Chapter 4  
       
     BIOLOGICAL COMMUNITIES 

SPECIES INTERACTION

WHO LIVES WHERE, AND WHY?

Every living organism has limits to environmental condition it can endure.

Each environmental factor has a maximum and minimum level beyond which the species cannot survive or reproduce.

Some of these factors are temperature, moisture, light, living space, nutrients, reproductive space (nests, caves), salinity, and acidity. 

LIMITING FACTORS

· Chemical and physical factors that limit the growth, abundance or distribution of an organism.

· Environmental factors have both a maximum and minimum levels called tolerance limits. Beyond these levels the species cannot survive. This has been called Leibig’s or Shelford’s law after the scientists that first proposed it and modified it. 

· We now recognize that the interaction of all these factors rather than a single one determine the distribution of many species. 

CRITICAL FACTOR

· The single environmental factor in shortest supply relative to the demand and closest to the tolerance limit of a species.

Sometimes the requirements and tolerances of species are useful indicators of specific environmental characteristics.

The presence or absence of that species can tell us something about the community and the ecosystem as a whole.

ENVIRONMENTAL INDICATORS

· Organisms that are characteristic of a particular habitat because of its quality or set of conditions are called environmental indicators or bioindicators. 

· Organisms (bioindicators) or physical factors that serve as gauge for environmental changes. 

ADAPTATION

The inheritable characteristics that enable an organism to survive in a given environment are called adaptations.

Individual organisms adapt to changes in the environment giving them a range of tolerance.

Adaptation also operates at the population level through the inheritance of specific genetic traits that allow a species to live in a particular environment.

Evolution is a process by which populations of organisms change over time.

· Response to the environmental changes.

· Mutations: changes in the DNA structure.

Natural selection is the mechanism by which evolution occurs.

It acts on preexisting genetic diversity created by mutations.

It favors organisms with certain traits that allow them to survive and reproduce.

Mechanism of Natural Selection:
· Individuals of a population vary from one another.

· Many more offspring are produced than will survive and reproduce.

· There is competition between the members of the population for needed resources.

· Those best adapted survive and reproduce.
The environment exerts a selective pressure on populations of organisms by eliminating some individuals and allowing others to survive and reproduce. This is called differential reproduction. 

Examples of environmental factors that cause selective pressure and influence fertility and survivorship of organisms:

· Physiological stress due to temperature, light, pH, etc.

· Predation including parasitism and disease.

· Competition.

· Overpopulation (high density).

· Chance

Selection acts on the individual.

Evolution and adaptation act the population level.

Selection can cause with similar origin to become different in appearance and habits.

· This is called adaptive radiation.

· Examples: the finches in the Galapagos Islands; marsupials in Australia.

In some cases organisms with different origin become similar in their appearance and actions. 

· This is called convergent evolution.

· Examples: flippers of dolphins and fins of sharks; webbed feet of otters and ducks.

ECOLOGICAL NICHE

HABITAT: A description of the place or environmental conditions in which a particular organism lives.

Ecological niche is the description of the role a species play in a community. It includes the resources it uses, how it uses them, and how it interacts with other populations.

· Type of food.

· How it relates to other species.

LAW OF COMPETITIVE EXCLUSION
Not two species can occupy exactly the same niche and coexist in the same habitat for very long.

One group will gain a larger share of resources while the other will either migrate, become extinct or change in such a way that it will minimize competition.

· The fundamental niche of a species refers to the entire range of conditions and resources available to be used and exploit if there were no competition.

· Competition can decrease the fundamental niche of a species. This reduced habitat and resources due to competition is called the realized niche. The realized niche is less than the fundamental niche. 

Resource partitioning occurs when species living in the same habitat specialize to minimize competition.

SOME KEY CONCEPTS:

1. SPECIES: Organisms of the same kind that are genetically very similar and can breed in the wild or without human interference, and produce live, fertile offspring.

2. POPULATION: A population consists of all the members of a species living in a given area at the same time.

3. BIOLOGICAL COMMUNITY: A biological community is made of all of the populations of organisms living in a particular area.

4. ECOSYSTEM: An ecosystem is made by the interaction of the biological community and its physical, non-living environment.

· Abiotic: non-living components, e.g. temperature, weather, soil.

· Biotic: living components, e.g. animal and plant species.

· Interaction between all living and non-living factors.

SPECIES INTERACTIONS

Predation and competition are important factors in evolution and adaptation.

Predation and parasitism

Predators are organisms that feed directly on other living organisms whether or not it kills its prey.

In a broad sense it includes carnivores, herbivores, parasites and pathogens.

In a narrow sense it means only carnivores.

