Capturing Energy from the Sun
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-The original source of energy is the sun

-All organisms consume some form of energy.  Some consume radiant energy directly from the sun (producers) and others must consume it in other forms (consumers).

-Radiant energy from the sun is captured and used to make food by green plants, algae, and some bacteria in a process called photosynthesis.

-Animals that feed on producers are called primary consumers.  They consume the chemical energy in the form of carbohydrate molecules.

-Animals that feed on primary consumers are called secondary consumers.

-In general, the energy passes through the ecosystem from species to species when herbivores eat plants and carnivores eat herbivores.

-These interactions form food chains (linear relationship) and food webs (complex links).

From Land to Mouth
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Land area required = _______Energy consumed/meal (kJ)_____



          Energy produced by organism (kJ/m2/year)

Average energy available from producers = __Total energy (kJ)__







# different producers

Average energy available from consumers = __Total energy (kJ)__







# different consumers

Energy available from producers = Average energy available from producers

compared to consumers 
        Average energy available from consumers

*answer is expressed as a factor (use “times”)*

Total energy needed/year = (# students)x(energy needed (kJ)/student/day)x(# days/year)

Land needed = 
     Total energy/year_________

Energy available from rice (kJ)/m2/year

Land needed = 
         Total energy/year__________

Energy available from chicken (kJ)/m2/year

Energy Flow in the Environment
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-In all food chains, the flow of energy begins with solar energy, trapped by plants during photosynthesis

-Only ~10% the energy in one trophic level passed on to the next trophies level

-This is due to some energy being lost at each level when organisms perform life functions (breathing, moving, and growth); up to 90% the energy can be lost

-This decrease in energy limits the length of any food chain to three or four lengths

-Food pyramids (pp.14-16) show the numbers, mass, and energy involved at each trophic level of a food chain

-Pyramid of numbers:

-Shows the number of organisms at each trophic level

-Good for studying populations

-Doesn’t show the amount of energy transferred

-Doesn’t show the amount of food consumed by the organisms

-ex. many bugs feed off one tree

-Pyramid of biomass:

-Shows the total mass of organisms at each trophic level

-Doesn’t show the amount of energy transferred

-ex. small mass of phytoplankton can provide energy for a larger mass of zooplankton because phytoplanktons reproduce faster

-Pyramid of energy:

-Shows the amount of energy available at each trophic level

Chapter One Key Terms
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-Ecosystem: all the interacting parts of a biological community

-Producers: green plants and some species of bacteria that photosynthesize, such as cyan bacteria

-Primary Consumer: first consuming organism in a food chain (herbivore or omnivore); occupies second trophic level

-Secondary Consumer: second consuming organism in a food chain (omnivore or carnivore); occupies third trophic level

-Trophic Level: feeding level of one or more organisms in a food chain (ex. producers, primary consumers, and secondary consumers)

-Detritivore: organism that consumes dead material and animal wastes, includes decomposers

-Decomposers: various bacteria and fungi that break down dead material and animal wastes and extract remaining nutrients

-Pyramid of Numbers: the concept that numbers of organisms decrease as they progress towards the top of a food chain

-Biomass: weight of living things, often expressed as dry weight of an organism, population, or community per unit area

-Pyramid of Biomass: the concept that the mass of all organisms in each trophic level decreases as they progress towards the top of a food chain 

-Pyramid of Energy:the concept that the energy in all organisms in each trophic level decreases as they progress towards the top of a food chain

-Carrying Capacity: the maximum number of organisms in a population that can survive on the resources available in an ecosystem

-Competition: the struggle among organisms for access to a limited resource, such as food or territory

-Intraspecific Competition: competition among individuals of the same species

-Interspecific Competition: competition among individuals of different species

-Population Density: the number of individuals in a given area or volume

-Density-Dependent Factors: variables that affect a population based on the degree of crowding within the population (ex. disease, food supply)

-Density-Independent Factors: variables that affect a population that are not based on the degree of crowding within the population (ex. floods, temperature)

-Productivity: the amount of plant growth within a given area within a given period of time; often expressed as biomass/area/time

-Biological Magnification: the process whereby substances (ex. toxic compounds, chemicals) collect in the bodies of organisms in progressively higher concentrations towards the top of a food chain

-Autotrophs: organisms that manufacture their own source of energy (producers)

-Heterotrophs: organisms that rely on other organisms as a source of food and energy (consumers)

Populations
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-The population size of each species in an ecosystem is continually changing through interactions with organisms that constitute their food supplies as well as the consumers that use it as food

