growth).  The plants provide sugars to the bacteria.  The plants also make a heme-like chemical that binds oxygen, keeping the oxygen concentrations low for this anaerobic bacteria.
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 - plants and fungi: ectomycorrhizal fungi wrap their hyphae around roots but don’t penetrate the cell walls.  Endomycorrhizal fungi (or vesicular-arbuscular mycorrhizal VAM fungi) have hyphae that invade the cell wall but not the membrane… but establish a more intimate relationship with the plant.  Both types of fungi increase the absorptive power for water and nutrients, and they are fed photosynthate in return. Orchids have evolved obligate relationships with their fungi.  The hyphae grow through the seed coat to help the seed germinate. Orchid can’t live without the fungus. 

 - algae and fungi: lichens. Fungi are only associated with one algal species, but an algae can have different fungal partners.  These are all obligate; the fungi gets sugar and the algae gets inorganic minerals.

- mixed foraging flocks often occur when resources dwindle.  Birds of several species will flock together, hunting for resources.  These are very dynamic and labile interactions; the flock breaks up and can be composed of different individuals and species over time. Very diffuse and informal.

2. Defensive Mutualisms – trade protection for food
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- Animals and Food Sources:  


1. Leaf-cutter ants and their fungal gardens: Leaf cutters cut leaves and return them to the nest where they chew them into a mulch.  They grow a single species of fungus on the mulch, and this is the only place this fungus grows.  The ants farm the fungus – it is all they eat.  In addition, they ‘farm’ the fungus, weeding other fungi and pathogens.


2. Ant-Acacia Interactions: Several species of ants have coevolved with acacia trees, from facultative to obligate relationships.  In the facultative relationships, ants visit for pollen and nectar, and provide some defense while they are there.  In the obligate relationships, the ants nest in hollow thorns, they eat nectar, pollen, and specialized fatty structures produced by the plant called Beltian bodies.  So, they get protein, fats, carbos, and a place to live.  They are very aggressive, and attack if the plant is disturbed – just like disturbing an ant nest in the ground.  One of the most interested recent reports shows the dependency of this relationship on the environment – specifically the abundance of large herbivores.  In Africa, the decline in native herbivores in certain areas changes the fitness relationships…essentially, if herbivory is reduced, then “paying” the ants “protection money” is not worth it – and plants that don’t make thorns have higher fitness than those that do.


3. Ants and Aphids: Ants farm aphids like cows… they eat the ‘honeydew’ that aphids secrete, and they herd them around to new plants and protect them from predators and parasites.

 - Cleaning Mutualisms


The cleaner gets a meal, and the individual that is cleaned gets ‘protected’ from its parasites.  Tick birds and their large mammal hosts are a good example.  Another interesting example is ‘cleaning stations’ in marine fish communities.  Certain fish will clean parasites off others.  The parasite laden fish will line up, waiting for service from the cleaners at their cleaning station!  There are some very interesting social interactions here, akin to the “reputation” hypothesis of altruism.  Cleaners remove parasites, but they can also take bites out of their hosts!  Fish watch, and go to cleaners that ‘cheat’ less.  In addition, there are mimic cleaners that are different species… and they just bite.

3. Dispersive Mutualisms: trade food for transport


1. Pollination: bees, wasps, ants, butterflies, moths, flies, birds, bats, and some other small mammals visit flowers, eat nectar and pollen, and disperse pollen.  These interactions can be diffuse, specific, facultative, and obligate.  Syndromes such as red = hummingbird, broad and white and open at night = bat, create some easy patterns and some general taxonomic specificity.


2. Seed Dispersal:  Animals eat the seeds, digest the fruit, and the seeds pass through the gut or are regurgitated.

Community Ecology

I. Introduction
 A. Definitions of Community
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1. Broad: 
 - most ecologists define a community as an assemblage of populations interacting in the same place at the same time.  In this context, they often identify the community by the ‘dominant’ species in the community, such as an “oak-hickory” community.