It does not include decomposers, scavengers, and detritivores.

Predation can occur at any of the stages of the life cycle of the predator or prey, e. g. egg, larva, young, adult.

Predators have evolved specialized food-obtaining mechanisms.

Predator-prey adaptations have evolved that encourage or resist predation.

Predator and prey exert selective pressure on each other in a process called coevolution.

Parasites are organisms that feed on another living organism called the host without killing it. 
Pathogens are disease-causing organisms and are usually considered parasites. 
Keystone species

A species or group of species that exert a larger and more influential impact in the community that would be expected from mere abundance.

· e. g. wolves (top predators), bees (pollinators), some wild fig species, mycorrhizae.

Competition

The struggle for resources (food, space, light, etc.) in the same habitat. There are two types of competition.

1. Intraspecific competition: between member of the same species.

2. Interspecific competition: between members of different species. 

- It occurs when niches of two species overlap.

Territoriality: an individual defines an area as home or nesting site and defends it, primarily against members of their own species.

- It is a form of intraspecific competition.

Symbiosis

The intimate living together of two or more species.  It includes … 

· Commensalism: one benefits, the other remains unaffected.

· Mutualism: both partners benefit from the association.

· Parasitism is considered by some as a type of symbiosis where one organism benefits and the other is harmed.

Defensive mechanisms

1. Toxic chemicals: irritants, poisons, etc.

2. Body armor.

3. Weapons: claws, fangs, stings, etc.

4. Camouflage.

5. Mimicry:

- Batesian mimicry: harmless imitates harmful.

- Muellerian mimicry: two harmful species look alike. When predators learn to avoid

  one of the two species, the other benefits. 

COMMUNITY PROPERTIES

· PRODUCTIVITY: refers to the rate of energy storage or increase in organic matter (biomass). 

Energy left after respiration is the net primary production.

Levels of light, temperature, moisture and nutrients regulate photosynthesis.

· ABUNDANCE is a measure of the total number of organisms present in a biological community.

· DIVERSITY is a measure of the total number of different species, ecological niches and genetic variation present in an ecosystem.

· The abundance of a species is often inversely related to the diversity of the community.

· Usually diversity decreases and abundance increases from the equator to the poles.

-     Productivity is related to abundance and diversity.

-     Productivity is regulated by light levels, moisture, temperature and nutrient 

      availability.

COMPLEXITY 

· Complexity refers to the number of species at each trophic level and the number of trophic levels in a community.

· A diverse community may have a simple food chain: high diversity and low complexity if all its species are clustered in only a few trophic levels and form a relatively simple food chain.

· Connectedness refers to the number of interactions between the member species of a community. 

· Resilience and stability

Complex and interconnected communities tend to be more resilient and stable in the face of disturbance.

Stability is due to the self-perpetuating mechanisms of the species in the ecosystem.

· Constancy: lack of fluctuations in composition or functions.

· Inertia: resistance to perturbations.

· Renewal: ability to repair damage after disturbance.

EDGES AND BOUNDARIES

The boundary between two habitats is an important aspect of community structure. 

Ecotone refers to the boundary between adjacent communities. It could be a sharp boundary or gradual and indistinct.

Species may be adapted to live in the ecotone, e. g. deer and cardinals in North America. 

The forest edge or ecotone may have a different combination of plant and animal species than the interior of the forest, the forest core.

COMMUNITIES IN TRANSITION

Organisms occupying a site often gradually change environmental conditions by creating soil, shade, shelter or increasing humidity. This process is called ecological succession. 

Ecological succession is the replacement of communities, one community by another, on an area. It involves a change in numbers and kinds of organisms.

· primary succession occurs in sites that were previously unoccupied by a community, e. g. lava flows, silt deposits after a flood, sand bars, etc.

· secondary succession takes place when an existing community is disrupted and new community develops at the site.

Pioneer species are the first colonizers of a disturbed area.

Each community prepares the way for a new set of invaders by modifying the area. This is called ecological development.

Eventually a community develops that resists change, the climax community.

Some communities are disturbed periodically and are adapted to disruption. They are called disclimax communities or equilibrium communities.

Disclimax communities never reach the climax stage.

Grasslands, the chaparral of southern California and some pine forests are maintained by periodic fires. The plants are adapted to resist fires. 

The dominant species in these fire-climax communities depend on periodic fires to eliminate competition, open their cones or thick seed coats and prepare the ground for seeding. 

Without fires, these communities will have a different structure. 

Introduced species are on of the greatest modern threats to biological diversity. 

When introduced species are free of predators, they can disrupt the balance of the community and cause catastrophic changes for native species.

