Chapter 5
Biodiversity, Species Interactions, and Population Control
5-1  How do species interact?

A.
Competition between species for food, sunlight, water, soil, space, nest sites, etc.
1.
Competitive exclusion principle – No two species can occupy the exact same niche for very long.
2.
Intraspecific competition is the competition between organisms of the same species.  In addition to competition for resources, this also includes competition for mates.
3.
Interspecific competition is the competition between organisms of two different species.

4.
With intense competition for limited resources, one species must migrate; shift its feeding habits/behavior or face extinction.

5.
As humans take more and more space, other species are compromised.

B.
Predator-prey relationships define one species (the predator) feeding/preying on another (the prey).

1.
The individual prey organism is harmed, but predation can help the prey population by eliminating the sick, weak and old.

2.
Predators have a variety of ways to capture prey.  Herbivores feed on immobile plant species; carnivores use pursuit of prey or ambush to capture prey.  Some predators use camouflage and others use chemical warfare (venom) to capture prey or deter predators.

3.
Prey species escape predators in a number of different ways such as swift movement, protective shells, camouflage or use of chemicals to repel or poison.
4.
Intense natural selection forces exist between predator and prey populations.  This can lead to coevolution, or when changes in the gene pool of one species lead to changes in another species.
C.
Parasites live on or in another species.  The host of this arrangement is obviously harmed by it but it is rarely killed.

1.
The parasite can contribute to biodiversity by controlling the size of specific species populations.
2.
Some examples of parasites are:

a.
internal – microorganisms and tape worms
b.
external – fleas, ticks, mistletoe plants, sea lampreys

D.
Mutually beneficial interactions also exist in ecological environments.

1.
Mutualism is a relationship which benefits both species; these benefits can be in dispersing pollen and seeds for reproduction, in receiving food, or in receiving protection.

2.
Mutualism is not cooperation; each species exploits the other.  Examples include:
a.
Birds & African buffalo, elephants and rhinoceroses

b.
Clownfish and anemones

c.
Fungi and plant root associations called mycorrhizae

E.
Some species interaction helps one species but does nothing for the other; this is commensalism.  Examples of this are the bromeliads and orchids (epiphytes)

5-2 How can natural selection reduce competition between species?

A.
In competitive situations, some species evolve adaptations which reduce or avoid competition for resources…to reduce the niche overlap.
1.
Resource partitioning occurs when species competing for similar scarce resources evolve specialized traits that allow them to use resources at different times, in different ways, or in different places.
2.
An example is that of insect-eating warblers in Maine forests that eat insects in specific parts of a spruce tree.  Owls hunt at night; hawks hunt during the day.

B.
Intense competition may lead to evolutionary divergence of a single species into variety of similar species with specialized niches.
1.
The population must have genetic variability
2.
This is the basis for natural selection which drives evolution of new species.
5-3 What limits the growth of populations?

A.
Populations change in size, density, and age distribution; most members of populations live together in clumps or groups

1.
Three general patterns of population distribution occur in a habitat: clumping, uniform distribution and random dispersion.  Most species live in clumps or groups.

a.
Living in groups offers better protection from predators

b.
Some predator species live in packs to better have a chance to get a meal

c.
Temporary groups may form for mating and caring for young

B.
No population can grow indefinitely due to limited resources such as light, water, and nutrients and because of competitors or predators.

1.
The biotic potential is the population’s capacity for growth.

2.
The intrinsic rate of increase (r) is the rate of population growth with unlimited resources.

3.
Rapidly growing populations have four characteristics:

a.
Individuals in the population reproduce early in life.

b.
Individuals have short periods between generations.

c.
Individuals have long reproductive lives.

d.
Individuals reproduce multiple offspring each time they reproduce.

4.
Rabbits have a high biotic potential, bacteria’s biotic potential is extremely high, and organisms like humans and elephants have much lower biotic potential.
C.
Environmental resistance consists of factors that limit population growth.

1.
Limiting factors can be food, water, space, nutrients, etc.  These limiting factors act as a negative feedback loop on the population size.

2.
Carrying capacity (K) is determined by biotic potential and environmental resistance.  This is the number of a species’ individuals that can be sustained indefinitely in a specific space.

3.
As a population reaches its carrying capacity, its growth rate will decrease because resources become scarcer.

D.
A population can grow rapidly with ample resources

1.
With few resource limitations, a population will have exponential growth.  This is a fixed rate of growth that will take be a J-shaped growth curve as the base size of population increases.  This represents its intrinsic rate of increase (r) or biotic potential.

2.
This exponential growth is converted to logistic growth when the population gets larger and faces environmental resistance.  In logistic growth, the growth rate levels off as population size reaches or nears carrying capacity.

3.
The sigmoid (s-shaped) population growth curve shows that the population size is stable, at or near its carrying capacity.

Know these types of curves!!
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E.
When population size exceeds its carrying capacity, they can experience a crash or a dieback.  Organisms die unless they move or switch to new resources.

1.
Exponential growth leads to logistic growth and may lead to the population overshooting the environment’s carrying capacity.

a.
Overshooting an environment’s resources often is a result of a reproductive time lag.

b.
The reproductive time lag can produce a dieback/crash of organisms unless the organisms can find new resources or move to an area with more resources.

