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UNIT 3   AP  ENVIRONMENTAL
ECOSYSTEMS AND BIOCHEMICAL
CYCLES (Ted Wolves change  a river) 
(salmon article, hypoxic gulf article, love canal article, apes in a box)
Biodiversity lab : berlese funnels 
Chapter Overview Questions
· What is ecology? 

· What basic processes keep us and other organisms alive?

· What are the major components of an ecosystem?

· What happens to energy in an ecosystem?

· What are soils and how are they formed?

· What happens to matter in an ecosystem?

· How do scientists study ecosystems?

What is Ecology?

The study of connections in nature
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What are the major components of an ecosystem? 

Biotic and abiotic factors 
Organism:   


Any life form  

Species: 


Groups of organisms that are similar in appearance, 


chemistry, and genetic makeup.   They are able to 


interbreed to have viable offspring.
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· Multitudes of tiny microbes such as bacteria, protozoa, fungi, and yeast help keep us alive.

· Harmful microbes are the minority.

· Soil bacteria convert nitrogen gas to a usable form for plants.  (rhizobium ) ( On legumes)
· They help produce foods (bread, cheese, yogurt, beer, wine).

· Microbes make up 90% of all biomass on earth this is mostly due to zooplankton and phytoplankton in the ocean. 
· Helps purify water, provide oxygen, breakdown waste.

· Lives beneficially in your body (intestines, nose).
(mutualism) 
Populations, Communities, and Ecosystems
· Members of a species interact in groups called populations.

· Populations of different species living and interacting in an area form a community.

· A community interacting with its physical environment of matter and energy is an ecosystem.

· The space an individual or population normally occupies is its habitat.

· Genetic diversity 

· In most natural populations individuals vary slightly in their genetic makeup.

THE EARTH’S LIFE SUPPORT SYSTEMS
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· The biosphere consists of several physical layers that contain:

· Air

· Water

· Soil

· Minerals 

· Life

Biosphere includes the following:

· Atmosphere

· Membrane of air around the planet.

· Stratosphere

· Lower portion contains ozone to filter out most of the sun’s harmful UV radiation.

· Hydrosphere

· All the earth’s water: liquid, ice, water vapor

· Lithosphere

*The earth’s crust and upper mantle.

Solar energy, the cycling of matter, and gravity sustain the earth’s life.
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Carbon cycle    
Phosphorus cycle

Nitrogen cycle

Water cycle ( hydrological) 
Oxygen cycle
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ECOSYSTEMS:

An ecosystem is a system formed by the interaction

 of  the organisms with the physical environment. 


(Biotic and abiotic factors)



-Ecosystems are further described as different 



  biomes (terrestrial) or   (Aquatic)freshwater 

  and marine life zones. 

Ecosystem components:

Non-living: abiotic components
1. Water:   precipitation

2. Temperature

3. Air

4. Soil 

Living :  biotic  components 

1 .  Producers


2.   Consumers
3.   decomposers:  detritus feeders (Detritivores)
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Niche:  role in the community: ( predator:prey) 

Habitat:  home where they live.
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Carrying capacity: 


The number of individuals of a particular species that an ecosystem can support w/o a loss in resources.

( thus sustainable environment) 
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Limiting factors:  


Those factors that limit the number of 



individuals in a population.  Both abiotic and 



biotic  

Range of tolerance:  


The range within a specific limiting factor that

 organisms can live 


Optimum range:  


The point in the range of tolerance that is most

 beneficial for the population growth.
Zones of Stress :   


Areas w/in the Range of tolerance , on the edge

 where the population is decreasing.  
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Limiting factor principle: 



-Too much or too little of any abiotic  factor can

 limit or prevent growth of a population, even if 

all other factors are at or near the optimum

 range.  (ex. Too little rain,  too much rain)
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Life exists on land systems called biomes and in freshwater and ocean aquatic life zones.
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Biomes are defined by their biotic and  abiotic characteristics 
1. Deserts: defined by rainfall 
2. Coniferous forests

3. Prairie grassland

4. Chaparral and scrub lands

5. Decidous forests 

6. Steppe  (high plains central asia)

7. Savannah  ( Africa)

8. Tundra 
Temperate  vs  Tropical vs arctic  regions
Defined by  latitude: 
So tropical  desert  

temperate desert 

arctic  desert : Antarctica ( largest) 
BIODIVERSITY:

Biodiversity  is a renewable resource :

Includes   variety of genes, species, ecosystems

 and ecosystem processes.

Biodiversity is being lost worldwide 

Loss of Biodiversity:  H.I.P.P.O.


H: Habitat destruction ( #1 reason for loss of

 biodiversity)



I:  Invasive species:  deliberately or 




accidental introduction  second most 




important reason for biodiversity loss.