2. Narrow: 

We can also define communities more narrowly – either functionally or taxonomically.  So, we might refer to the “small-mammal community” of the southeastern U. S., which would include predatory mice like the grasshopper mouse, as well as seed-eating mice.  Or, we might refer to a “guild” – which is a functional subgroup of populations in an area that use a common set of resources in similar ways.  So, much as we might think of a guild of medieval craftsmen (‘clockmaker’s guild’) that all do similar things, we can use this in an ecological context, too.  So, large carnivores are a guild on the plains of Africa.
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3. Complex: 
Finally, there might be energetic relationships between communities separated in space.  Species might migrate between them, linking these communities into a ‘complex’.  In this case, the dynamics of a population must be understood in both communities.  For example, songbirds in the Eastern U.S. have been declining for the last 50 years, even though the forested habitat of the southeast has been increasing. How can this be? Well, these songbirds migrate to the tropical forests of central and South America, which have been shrinking over the last 50 years.  So, the populations have been constrained by the loss of habitat in their wintering grounds, and their reproductive rate in the summer breeding grounds has not been enough to offset these loses.

Likewsie, we often think of terrestrial and aquatic communities as separate from one another… how can trees affect the amount of fish in a stream?  But the trees transfer lots of energy to the stream system through their dropped leaves – energy that feeds the aquatic communities.

B. Key Descriptors

1. Species Richness

 - this is simply the number of species in the community

2. Species Diversity

 - species diversity includes some reference to the relative abundance of the species in the community.  If all species are equally abundant, the community is very diverse.  If there are species that are very abundant and others that are very very rare, then we would experience a less diverse community.  Several indices measure diversity and are affected by changes in both richness and relative abundance (evenness).

C. Conceptual Models

1. Lindeman's energetic model (1940's):  Because of the second law of thermodynamics, herbivores cannot convert all the plant food they eat to biomass… yet it is only their biomass that is available to predators.  So, necessarily, the biomass of herbivores will be less than plants, and the biomass of predators will be less than the biomass of herbivores.  Because warm-blooded (endothermic) animals spend lots of their food energy on producing heat, they will store less of their food energy as biomass – usually under 10%.  So, food ("trophic") pyramids dominated by mammals will be short – the transfer of energy up the pyramid is inefficient, and there quickly will not be enough energy to support another higher trophic level.  So, in Africa, it is grass, grazers (wildebeest, antelope, etc.), and big cat predators.  Food webs dominated by ectotherms ("cold-blooded") animals will be longer, because animals convert a greater fraction of their food energy to biomass that is available to higher trophic levels.  So, plankton are eaten by zooplankton, then shrimp, then little fish (sardines), then tuna, then shark.  More levels can be supported because the energy initially trapped by photosynthesis is transferred more efficiently through trophic levels.  There is more energy available lower on the pyramid, and adding energy increases the abundance of all levels above it. These are “bottom up” forces. 

2. Hairston, Slobodkin, and Smith (HSS) 1960:
"The world is green", so there is a lot of uneaten vegetation.  So, herbivores can't be limited by food – they must not be at carrying capacity.  Why?  What is keeping their populations small – below carrying capacity?  Predators.  Consider a trophic pyramid, starting at the top. Predators aren't eaten by anything, so their population will increase to the point where they are limited by food.  At this point they will compete, and drive their prey populations to lower abundance.

The prey (herbivores) are kept at low abundance by predation, and do not limit the abundance of their food (plants).  The plants, not limited by predation, increase to the point where they are limited by resources… and they compete.  In this scenario, the structure of the community is  influenced from the top down.

II. Multi-species Interactions within a Trophic Level

A. Additive Effects
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 - the effects of competitors can be modeled very easily by Lotka-Volterra models; you would simply add a new term, describing the addition effects of multiple competitors.  Some research has demonstrated that additive effects do, indeed, occur, such as the protist experiments by Vandermeer.  He grew protists in pairwise combinations, and then predicted the outcomes in 3 and 4 species assemblages.  The predictions were met reasonable well.

