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Environmental Systems and Societies
Course Syllabus
Topic 1: Systems and models

TOK: How does a systems approach compare to the reductionist approach of conventional science
	1.1.1
	Outline the concept and characteristics of systems
	
	

	1.1.2
	Apply the systems concept on a range of scales
	Local ecosystem, biomes, and Gaia
	Sierra Nevada Food Web

	1.1.3
	Define the terms open system, closed system and isolated system
	Open- matter and energy, ecosystems
Closed- energy, biogeochemical cycles

Isolated- neither
	Tragedy of the Commons

	1.1.4
	1st and 2nd law of thermodynamics
	
	

	1.1.5
	Nature of equilibria
	Steady-state equilibrium- common property of most open systems
Static equilibrium- a condition to which natural systems are compared to, systems undergo long term change, succession
	

	1.1.6
	Feedback loops
	Self regulation of nature achieves equilibrium by feedback systems.
Negative feedback- counteracts change (deviation) predator-prey

Positive feedback- accelerates deviation, exponential growth
	

	1.1.7
	Transfer and Transformation
	Transfer- flows through a system involves change in location, run-off
Transformation-interaction within a system in the formation of a new end product or change of state, evaporation
	Watershed Activity

	1.1.8
	Distinguish between flows (inputs and outputs) and storages (stock or sinks) in relation to systems
	Input to throughput to output
	

	1.1.9
	Construct and analyze quantitative models involving flows and storages in a system
	
	

	1.1.10
	Evaluate the strengths and limitations of models
	
	Ecocolumn Lab


Topic 2:  The Ecosystem

TOK: How does the role of instrumentation circumvent the limitations of perception?  Many Environmental investigations and measurements are not as precise as physics, how does this affect the understanding of the environment?

	
	2.1 Structure
	
	

	2.1.1
	Distinguish between biotic and abiotic
	
	

	2.1.3
	Identify and explain trophic levels in food chains and food webs
	Producers

Primary, secondary, tertiary consumers

Decomposers
	Sierra Nevada Food Web

	2.1.4
	Pyramid of numbers

Pyramid of biomass

Pyramid of productivity 
	Ecological efficiency
	

	2.1.5
	Discuss how pyramid structure affects the functioning of an ecosystem
	Biomagnification

Bioaccumulation
	Antibacterial Soap Reading

	2.1.6
	Define species, population, niche, community
	
	

	2.1.7
	Describe and explain population interactions using examples of named species
	Competition

Parasitism

Mutualism

Predation

Balanced herbivory
	Bird Beak Lab

Predator Prey Lab

	
	2.2 Measuring Abiotic components of the system
	
	

	2.2.1
	List the significant abiotic sources in an ecosystem
	
	

	2.2.2
	Describe and evaluate methods for measuring at least three abiotic factors
	
	Field Study

	
	2.3 Measuring Biotic components of the system
	
	

	2.3.1
	Construct simple keys, use published keys for identification of organisms
	
	Dichotomous Key Activity

	2.3.2
	Describe and evaluate methods for estimating abundance of organisms
	Capture-mark-release-recapture (Lincoln Index)

Quadrants for measuring population density, population frequency, and percentage cover
	Tag Release Lab

Field Study

	2.3.3
	Describe ways to measure biomass
	
	

	2.3.4
	Define diversity
	
	

	2.3.5
	Apply Simpson’s Diversity Index
	Be able to apply formula
	

	
	2.4 Biomes
	
	

	2.4.1
	Define biome
	
	

	2.4.2
	Explain distribution, structure, and relative productivity of biomes
	Refer to prevailing climate and other limiting factors
	NPP of various biomes
Biome presentation

	
	2.5 Function
	
	

	2.5.1
	Explain role of producers, consumers, and decomposers
	
	

	2.5.2
	Describe photosynthesis and respiration in terms of inputs, outputs, and energy transformations
	Cycle of life
Photosynthesis and respiration equations
	

	2.5.3
	Explain transfer and transformation of energy as it flows thru system
	Solar energy balance
Ecological efficiency


	

	2.5.4
	Describe and explain the transfer and transformation of materials as they cycle through the ecosystem
	Carbon Cycle

Nitrogen Cycle
Water Cycle

Construct and analyze diagrams
	Biogeochemical worksheet

	2.5.5
	Define gross productivity, net productivity, primary productivity,  and secondary productivity
	Productivity is production per unit time
	NPP per unit area and overall graphs

	2.5.6
	Calculate GPP and NPP from data
	NPP = GPP - R
	

	2.5.7
	Calculate GSP and NSP from data
	NSP = GSP – R
GSP= food eaten- fecal loss

Assimilation is sometimes used instead of secondary productivity
	

	
	2.6 Changes
	
	