2.
If the carrying capacity of an area is exceeded, changes in the area itself can reduce future carrying capacity.  Reducing grass cover by over-grazing allowed sagebrush to move in and reduce the number of cattle that the land could support.

F.
Reproductive patterns can be classified into two fundamental reproductive patterns, r-selected and K-selected species

1.
r-selected species have a high rate of reproduction with little parental care.  They have many, usually small offspring.  Massive loss of offspring is compensated for by the large numbers of offspring each reproductive cycle.

2.
r-selected species are opportunists; reproduce when conditions are favorable or when disturbance opens a niche for invasion.  Most species of this type go through irregular and unstable boom-and-bust cycles in population size.

3
Competitor or K-selected species are at the other extreme.  They produce later in life, have a small number of offspring, are born fairly large, are cared for and protected by parents, mature more slowly. 
4.
K-selected species are competitors and are much better at competing when resources are scarce.  Their population generally follows a logistic growth curve.  Many of the larger species with long generation times/low reproductive rate are prone to extinction.

5.
Availability of suitable habitat for individuals of a population ultimately determines the size of the population.

G.
The density of a population may or may not affect how rapidly it can grow.

1.
Density-independent population controls affect a population’s size regardless of its density. These are abiotic factors in the community such as weather, pollution, and fire.

2.
Density-dependent population controls have a greater effect on the population as its density increases.  Infectious disease, competition, and predation are examples.

H.
Population sizes may stay about the same; suddenly increase and then decrease, vary in regular cycles, or change erratically.

1.
A stable population fluctuates slightly above and below carrying capacity and is characteristic of many species living under fairly constant environmental conditions.

2.
Some species have a fairly stable population size that may occasionally irrupt to a high peak and then crash to below carrying capacity.  This is characteristic of short-lived, rapidly reproducing species.

I.
Interaction between predators and their prey change in cycles, appear to be caused by species interactions, but other factors may be involved.

1.
Hypothesis of top-down control of prey by predators may not be only explanation for cyclic boom-and-bust seen in these populations.  May also be related to food supply of prey.

2.
Bottom-up control hypothesis is that plants consumed too rapidly by prey for replacement to keep up.  Have crash of plant predators and that leads to crash of higher predators of the herbivores.

3.
True population dynamics in the natural world are the result of both top-down and bottom-up population control.
5-4  How do communities and ecosystems respond to changing environmental conditions?

A.
With new environmental conditions, community structures can change; one group of species is replaced by another.
1.
Ecological succession is the gradual change in species composition of a given area.

2.
Primary ecological succession is the gradual establishment of biotic communities on lifeless ground; in the soil there is no terrestrial community; in an aquatic community, there is no bottom sediment.  This process generally takes a very long time.

a.
Pioneer species attach themselves to patches of bare rock to begin the process.  Lichens and moss begin the building of soil particles.

b.
Early successional plants include tiny annuals that reseed, followed by small perennial grasses, herbs and ferns and grow close to the ground

c.
Mid-successional plants include low shrubs and trees that require more soil and lots of sunlight.  This process takes hundreds of years.

d.
Late successional plant species are generally tree species that create shade and can tolerate shade to become a complex forest community.

3.
Secondary ecological succession defines a series of communities with different species developing in places with soil or bottom sediment.  The soil or sediment remains after the natural community of organisms has been disturbed, removed or destroyed.

a.
Forest fires or deforestation, for example, can convert a particular stage of succession to an earlier stage.

b.
Changes in vegetation during secondary succession also change the numbers and types of animals and decomposers also.

B.
Changes in environmental conditions that disrupt a community can set back succession.

1.
Disturbances such as fire, drought, mining, plowing climate change, etc. can set back succession to an earlier stage.

2.
Large catastrophic disturbances can devastate a community, but in the long run such disturbances create unfilled niches and may encourage greater biodiversity.

C.
The classic view of ecological succession is that it is an orderly sequence, each stage leading to the next, more stable stage until a climax community is reached. Such a community would represent the balance of nature, one dominated by a few long-lived plant species that is in balance with its environment.
D.
Scientists can’t predict the course of a given succession in a community toward a stable climax community in balance with its environment.

1.
The equilibrium model of succession was thought of as the balance of nature.

2.
Ecologists now view a community as a continuous change with instability rather than equilibrium.

3.
Succession reflects a struggle for each species to obtain food, light, nutrients and space to gain an advantage by occupying much of its fundamental niche as possible.
4.
The term biotic change better describes the changes occurring than does the term succession, and mature community fits better than climax community when describing a relatively stable community with a mosaic of vegetation patches.

NOT IN THE BOOK

Survivorship curves
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A.
Populations of different species vary in how long individual members typically live.

1.
A survivorship curve is one way to represent age structure of a population.

2.
Three generalized types of survivorship curves are: late loss, early loss, and constant loss
3.
Late loss (Type I) populations have individuals that live to an old age, early loss (Types III) populations have individuals that die at young ages, and constant loss (Types II) populations die at all ages.
3.
A life table shows the numbers of individuals at each age on a survivorship curve.  Insurance companies use life tables to determine cost of insurance policies.