B. Non-Additive Effects

 - non-additive effects can occur if the presence of a third species affects the impact of the second on the first, which is aN2.  So, there are two ways a non-additive effect can occur – the addition of a third species can change the abundance of the second (N2), and thus the competitive impact, or it can change the nature of the interaction, itself (a).
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1. Indirect Effects:  are mediated by changes in abundance.  So, in the fly example, D. putrida was affected negatively by two other species.  However, when all three species were present, D. putrida did better than when it was competing with D. tripunctata, alone.  So, D. falleni had a direct negative effect on D. putrida (pairwise competition). But, it also had a direct negative effect on D. tripunctata – reducing the effect of D. tripunctata on D. putrida.  “The enemy of my enemy is my friend”.   Well, only when that common enemy is present.  Once things revert to a two-species system, you are enemies again.  Sort of like al-quaeda.  When they were fighting Russia in Afghanistan, we perceived them as our friend fighting a common foe and we gave them lots of money and arms.  Once the threat from Russia was over, the negative interaction between us and al-quaeda resumed.  “The enemy of my enemy is my friend” is a very dangerous and fragile relationship, because it does not define the direct effect in the absence of the common enemy. 
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2. Higher-Order Interactions: are mediated by changes in the per capita competitive effect (a).  These changes can be seen when abundances are kept constant and the effects are non-additive.  In Wilbur’s (1972) experiment with salamanders, A. laterale was larger in the presence of two competitors than in the presence of either, alone.  As density is not affected, the change must come in the per capita effect – which might be explained by the decrease in size.

C. Results
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Species Packing:  this is resource partitioning and character displacement at the community level.  What we might expect to see is a non-random ordering of species along a resource or morphology axis. Dragonflies at Congaree National Park perch at heights that are evenly distributed. Weasel species in the middle east provide a nice example of morphological character displacement at the community level – the species are ordered with equal distances between them in canine width, correlating with differences in prey.  The sexes also reduce intraspecific competition by shifting morphologically.

III. Multi-species interactions across Trophic Levels

A. Keystone Predator Effects
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1. Paine (1966) – Rocky Intertidal

Seastars prey on a wide variety of sessile organisms, from mussels to barnacles to chitons.  However, they prefer mussels, which are also the competitive dominant for space in the intertidal.  Paine allowed and excluded seastars from areas and compared the responses of other species. Seastars exert a direct negative predatory effect on barnacles and other species, but they exert a stronger, positive, indirect effect by reducing the abundance of the competitively dominant mussels and releasing these species from competitive exclusion.  At the community level, plots that had seastars excluded eventually became low diversity ‘monocultures’ of mussels, whereas plots where seastars had access were maintained as high diversity systems with open areas for the colonization and settlement of new species.  He coined the term “keystone predator” – the “keystone” of community structure that supports the diversity of the system.

Study Questions:

1) Why might a population exhibit a clumped distribution?  How about a regular distribution?

2) What is the "carrying capacity", and what happens to the population's rate of growth when this size is reached?  Why?

3) How does the presence of a competitor affect the carrying capacity for a species?  Why?

4) What is the "competitive exclusion principle", and how did Gause's experiments lead him to this conclusion?

5) What did Park's experiment show about the outcome of competitive interactions?

6) How do environmental tolerances and competitive interactions explain the distribution pattern of barnacles in the rocky intertidal?
7) How can a species do better in the presence of TWO competitors than it does in the presence of one?  Explain an indirect effect in your answer.

8) Why are food webs dominated by mammals short, while those dominated by fish are longer?
9) How can populations be limited by "top-down" or "bottom-up" forces?

10) How does the presence of a "keystone predator" maintain species diversity in a community?