	2.6.1
	Explain limiting factors and carrying capacity in context of pop growth
	
	

	2.6.2
	Describe and explain S and J curves
	
	

	2.6.3
	Describe the role of density-dependent and density-independent factors and internal and external factors in the regulation of population
	Density-dependent act as negative feedback mechanisms
	

	2.6.4
	Understand survivorship curves in reference to r and K strategist
	
	

	2.6.5
	Succession

	Primary succession and pioneer communities
Secondary succession

Fire succession
	

	2.6.6
	Explain changes in energy flow, gross productivity, net productivity, diversity, and mineral cycling as it refers to different stages of succession
	In early stages GP is low, NP is high, diversity low, system is growing and biomass is accumulating
	

	2.6.7
	Describe factors affecting the nature of climax communities
	Human factors affect the ability to form climax communities
	

	
	2.7 Measuring changes in the system
	
	

	2.7.1
	Describe and evaluate methods for measuring abiotic and biotic components of an ecosystem 
	
	

	2.7.2

IB History
	Describe and evaluate methods for measuring abiotic and biotic components of an ecosystem due to  human activity
	Human impacts such as toxins from mining, eutrophication, oil spills
	Duckweed lab

	2.7.3  

    IB History
	Describe and evaluate the use of EIA environmental impact assessments
	
	Merced river EIR


Topic 3: Human Population,carrying capacity and resource use
TOK:  What do the models of “natural capital/income” and the “ecological footprint” add to the concepts of resources and carrying capacity?
	
	3.1 Population Dynamics
	
	

	3.1.1
	Describe the growth of the human population
	
	

	3.1.2
	Calculate CBR, CDR, doubling time, natural increase rate
	
	Rule of 70 worksheet

	3.1.3
IB History
	Analyze age structure diagrams and demographic transition
	MEDC- more economically developed country
LEDC- less economically developed country
	Age structure diagram worksheet

	3.1.4
	Discuss the role of models in predicting the growth of human population
	Computer simulations
	

	
	3.2 Resources-natural capital
	
	

	3.2.1
IB History
	Explain the concept of resources in terms of natural income
	Natural capital sustainably manage is considered wealth
	

	3.2.2
	Define renewable, replenishable, and non-renewable
	Replenishable- ozone layer, groundwater
	

	3.2.3
IB History
	Dynamic nature of the concept of a resource
	How cultural, economic,  technological affect status of a resource over time
	Mining Activity

	3.2.4
IB History
	Environment has intrinsic value
	Aesthetic value
Ecotourism
	TOK: How do we quantify what is qualitative?

	3.2.5
IB History
	Explain the concept of sustainability in terms of natural capital and natural income
	Sustainability means living, within the means of nature, on the “interest” or sustainable income generated by natural capital
	

	3.2.6
IB History
	Discuss concept of sustainable development
	Consider the development of changing attitudes to sustainability and economic growth, since the Rio Earth Summit (1992) leaving to Agenda 21
	

	3.2.7
	Calculate and explain sustainable yield from given data
	See equation page 27 
	

	
	3.3 Energy resources
	
	

	3.3.1
	Outline range of energy resources
 
	
	

	3.3.2
	Evaluate advantages and disadvantages of two contrasting energy resources
	
	Energy presentations

	3.3.3
IB History
	Discuss factors that affect the choice of energy sources adopted by different societies

	Economic, cultural, environmental, technological
	

	
	3.4 The soil system
	
	

	3.4.1
	Outline how soil systems integrate aspects of living systems
	Systems approach 
Soil profile
	

	3.4.2
	Compare and contrast the structure and properties of sand, clay, and loam soils, including affect on primary productivity
	Mineral content, drainage, water-holding capacity, air spaces, 
	Soil Lab

	3.4.3
IB History
	Processes and consequences of soil degradation
	Overgrazing, deforestation, irrigation,
	

	3.4.4
	Soil conservation measures

	Lime, wind breaks, cultivation techniques
	

	3.4.5
	Evaluate soil management strategies in a commercial farming system compared to a subsistence farming system
	
	

	
	3.5 Food resources
	
	

	3.5.1
IB History
	Outline issues involved in the imbalance in global food supply
	Differences in food production and distribution around world, including socio-political
	

	3.5.2
	Compare and contrast terrestrial vs. aquatic food production systems
	Terrestrial is harvested at lower trophic levels
Aquatic is harvested at higher trophic levels
	

	3.5.3
IB History
	Compare and contrast the energy efficiency and environmental impacts for two food production systems
	See pg 30
	

	3.5.4
IB History
	Discuss the link that exist between social systems and food production systems
	
	

	
	3.6 Water resources
	
	

	3.6.1
	Describe the Earth’s water budget
	
	Demonstration

	3.6.2
IB History
	Describe and evaluate the sustainability of freshwater resource usage with reference to case study

	
	Owens Valley
LA aqueduct

	
	3.7 Limits to growth
	
	

	3.7.1
IB History
	Explain difficulty of applying carrying capacity to human population
	
	

	3.7.2
IB History
	Explain how absolute reductions in energy and material use, reuse, and recycling can affect human carrying capacity
	Human carrying capacity is determined by the rate of energy and material consumption, the level of pollution and the extent of human interference in global life support systems.
	

