ECOLOGY

The study of living things and their interactions with the environment Ecosphere Separation

The Ecosphere and it’s ecosystems can be separated into two parts

· Abiotic- nonliving components

· Ex: air, water, solar energy, elevation

· Physical and chemical factors that influence living organisms

· Biotic- living components 

· Ex: plants and animals

Levels of Organization

· Population 

Group of interacting individuals of the same species that occupy a specific area at the same time

· Genetic Diversity 

Populations that are dynamic groups that change in size, age distribution, density, and genetic composition as a result of changes in environmental conditions

· Habitat 
Place where a population or individual organism naturally lives

· Community 

Complex interacting network of plants, animals, and microorganisms

· Ecosystem 
Community of different species interacting with one another and with their nonliving environment of matter and energy

· Ecosphere or Biosphere 
All earth's ecosystems
Biomes – Large eco-regions characterized by distinct climate, soils and vegetation

  (Climate – Long-term weather; main factor determining Biome locations_
Life on the earth depends on three interconnected factors

1. One-way flow of high-quality energy from the sun

2. Cycling of matter or nutrients (all atoms, ions, or molecules needed for survival by living organisms), through all parts of the ecosphere

3. Gravity, which allows the planet to hold onto its atmosphere and causes the downward movement of chemicals in the matter cycles

Energy Flow

· About 28% of solar energy is reflected to space

· About 72% of total solar energy is absorbed by earth

1. Less than 1% is absorbed by plants to be used in photosynthesis

2. This energy powers almost ALL of earth’s life processes…

3. The Sun

· Fireball of hydrogen (72%) and helium (28%)

· Nuclear fusion reaction

· Sun has existed for 6 billion years

· Sun will exist for another c.6.5 billion years

· Next closest star is Proxima Centauri (4.22 light years from us)
Powers the cycling of matter & weather

· Distributes heat and water across Earth

· Second Law of Energy

Organisms need high quality chemical energy to move, grow and reproduce

· Life is energetically costly!

· When used to do work, chemical energy is converted into low-quality heat that flows out into environment and is LOST from the ecosystem…

TROPHIC LEVELS

· The Trophic Level of an organism represents its place in the food chain.

Levels are numbered according to how far particular organisms are along the chain from the primary producers at level 1, to herbivores (level 2), to carnivores (level 3), to top predators (level 4 or 5).

· The trophic pyramid of an ecosystem, either biomass or energy based, can tell you a lot about that ecosystem. 

Biomass & Energy

· Total amount of all organic matter at any level in a food chain = biomass
· This is the dry weight (not inc. H20)

· Biomass of producers is always greater than herbivores

· Biomass of herbivores is always greater than carnivores

· Biomass and energy decreases with each step up in a food chain – WHY IS THIS? 

     Pyramid of Biomass  Storage of biomass at various trophic levels of ecosystem
· Only between 5-20% (average=10%) of biomass/energy is passed on to the next trophic level
1. The other 90% is used for generating body heat, is passed through the organism undigested, or is used for life activities

2. Example:

· 27,000 pounds of alfalfa produces approx. 3,300 pounds of beef

· This 3,300 pounds of beef produces approx. 150 pounds of human tissue
Pyramid of Numbers Number of organisms at each trophic level

Pyramid of Energy

· Percentage of energy transferred from one trophic level to another.

· 10% ecological efficiency 

· 1,000,000 units of energy from sun

· 10,000 units available for green plants (photosynthesis)

· 1000 units for herbivores

· 100 units for primary carnivores

· 10 units for secondary carnivores

Food Chains & Webs

· Diagrams that show flow of energy from green plants to consumers

· Herbivores are Primary Consumers

· Carnivores which eat Herbivores are Secondary Consumers

· Carnivores which eat other Carnivores are Tertiary Consumers (and so-on…)

· Decomposers break down organic matter and return it to the ecosystem, so are usually placed last in the chain/web

     Producers

· Producers convert 1-5% of absorbed solar energy into chemical energy, which is stored in complex carbohydrates, lipids, proteins and nucleic acid in plant tissues

· Chemosynthesis

· Some Bacteria can convert simple compounds from their environment into more complex nutrient compounds, without sunlight

· Ex. Bacteria around deep sea thermal vents use H2S and heat to form simple carbohydrates

Consumers or Heterotrophs

· Obtain energy and nutrients by feeding on other organisms or their remains

· Primary Consumers

· Secondary Consumers

· Tertiary+ Consumers

  Scavengers
· Feed on dead organisms

· Vultures, flies, crows, shark

Detritivores 

· Feed on “detritus”

· Detritus: body parts of dead organisms and wastes of living organisms

· extract nutrients from partly decomposed organic matter, plant debris, and animal dung (YUM!)