P:  Pollution



P:  Population growth:  human pop.



O:   over exploitation  ( over consumption: 





over hunting)  ie. Ivory trade





overconsumption of resources 
ENERGY FLOW AND MATTER RECYCLING

An ecosystem survives by a combination of energy flow and matter recycling.  

-Organisms survive by a one-way flow of matter &

 
energy through their body. (2nd law of Therm)

-Ecosystems survive by  a combination of matter  



recycling and one way flow of energy.
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Trophic levels:   Autotrophs, heterotrophs
Producers-( Primary consumers-( 2ndary consumers 

Energy moves through the trophic levels: approximately  10% utilized  (10% rule)

Photosynthesis: 
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Chemosynthesis: (Extremophiles) Archaebacteria
Some organisms such as deep ocean bacteria draw energy from hydrothermal vents and produce carbohydrates from hydrogen sulfide (H2S) gas .
6CO2 + 6H2O + 3H2S → C6H12O6 + 3H2SO4
Primary productivity :  How much organic matter  is assimilated into  biomass. 
Carbon cycle : 
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* In the atmosphere, CO2 is 99.6% of the total (i.e., the amount of CH4 is small).



Major reservoirs for carbon :  
1. Ocean  largest ,  80%
 2. biosphere,Lithosphere 18%
3.  atmosphere  1.5%
	



	Figure 2 (select image for larger version - GIF, 65KB)


(peta=  1 X 1015)
Ocean acidification is the name given to the ongoing decrease in the pH and increase in acidity of the Earth's oceans, caused by the uptake of anthropogenic carbon dioxide (CO2) from the atmosphere. Generally speaking, when the carbon molecules in the air above seawater increase by four molecules, one will diffuse into seawater. About a quarter of the carbon dioxide in the atmosphere goes into the sea. As the amount of carbon rose in the atmosphere there was a corresponding rise of carbon going into the ocean.   (More  CO2   + H2O ----(  H2CO3 (carbonic acid)
Nitrogen Cycle: 

Plants must secure nitrogen in a “fixed” form 
In three possible ways

   1. Nitrate 
NO3-1  

   2. Ammonia 
NH3  

   3.  Urea   
(NH2)2CO 




Major reservoirs for nitrogen : 79% atmosphere
Nitrogen fixation:  (3 kinds)
N2 + 8H+ + 8e− + 16 ATP → 2NH3 + H2 + 16ADP + 16 Pi

Biological :  ( 70%)
Conversion of atmospheric nitrogen  gas N2  

into useful forms  for plants, bacteria

 & cyanobacteria. 

Symbiotic mutualism: rhizobium bacteria:


Legumes: peas, lentils, clover 

	[image: image21.jpg]




	Rhizobium   



Industrial:   atmospheric nitrogen and Hydrogen

 form   ammonia through certain high

 temp processes   approx: 20% 

Atmospheric:  by lightning   5-8 % 
Denitrification: 


Reduces nitrates to nitrogen gas 




NO3-1   ------(  N2  


Anaerobic bacteria ( denitrify nitrates ) 
Nitrification:

Ammonia is converted into nitrite and nitrates by

 bacteria.   NH3 ---( NO2-   -----(  NO3-
                                                                     Nitrosomonas
              Nitrobacter





  Bacteria

  bacteria
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Ammonification:


microbial conversion of organic-nitrogen into 
ammonia (NH3) or ammonium (NH 4 +).
Decomposers break down organic into NH3 & NH4+
Nitrogen Assimilation:   plants that can’t fix their own nitrogen take up nitrogen by this method.


Nitrates--( nitrite-(  ammonia -( amines 
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N2----( NH3  or NH4+ --( NO2   to    NO3-   --(  N2 ( Denitrifying b)
Nitrogen fixing Bacteria


Nitrifying bacter ia 










Assimilation by plants







Into proteins and other NH2  compounds
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PHOSPHORUS CYCLE: 


Phosphorus moves through the lithosphere, hydrosphere and biosphere by not the atmosphere

Chemicals :   

1. Phosphate:  PO4-3    





Important component of DNA and 





Cell membranes




Pollution:  

    Excess: found in detergents(excess PO4-3)  
 






Ends up in water supply. 




Reduction:  




     Removal by mining for fertilizer,




     Clear cutting : soils become depleted of P


[image: image27.png]Phosphates
in rock

Phosphates
Phosphates ool
solution . !
(inorganic)

Plants

Animals

Detritus

Decomposition

Precipitated
Rock
<= (solid) phosphates

Detritivores
in soil

Copyight © 2003 Paarson Educsion, n., pubishing 8 Beramin Cummings.