-Changes in a population in one part of a food web affect populations in other parts of the web

-Carrying Capacity: the largest population of a species that an environment can support

-Factors affecting food supply: food supply, competition, predators

-Materials and Energy (Resources):

-All populations are ultimately limited by the amount of useable energy from the sun, as well as supply of water, carbon, and other necessary materials

-Food Chains:

-Population sizes at any trophic level are limited by population sizes at all levels below

-Populations are also limited by populations above them, which use them as food

-Competition:

-Organisms of the same species have the same needs

-Demand for resources results in competition

-Interspecific competition occurs between species

-Intraspecific competition occurs among members of the same species

-Density:

-Different species have different needs for space

-This can determine the population density (how many individuals can live in an area at one time)

-Types of factors affecting population:

-Density-dependent factors increase in significance as a population grows (ex. disease, aggravation, stress, and disease)

-Density-independent factors limit a population regardless of its size (ex. natural disasters, weather, and temperature)

Biological Magnification
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-Biocides: chemicals humans use to control unwanted pests (ex. pesticides and herbicides)

-Biocides kill the target organism, but if the target organism is eaten, the biocide ends up in the consumers in the next trophic level

-Unlike nutrients, biocides cannot be metabolized by the consumer, and accumulate in the body over time

-Bioconcentration: 

-DDT in birds of prey

-Mercury in rainbow trout and other fish

Food and Population Size
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-80% the world’s population eats mainly grain and vegetables

-As humans eat food at higher trophic levels, the amount of energy received from each km2 of field decreases (ex. humans get 2% the original energy available in 1 km2 grain and 0.2% the original energy available from cows that have consumed 1 km2 grain)

-Humans need to have more food from higher trophic levels than from lower trophic levels to meet their energy requirements)

-1925: human population was ~ two billion

-2000: human population was ~ six billion

-Increased population is due to sanitation and health care, increased food production, etc.

-Agriculture:

-The goal of agriculture is to produce short, simple food chains

-This often involves cultivation of a monoculture (single crop grown on a large area of land)

-In addition to humans, many insects, birds, and other organisms feed on crop plants

-Monocultures tend to encourage an increase in the numbers of these pests

-Typically, these pests reproduce rapidly

-Productivity: the average amounts of new plant biomass produced each year/unit area

-Productivity differs with each ecosystem

-Plant growth does not depend on sunlight alone.  Plants also need carbon dioxide and water to make carbohydrates, and nutrients such as nitrogen and phosphorus to grow

-Warm conditions allow plants to grow faster than cold conditions

-As a result of these conditions, the production of plant biomass varies between ecosystems

-Areas with low temperature and little water have the lowest productivity

The Carbon Cycle
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-Photosynthesis: During photosynthesis, producers take in oxygen (O2) from the atmosphere.  Carbon atoms (C) in are transferred to carbohydrates.

-6CO 2 +6H2O+energy (sun) CcH12O6 (glucose)+6O2(oxygen)

-Respiration: During respiration, aerobic organisms break down carbohydrates.  They release carbon dioxide (CO2) into the atmosphere and provide energy

- CcH12O6 (glucose)+6O2(oxygen) 6CO 2 +6H2O+energy (sun )

-Decay: During cellular respiration, decomposers break down, or decay, plant and animal materials.  CO2 is released into the atmosphere during this process.

-Combustion: During combustion of fossil fuels, (aka hydrocarbons), CO2 is released into the atmosphere

Ecosystems
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-An ecosystem is a community of organisms living together in association with the chemical and physical environment in which the organisms live.

-Ecosystems can be as large as the planet earth or as small as the tip of your finger

-Natural ecosystems are open systems, where energy and nutrients can flow in, out, and within them.

-Ecosystems are affected by a number of biotic and abiotic factors, regardless of their size:

-Biotic factors: Living factors, such as the organisms that live in an ecosystem or how they interact with each other

-Abiotic factors: Non-living factors, such as water, amount of sunlight, and amount of minerals

-There are hundreds of millions of known species on earth, and hundreds of millions more yet to be discovered.  Each of these organisms lives in a characteristic place, or habitat.

-Collectively, these organisms and their habitats make up the biosphere.