Decomposers Fungi and bacteria break down and recycle organic materials from organisms’ wastes and from dead organisms  

· “Biodegradable” = can be broken down by decomposers

   Niche

· An organisms role / job in the ecosystem

· It’s “place” in the food web and range of requirements/needs

· Predator/prey

· Scavengers

· Decomposers

· Parasites/host

Niche Determination

· Nutrient Needs Dictate Niches 
· Nutrient = any atom, ion, or molecule an organism needs to live grow or reproduce

· Ex: carbon, oxygen, hydrogen, nitrogen… etc

· Macronutrient 
· nutrient that organisms need in large amounts

· Ex. nitrogen, sulfur, calcium, iron, etc

· Micronutrient 
· nutrients that organisms need in small amounts

· Ex: zinc, sodium, copper… etc

Limiting Factor Principle

· Too much or too little of any abiotic factor can limit growth of the population, even if all the other factors are at optimum (favorable) range of tolerance.

· Ex: If a farmer plants corn in phosphorus-poor soil, even if water & nitrogen are in optimum levels, the corn will stop growing, after it uses up available phosphorus.

Limits to Population Growth

· Carrying capacity

· Maximum size of population that can live within an ecosystem without damaging that ecosystem

· Ex. What is the carrying capacity of this classroom?

· Limiting Factors – Anything that restricts the growth of a population

Emigration

Food supply

Climate / Weather

Available Cover

Predation

Water

Mates

Disease

Population Density

Human Activity

Shade

Competition

Range of Tolerance

· Organisms have different tolerances for physical and chemical environmental variations

· Physiology health, and age differences

· Ex: trout has to live in colder water than bass

· Ex. different aged marine organisms may require different levels of salinity

Dissolved Oxygen Content An important limiting factor in aquatic ecosystems


Amount of oxygen gas dissolved in a given volume of water at a particular temperature and pressure.

Narrow vs. Wide

· Some organisms occupy a WIDE niche

· Generalists (can live in many different environments, and eat many things)

· Ex. Grey Fox (Arctic to Urban!)

· Some organisms occupy a NARROW niche

· Specialists (require a very narrow range of environmental conditions)

· Ex. Koala Bear (ONLY eats Eucalyptus leaves)

Gross Primary Productivity (GPP)

Rate at which producers convert solar energy into biomass in a given amount of time

Net Primary Productivity (NPP)

Studying Ecosystems

· FIELD  RESEARCH
· Going into nature and observing/measuring the structure of ecosystems
· Majority of what we know now comes from this type
· Disadvantage: expensive, time-consuming, and difficult to carry out experiments due to many variables
· LABORATORY RESEARCH
· Set up, observation, and measurement of model ecosystems under laboratory conditions 
· Conditions can easily be controlled, are quick and cheap
· Disadvantage: never certain whether or not result in a laboratory will be the same as a result in a complex, natural ecosystem
· SYSTEMS ANALYSIS
· Simulation of ecosystem rather than study real ecosystem
· Helps understand large and very complicated systems
Ecosystem Importance

· Ecosystem services include: 

· Controlling and moderating climate

· Providing and renewing air, water, soil

· Recycling vital nutrients through chemical cycling

· Providing renewable and nonrenewable energy sources and nonrenewable minerals

· Furnishing people with food, fiber, medicines, timber, and paper

· Pollinating crops and other plant species

· Absorbing, diluting, and detoxifying many pollutants and toxic chemicals

· Helping control populations of pests and disease organisms

· Slowing erosion and preventing flooding

· Providing biodiversity of genes and species

Why Is Biodiversity So Important? 

· Food, wood, fibers, energy, raw materials, industrial chemicals, medicines, …

· Provides for billions of dollars in the global economy

· Provides recycling, purification, and natural pest control

· Represents the millions of years of adaptation, and is raw material for future adaptations

· Two Principles of Global Ecosystem Sustainability

· Use renewable solar energy as energy source

· Efficiently recycle nutrients that organisms need for survival, growth, and reproduction 

Ecosytem Review

ECOSYSTEM ROLES

1.       Carnivore Eat other consumers

2.       Omnivore Eat consumers AND producers

3.       Scavenger Feed on dead organisms

4.       Producer Harness the sun’s energy to make food

5.       Herbivore Feed directly on producers

6.       Detritus Feeders Extract food from dead plants and animal wastes

7.       Decomposers Extract energy by converting organic material into simpler chemical compounds 

SPHERES OF THE EARTH

  Influenced by:     Abiotic Factors Nonliving components of the ecosystem (sun, water, air, chemical nutrients)

                                                   Biotic Factors Living components of ecosystem (plants, animals, microorganisms, etc.)