	
	3.8 Environmental demands of human populations
	
	

	3.8.1
	Explain ecological footprint
	Quantitative estimate of human carrying capacity
	

	3.8.2
	Calculate ecological footprint with given data
	Figure 3 and 4 page 33
	Ecological footprint worksheet

	3.8.3
IB History
	Differentiate between the ecological footprint of a LEDC and a MEDC
	
	

	3.8.4
IB History
	Discuss how international development policies and cultural influences can affect population growth
	Social modernization
	

	3.8.5
IB History
	Explain relationship between population resource consumption and technological development, and their influence on carrying capacity and material economic growth
	
	


Topic 4: Conservation and biodiversity
TOK: Debates concerning the moral justification for exploiting species and the moral imperative for conserving them.  

	
	4.1 Biodiversity
	
	

	4.1.1
	Define biodiversity, genetic diversity, species diversity, and habitat diversity
	
	

	4.1.2
	Outline natural selection as a driving force for speciation
	
	Theory of Island Biogeography

	4.1.3
	Isolation can lead to speciation
	
	

	4.1.4
	Explain how plate activity has influenced evolution and biodiversity
	Plate activity generates new and diverse habitats
	Plate Tectonics worksheet

	4.1.5
	Explain the relationship between ecosystem stability, diversity, succession, and habitat
	Diversity changes through succession, greater habitat diversity leads to greater species and genetic diversity, 

How human activities often simplify ecosystems
	

	
	4.2 Evaluating biodiversity and vulnerability
	
	

	4.2.1
	Identify factors that lead to loss of biodiversity
	Habitat degradation, fragmentation
Introduced species

Monoculture, pollution
	

	4.2.2
IB History
	Discuss perceived vulnerability of tropical rainforests and their relative value in contributing to global biodiversity
	Consider vulnerability of other systems, the rainforest and “green politics”
	

	4.2.3
	Discuss past mass extinctions and potential for current 6th mass extinction
	Fossil evidence of past 5 mass extinctions
	

	4.2.4
	Describe the factors that may make species more or less prone to extinction
	Degree of specialization
Reproductive potential and behavior

Trophic level
	

	4.2.5
	Outline the factors used to determine a species’ Red List conservation status
	Red List classification system
	

	4.2.6
	Describe the case histories of three different species one that has become extinct, another that is critically endangered, and a third species whose status has been improved by intervention
	
	Species biodiversity and vulnerability worksheet

	4.2.7
IB History
	Describe the case history of a natural area of biological significance that is threatened by human activity

	Know the ecological, socio-political and economic pressures that are threatening the area
	San Mateo Watershed

	
	4.3 Conservation of biodiversity
	
	

	4.3.1
	State the arguments for preserving species and habitats
	Arguments based on ethical, aesthetic, genetic resource and commercial considerations
	

	4.3.2
IB History
	Compare and contrast the role and activities of intergovernmental and non-governmental organizations in preserving and restoring ecosystems and biodiversity
	
	

	4.3.3
	State and explain the criteria used to design protected areas
	
	Theory of Island Biogeography

	4.3.4
	Evaluate the success of a names protected area
	
	Laguna Coast Wilderness

	4.3.5
	Discuss and evaluate the strengths and weaknesses of the species-based approach to conservation
	Consider the following:
CITIES

Captive breeding and reintroduction

Aesthetic vs. ecological value
	


Topic 5: Pollution management
TOK:  Most cases of non-point pollution exemplify “tragedy of the commons”; those who do not pollute suffer the consequences of the pollution.  This conundrum leads to moral and utilitarian approaches to ethics that address this issue, the role of international legislation compared to increasing public awareness in tackling this problem could be seen as a parallel debate.  That is, is a system of rules, or appealing to the general good, the most effective way forward?  
	