-The biosphere represents the area of land, air, and water that contains all living organisms on earth

-Collectively, all the ecosystems of earth make up the biosphere

-The distribution of organisms within the biosphere is highly dependent on a number of abiotic and biotic factors

-However, there are two abiotic factors that have the most influence:

-Climate: the long-term atmospheric conditions of a geological region

-Shaped by:  -Amount of solar radiation

-Movement of wind and water

-Major physical features on the earth’s surface

-Amount of solar radiation: the sun is the ultimate source of all energy on earth.  It drives:

-Air currents (winds)

-Ocean currents

-Nutrient cycles

-Metabolic processes needed for life

-Global distribution of ecosystems

-Movement of air and water:

-Global wind and water current patterns distribute heat energy across the globe

-Major geological features:

-Oceans: absorb and release heat more slowly than land, thus oceans and other large bodies of water moderate the climate

-Mountains: force warm air to rise and cool, resulting in precipitation

-The abiotic factor that has the largest impact is the amount of solar energy

Carbon Notes
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-Carbon is the backbone of all living things

-Carbon has a special ability to bond 

-Carbon’s organic compounds: C, H, and O

-Organic compounds are an energy source

-Smallest amount of carbon is found in CO2

-CO2 is found in the atmosphere and hydrosphere

-Producers unlock C from CO2

-Products of photosynthesis: 6O2 and C6H12O2\

-Fast track: atmosphere plantsanimalsatmosphere

-Slow tracks: Atmosphere organism dead organic matter sedimentfossil fuelsburning of fossil fuels: carbon released in atmosphere

Atmosphereshells sedimentmountain ranges

The Nitrogen Cycle
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-Carbon, oxygen, hydrogen, nitrogennitrogen is the fourth most common element found in organisms

-Nitrogen makes proteins and DNA

-Nitrogen moves between biotic and abiotic parts of the environment

-Nitrogen fixation: process in which nitrogen atoms are pulled from the air and bonded to other elements to make new compounds

-Although ~78% of the earth’s atmosphere is nitrogen, organisms cannot absord it directly from the air

-Fertilizer contains mostly nitrogen, phosphorus, and potassium

-Nitrogen fixation can form ammonium (NH4+) and nitrate (NH3-), which plants absorb through their roots

-Animals consume their nitrogen

-Nitrogen can be fixed by nitrogen-fixing bacteria, the most important one is rhizobia lives in the roots of legumes, such as peas, alp alpha, and clover)

-Before fertilizers, farmers planted legumes in their fields to restore the nitrogen content

-After fixing:

-Once in the plants and animals, the nitrogen compounds return to the soil and water through dead organisms and waste materials, where they can either re-enter the plants via the roots or nitrification can occur

-Nitrification and denitrification:

-If ammonia is not used directly by the plants, it converts back to nitrate by nitrifying bacteria (nitrification)

-the nutrients in the soil or water may then be converted back into N2 (nitrogen gas) by denitrifying bacteria (denitrification)

Human Impacts on the Nitrogen Cycle
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-Until the early 20th century, the supply of nitrates was determined by natural processes alone

-Most wild plant species are adapted to thrive in the low levels if nitrogen usually found in soil and water

-Once scientists developed a method to fix nitrogen, fertilizers were developed

-This enabled farmers to increase their crop yields

-By the end of the 20h century, the amount of nitrogen provided by fertilizers was over half the amount provided by micro-organisms

-Besides fertilizers, humans affect the nitrogen cycle by releasing nitrogen compounds into the air when fossil fuels are burned

-These compounds dissolve in the moisture and fall back to earth

-Human activities now move 140 million tonnes of extra nitrogen through the environment each year

-More nitrogen is being added to the environment than ecosystems can absorb and use

-Soil

-Excess nitrogen leaches from soil and washes into streams and rivers

-In forests: damaged tree roots, stunted tree growth, damaged maples and conifers

-All these effects are due to chemical changes in the soil that have increased acidity

-Atmosphere

-Nitric acid forms as a product of emissions and fertilizer use

-Causes acid precipitation

-Lakes become acidified (kills plants and animals)

-Acid hinders tree growth (limits uptake of essential nutrients from soil)

-Fresh-Water Ecosystems

-Eutrophication: build-up of nutrients in water

-Lakes become choked with rapid growth of algae and weeds (blocks sunlight from reaching lower levels of lakes: plants at lower level die)

-Decomposers break down the dead plants and use up oxygen in the process (further decreasing oxygen levels lower in the lake)

-Fish and other animals that depend on the regular oxygen levels of the lake die 

-Nitrates in drinking water can be harmful to health (affect blood’s ability to carry oxygen)