8.   Atmosphere The layer of air that hasn’t escaped Earth’s gravity

9.   Hydrosphere All that water in oceans, in streams, underground, in ice, and as water vapor (clouds and rain and 


humidity) in the atmosphere

10.   Biosphere: Where life is

11.   Lithosphere: Earth’s crust; abiotic support for the biosphere

       
BASIC ECOLOGICAL TERMS; The “Continuum of Life”

12.   Biotic Factors Living components of ecosystem; Examples include plants, animals, microorganisms, etc
13.   Cell Basic unit of life
14.   Abiotic Factors Nonliving components of the ecosystem; Examples include sun, water, air, chemical nutrients
15.   Eukaryote Cell with membrane bound organelles, nucleus
16.   Habitat Place where a population normally lives
17.   Ecotone Transitional boundary between ecosystems
18.   Biome Area of earth classified by distinct climate and specific lifeforms
19.   Prokaryote Cell without membrane bound organelles
20.   Community Populations of different species that occupy a particular place
21.   Biodiversity The number of different organisms existing in an area
22.   Population Group of interacting individuals of the same species
23.   Organism Any form of life
24.   Ecology The study of the interactions between organisms and their environment; Study of connections in the biosphere

25.   Species: group of organisms that can interbreed and produce fertile offspring
26.   Ecosystem: All the biotic and abiotic factors that make up a community of different species.
27.   Niche: Role of an organism in its ecosystem
28.   Aerobic Respiration: glucose + oxygen ( carbon dioxide + water + energy

29.   Photosynthesis: carbon dioxide + water + solar energy ( glucose + oxygen

30.   Heterotrophs: organisms that get their food from feeding on other organisms or their remains

31.   Autotrophs: Organisms that make their own food from compounds obtained in their environment
EVOLUTION

34.   Mutation: random change in genes of individual (and thus gene pool)

35.   Gene flow: Exchange of genes when migrating individuals interbreed with a new population

36.   Genetic drift: Individuals from population get “isolated” from main group-genes change (and can change) due to “separation”

37.   Natural selection: Survival of the fittest-only those that survive and reproduce pass on their genes (fittest can mean many things)

38.   Gene pool: collection of genes in a population.

39.   Evolution occurs in populations
40.   Adaptation: Trait that can be inherited that helps an organism to better survive and reproduce

SPECIES INTERACTIONS

41.   Symbiosis: Long lasting relationship between species.

	Interaction
	Relationship

	Competition
	(- -) both are harmed  

	Cooperation
	(+ +) both benefit but neither is dependent on the other.

	Mutualism
	(+ +) both benefit AND are dependent on one another.

	Commensalism
	(+ 0) one benefits but the other is not affected

	Amensalism
	(0 -) one inhibits the growth of the other but is not affected itself.

	Predation
	(+ -) one benefits and the other is harmed Predator : Prey

	Parasitism
	(+ -) one benefits and the other is harmed. Parasite : Host

	Herbivory
	(+ -) one benefits and the other is harmed. Herbivore : Producer


 Examples/ Classify each of the following species interactions:

42.   Herbivory: A cow eats grass.  Moo.

43.   Commensalism: Spanish moss hangs off of trees, drawing nutrients and water from the air for photosynthesis and growth.  The tree is not harmed.

44.   Commensalism: The remora (a sucker fish) lives in close association with sharks or other larger fish. The remora’s dorsal fin has been modified into a non-damaging sucker used to attach to the shark.  The remora uses the shark’s protection and eats scraps of the sharks prey.  

45.   Cooperation (perhaps mutualism) Clownfish, which have developed a resistance to the stinging tentacles of sea anemones.  When clownfish eat their food, bits of it are available to the anemones.

46.   Mutualism: Species of protozoa live in the guts of termites help termites to digest wood.

47.   Predation: Mr. Fun (the dog) kills a muskrat and happily devours it.

48.   Mutualism: Fungi called mycorrhizae live on the roots of plants, helping the roots to extracts nutrients and water 

from soil.

49.   Amensalism: Elephants trod over grasses and underbrush as they walk through an area.

TYPES OF SPECIES

50.   Keystone species: species whose removal would effect many other species in the ecosystem.  
51.   Indicator species: species whose population/status serves as a measure of ecosystem health
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