	5.1 Nature of Pollution
	
	

	5.1.1
	Define pollution
	
	

	5.1.2
	Distinguish between point source and non-point source pollution, discuss challenges for management
	Point source more easily managed, impacts are localized
	

	5.1.3
	State the major sources of pollution
	Combustion of fossil fuels
Domestic and industrial waste

Manufacturing and agricultural systems
	

	
	5.2 Detection and monitoring of pollution
	
	

	5.2.1
	Describe two direct methods of monitoring pollution

	One method for air, soil, water
	

	5.2.2
	Define BOD biochemical oxygen demand, and how it is used to assess pollution in water
	
	

	5.2.3
	Describe an indirect method of measuring pollution levels using a biotic index.
	Oxygen sag curve and indicator species of each zone
	

	
	5.3 Approaches to pollution management
	
	

	5.3.1
	Outline approaches to pollution management with respect to figure 5
	Figure 5 page 40
	

	5.3.2
IB History
	Discuss the human factors that affect the approaches to pollution management
	
	

	5.3.3
IB History
	Evaluate  the costs and benefits to society of the world health’s organization ban on the use of DDT
	
	

	
	5.4 Eutrophication
	
	

	5.4.1
	Outline the process of eutrophication
	Role of positive feedback should be noted
	

	5.4.2
	Evaluate the impacts 
	
	

	5.4.3
	Evaluate pollution management strategies with respect to eutrophication
	Refer to figure 5
	

	
	5.5 Solid domestic waste
	
	

	5.5.1
	Outline types of waste solid domestic
	Consider your own and our community, different types
	

	5.5.2
	Evaluate pollution management strategies for MSW
	Recycling, incineration, composting
	

	
	5.6 Depletion of stratospheric ozone
	
	

	5.6.1
	Outline the structure and composition of the atmosphere
	
	

	5.6.2
	Describe the role of ozone in the absorption of ozone
	
	Ozone worksheet

	5.6.3
	Explain the interaction between ozone and halogenated organic gases
	
	

	5.6.4
	State the effects of ultraviolet radiation on living tissues and biological productivity
	Mutation and damage to photosynthetic organisms, especially phytoplankton
	

	5.6.5
	Describe three methods of reducing the manufacture and release of ozone-depleting substances.
	Recycling refrigerants, alternative propellants, alternatives to methyl bromide
	

	5.6.6
IB History
	Evaluate the role of national and international organizations in reducing the emission of ozone-depleting substances
	UNEP
Montreal protocol

Steps taken to comply
	

	
	5.7 Urban air pollution
	
	

	5.7.1
	State the source and outline effect of tropospheric ozone
	Secondary pollutant
	Clean air challenge

	5.7.2
	Formation of photochemical smog
	Where it occurs and why
	

	5.7.3
	Evaluate pollution management strategies for urban air pollution
	Catalytic converters
Reduce demand for electricity
	

	
	5.8 Acid deposition
	
	

	5.8.1
	Outline the chemistry leading to the formation of acid precipitation
	Sulfur dioxide
Nitrogen oxides
	

	5.8.2
	Describe three possible effects of acid deposition on soil, water, and living organisms
	One direct effect, coniferous forest
One toxic effect, aluminum

One nutrient effect, calcium
	

	5.8.3
	Explain why effect is regional and not global
	Effect on geology on buffering of aquatic systems
	

	5.8.4
IB History
	Evaluate pollution management strategies for acid deposition
	Limestone in Swedish lakes in early 1980’s case study
	


Topic 6: The issue of global warming
TOK:  If the scientific community has access to such certainty, how can it be as publicly divided as it has been in this case?  Can politicians exploit the ambiguity of conclusions from the scientific community to their own ends?
	6.1.1
	Describe the role of greenhouse gases in maintaining mean global temperatures
	Consider carbon dioxide levels in geological times
	

	6.1.2
	Describe how human activities add to greenhouse gases
	Water, carbon dioxide, CFC’s, methane
	

	6.1.3
	Discuss qualitatively the potential effects of increased mean global temperature
	Distribution of biomes
Change in crop regions

Change in weather patterns

Coastal inundation

Human health
	

	6.1.4
	Discuss the feedback mechanisms that would be associated with an increase
	Positive feedback-polar regions
Negative feedback-tropical regions
	

	6.1.5

IB History
	Evaluate pollution management strategies to address global warming
	Global- Kyoto protocol
Local
	

	6.1.6

IB History
	Outline the arguments surrounding global warming
	Appreciate the variety of conflicting arguments surrounding the issue
	

	6.1.7

IB History
	Evaluate contrasting human perceptions of the issue of global warming 
	Explore different viewpoints in relation to their own
	


Topic 7: Environmental value systems

	7.1.1

IB History
	State what is meant by an environmental value system
	
	

	7.1.2

IB History
	Outline the range of environmental philosophies with reference to figure 6
	Ecocentrism
Anthropocentrism

Technocentrism


	