-Marine Ecosystems

-Algae bloom: explosion of algae in warm surface waters

-Algae die and sink to the bottom, where decomposers break them down

-The decomposition uses oxygen from the deeper, cooler water

-Lower levels near the sea floor contain little or no oxygen (animals depending on this oxygen die)

-Biodiversity

-Very high levels of nutrients lower biodiversity (benefit a few species, but harm the majority)

-If a few species are able to take advantage of the increased nutrients, then they become dominant (force other species to become rare)

Sustainability
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-Sustainability is the ability to meet the needs of the present generation without compromising the ability to meet needs of future generations

-Ecosystems are sustainable because they continually recycle nutrients (ie. carbon, nitrogen)

-Many human activities are not sustainable and depend on growth in population and consumption, due to the consumption of non-renewable and limited natural resources (infinite growth is not possible)

-Therefore, humans need to change the impact of their activities on the environment (sustainable development)

The Importance of Soil
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-Because the total amount of land is finite, increasing the amount of space occupied for one use causes a reduction in the amount of space available for other uses

-ex. “urban sprawl” increases the amount of space used for housing, shopping malls, industrial buildings, and highways (reduces the amount of farmland and natural ecosystems)

-Land is the part of the world that is not covered by oceans

-Soil is the layer of material that covers land and supports the growth of plants

-Spaces hold air and water

-Beneath the soil, we find innumerable small organisms (ex. earthworms, beetles, ants, bacteria)

-The activity of these organisms mix and rearrange soil particles and open up spaces in which air and water move

Succession
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-To succeed means to follow or replace

-Succession is the process that involves the gradual change of an ecosystem from one in which productivity is low to one in which productivity is as high as possible

-Succession is the change of an ecosystem from being simple to having more complex interactions

-Most ecosystems in Canada did not exist before about 10,000 years ago

-Trends in Succession:

- Low productivity high productivity

- Few interactions many complex interactions

-Pioneer species climax community

-Primary succession occurs when an ecosystem must start from scratch (ex. after glaciation)

-No soil

-No neighbouring communities

-No existing ecosystem

-Make soil (weathering of rock) action and environment set up by lichens first organisms in primary succession arrival of grasses and improvement of soil colonization by shrubs and trees, continued improvement of soil establishment of climax community  (timeline= a few thousand years)

-A climax community occurs when plants in a community produce a maximum amount of biomass for the environmental conditions of an area

-Biomes are geological areas determined by the climax plant species of huge ecosystems (ex. boreal coniferous, ocean, tundra, arctic, and tropical/temperate rainforests)

-Secondary succession occurs when a previously existing ecosystem is rebuilt

-Neighbouring species invade

-Soil already present

-May not start from scratch

-Typically seen after forest fires, after human impacts (mining, building, exploding, resource extracting, etc.), or after natural disasters

-Occurs more quickly than primary succession

-Climax community resembles that from before the disaster

- Succession and energy flow

-If many years go by without a disturbance, the biomass of an ecosystem accumulates

-After a certain number of years, the accumulation halts and a plateau of constant biomass is sustained by the climax community

Key Terms
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-Soil: the surface layer of the Earth that supports life

-Community: a group of different species of organisms that interact together (ex. community of soil of stream organisms)

-Succession: a change in the structure of a community of organisms; the replacement of existing species by more recently arriving species

-Pioneer organisms: organisms that can move onto a new area of land (ex. lichen, various weeds)

-Climax community: the last stage of succession in which communities of organisms are most complex (ex. a mature forest)

-Primary succession: succession that begins in an area of bare rock

-Secondary succession: succession that occurs in an area where a previous ecosystem existed (ex. arrival of plants and animals to an area burned by fire)

-Remediation: restoration of a disturbed or contaminated area of land to a natural state

-Phytoremediation: the use of plants that can accumulate toxic compounds in their tissues to clean soil of contamination

-Wetlands: seasonally or permanently water-covered areas of land (ex. lakes, rivers, estuaries, marshes, swamps, bogs)

Importance of Wetlands
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-Wetlands act as sponges, holding huge amounts of water and releasing it slowly over time, which helps to prevent flooding and erosion

-A wetland is a result of location and climate

-Wetlands help improve water quality by acting as filters (trapping suspended particles and some dissolved substances)

-Wetlands provide peat, which is used to improve soil (allows air and water to move through heavy clay soil, helps sandy soil retain water and nutrients, and raises pH)

-Wetlands act as breeding, feeding, and resting grounds for water fowl (birds)

-Wetlands are permanent habitats for a vast quantity of organisms (large biodiversity)