Leaching: refers to the loss of water-soluble plant nutrients  and other minerals from the soil, due to rain , flooding or over irrigating. 
Leaching is an environmental concern when it contributes to groundwater contamination.   As water from rain, flooding, or other sources seeps into the ground, it can dissolve chemicals and carry them into the underground water supply. Of particular concern are hazardous waste dumps and landfills, and, in agriculture, excess fertilizer and improperly stored animal manure.  

Phosphorus can be a limiting factor for plant growth. 
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Hydrological cycle:  (water cycle) 

Reserviors:   



97% in oceans



2% in ice caps , glaciers


1%  all rivers, atmosphere, lakes etc. 

Sublimation

Precipitation

Transpiration

Evaporation 

OXYGEN CYCLE: 


The largest reservoir of Earths oxygen is within the silicate and oxide minerals of the crust and mantle (99.5%). Only a small portion has been released as free oxygen to the biosphere (0.01%) and atmosphere (0.36%).
The main source of atmospheric oxygen is photosynthesis, which produces sugars and oxygen from carbon dioxide and water:

6CO2 + 6H2O + energy → C6H12O6 + 6O2 
50% of the earth’s crust is oxygen

80% of the earth’s core is iron
Sulfur Cycle:   

2 natural sulfur forms   

1.   SO4-2   in soil and water

2.  H2S  from bacteria, hot vents and volcanoes
Anthropogenic :

1.  Sulfur dioxide  SO2  (coal fired plants)

2.  Sulfates :  SO4-2   detergents 
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Large  reservoir of sulfur in the soil and rock 

( lithosphere)  

( small in the atmosphere : SO2  coalburning ) 

 H2S  volcanic 
Net Primary Productivity :  (NPP) is the rate at which producers  use photosynthesis to store energy minus the rate at which they use some of the stored energy through aerobic respiration.  
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NPP= GPP-R  

R is energy used in respiration 

NPP measures how fast producers can provide the 

food needed by other organism in an ecosystem. 

Aerobic and Anaerobic Respiration: Getting Energy for Survival
1. Aerobic Respiration:  The conversion of organic matter into energy with the use of  oxygen.

(Opposite reaction to photosynthesis) 



End products are CO2  + H2O  + energy

C6H12O6    +  O2  ---(  CO2  + H2O  + energy
2. Anaerobic respiration or fermentation:
-Some decomposers get energy by breaking down glucose (or other organic compounds) in the absence of oxygen.

-The end products vary based on the 
   chemical reaction:

· Methane gas  CH4
· Ethyl alcohol      C2H6O  (ethanol) 
· Acetic acid   (vinegar)   HC2H3O2
· Hydrogen sulfide   H2S
Soil Science:

Soil

 is a slowly renewed resource that provides most 

 of the nutrients needed for plant  growth and also 

helps to purify water. 



HUMAN IMPACT ON EACH OF THE  BIOGEOCHEMICAL CYCLES   (CHONPS)
1. Hydrological   ( Water)
a. Withdrawing large amounts of freshwater.

b. Clearing vegetation and eroding soils.

c. Polluting surface and underground water.

d. Contributing to climate change.
2.   Carbon Cycle : 
a.   adding excess CO2 to the atmosphere through:

i. Burning fossil fuels.

ii. Clearing vegetation faster than it is replaced.
iii. Excess methane CH4 from cattle

3. Nitrogen Cycle: (key component of proteins DNA)
a. Adding gases that contribute to acid rain.

b. Adding nitrous oxide to the atmosphere which can warm the atmosphere and deplete ozone.

c. Contaminating ground water from nitrate ions in inorganic fertilizers  and improper sewage treatment.
Causes eutrophication which leads to oxygen depleted zones (hypoxia )  ( large hypoxic area in Gulf of Mexico) 
d. Releasing nitrogen into the troposphere through deforestation.
4. Sulfur Cycle:  ( component of proteins)
a. Burning coal and oil  adds sulfur dioxide to atmosphere 

b. Producing metals from ores can add SO2 to atmosphere 

c. Acid Rain  H2SO4 due to  H2O  + SO2
d.  Addition of sulfates SO4-2 to water from industrial waste (byproducts ) 
e.  Sulfur dioxide released in air by auto exhausts 
LD50       :  Stands for lethal dose 50 .  This is  the dose of a toxin, chemical , or compound that will kill half of a population of any organism.  It can be used to measure the effectiveness of an antibiotic on a bacteria.

Example    .05g of ampicillin kills half of the colonies 




of  Streptococcus aureus bacteria

Note:  The smaller the LD50  the stronger and more lethal the   substance 
