I.  Equilibrium in the Biosphere

Equilibrium - a state of balance.  All living things interact with each other and the nonliving things in the environment.

Earth’s Structural Zones

        1.  Atmosphere

        2.  Lithosphere

        3.  Hydrosphere

Biosphere - region of earth’s structural zones in which living things are found

        1.  Biotic Component - living things

                a.  organism - individual

                b.  population - group of individuals of the same                       species occupying a given area at a certain time

                c.  community - includes the populations of all                         species that occupy a habitat

                d.  ecosystem - a community and its physical and                        chemical environment

        2.  Abiotic Component - nonliving things

                a.  atmosphere - air that encircles the earth

                        * troposphere - where weather occurs, due to                            convection currents

                        * stratosphere - location of ozone layer

                        * mesosphere - upper limit of ÒtrueÓ atmosphere

                        * ionosphere - absorbs X and gamma rays;                                location of northern lights

                        * magnetosphere - magnetic bands that deflect                   charged particles from the sun

                b.  solar energy - source of infrared energy to heat            earth and organisms; drives photosynthesis

                        * albedo effect - ability of a surface to                               reflect the light that strikes it.  Results in                  deflection of solar energy away from earth by                   clouds.

                c.  biogeochemical cycles - complex, cyclical transfer          of nutrients from the environment to the organism, and          back to the environment again.

                        i.  hydrologic cycle

                                evaporation

                                condensation

                                precipitation

                                runoff

                                transpiration

                        ii.  carbon cycle

                                photosynthesis

                                cellular respiration

                                decomposition

                                combustion

                        iii.  nitrogen cycle

                                nitrogen fixation

                                denitrification

                                proteins

                        iv.  phosphorus cycle

                                rock cycle

                                food chain

Problems

1.  Acid Rain

2.  Ozone Depletion

3.  Greenhouse Effect

4.  Fertilizers

CONCEPT OF THE ECOSYSTEM

A useful concept for examining the interaction of an organism with its environment, interpreted as including other organisms, is that of the ecosystem.

1. An ecosystem is organism's environment interpreted at a large scale.

There is no precise distinction of what an ecosystem is, but it is ususlly described as the combination of all the organisms in a given area and the abiotic elements which affect them.

Biomes are general categories of ecosystems based on vegetation, such as "temperate grassland" or "tropical rainforest". They are broadly defined by climate, the principal components of climate being solar radiation, temperature and precipitation.

Examples of ecosystems include:

   * Boreal forest of Elk Island Park.

   * Lesser Slave Lake

   * Arctic desert of Baffin Isand

   * Tropical rainforest of New Guinea.

   * The Black Sea

   * A group of thermal vents on the ocean floor

Abiotic factors such as climate and parent rock interact with the species within a limited geographical range to define the ecosystem. The Ecosystem functions as a "system" in which the components interact in the flow of energy through the system and the 

cycling of elements in it. An ecosystem is an open system because it can exchange energy or materials with other ecosystems.

Within the boreal forest ecosystem, there are many communities: riparian communities (along streams, rivers and ponds) where amphibians, ducks and muskrat live, and bog communities of black spruce and moss where moose and red-backed voles live, upland com

munities of aspen and alder where white-tail deer and ruffed grouse live. All of these would be recognized as elements of the boreal forest ecosystem of Elk Island Park.

The elements of the ecosystem are linked to each other by energy flow. In most ecosystems, energy comes ultimately from the sun, sunlight being converted to chemical energy by autotrophs. This energy flows through the ecosystem through food chains, severa

l of which make up food webs in it.  This provides the links between, for example, the upland aspen forest and the riparian community along streams.

Trophic levels include autotrophs (primary producers) and herbivorous heterotrophs (primary consumers) the carnivorous heterotrophs (secondary consumers, tertiary consumers etc). All of these are ultmately consumed by the detritivores. A sequence of organ

isms, each of which is consumed by the next is called a food chain.

Example of a boreal food chain:

   * primary producer such as a grass, Calamagrostis canadensis,

   * this is eaten by the meadow vole, Clethrionomys    pennsylvanicus,

   * which is in turn eaten by northern shrike, Lanius excubitor

   * which is in turn eaten by a hawk owl, Surnia ulula

Each of these consumers is not limited to feeding on one item, nor is the grass consumed by only one herbivore. Therefore, in real ecosystems, there are many food chains which intersect, to form a food web of trophic interactions.

Note that as you go up the food chain or the food web the biomass tends to decrease in the higher trophic levels (although not always) .

Example of another food web is the marine intertidal zone, which can be one of the most productive in the world:

        filter feeders:

   * barnacles, bryozoans, sand dollars, fish, crabs, snails,   clams

     these are consumed by:

   * crabs, fish, snails, shore birds,

     these can be consumed by:

   * larger crabs, larger fish, bald eagle, golden eagle

     scavengers:

   * black bear, bald eagle, beach hoppers, crabs

In real food webs, some organisms may function at more than one trophic level. The easiest example would be an animal like a bear that is both a herbivore and a carnivore, but more complex examples exist.

2.  Limiting Factors:

Energy input from sunlight may not be a limiting factor because the primary producers can be limited by the amounts of nutrients such as nitrogen and phosphorous (this is why farmers fertilize). Some terrestrial systems such as the boreal forest are limited by N; some aquatic systems such as temperate lakes may be limited by Phosphorous.

Water can also be limiting ( farmers irrigate) and we can see this in mediterranean climates which are very productive in the wet season but not so in the dry season.

3. The living components are of a great range of evolutionary ages.

Almost any ecosystem has a great range of organisms in it (hot springs being an exception), ranging across kingdoms and evolutionary ages. For example, the boreal forest has a range of autotrophs from flowering plants that evolved since the last glaciatio

n, more ancient flowering plants, conifers, mosses, terrestrial algae, and cyanobacteria. Animals will include more recently evolved wolves and bears and animals that represent more ancient lineages such as centipedes and millepedes and nematodes. There a

re mycorrhizal fungi and fungal decomposers and disease organisms, and fungi as mycobionts in a range of lichens. There are amoebas and ciliates and a range of other protists in pools of water. There are all kinds of bacteria

performing all sorts of functions as pathogens, decomposers, nutrient cyclers etc. Almost any ecosystem has a similar mix.

It is difficult to reconstruct the details of past ecosystems, but we can speculate that the ecosystems of 150 million ybp or 400mybp probably functioned in much the same way as the current ones do, even though the species making them up have changed considerably. The other point is that the organisms of different evolutionary ages function together, even though they did not evolve together. Did the older organisms evolve in response to

the appearance of the new organisms or did the new organisms, as they developed, evolve only in those ways allowed by the previously existing ones? It is interesting to speculate.

Glossary

Biome: A set of ecosystems having similar vegetation structure, resulting from similar climatic regimes for example: tropical rain forest.

Community: A set of populations found in the same place at the same time.

Ecosystem: all the organisms in a given area and the abiotic factors that affect them; for example, Lesser Slave Lake, the boreal forest at EINP.

Riparian: of a river bank, but applied broadly to the sides of rivers, streams, lakes and ponds.

Trophic level: a category based on the number of steps an organism's energy has passed through: primary producers, primary consumers, secondary consumers and so on.

Food chain: a sequence of organisms each of which consumes the preceding; for example: grass, zebra, lion.

Food web: the set of interconnecting food chains in an ecosystem.
