

Standard 4: Populations, Communities and Ecosystems
The student will use physical, chemical, biological, and ecological concepts to analyze and explain the interdependence of humans and organisms in populations, communities and ecosystems. 
A.  Cycling of Matter and Energy

Indicator 1. Explain how organisms are linked by the transfer and transformation of matter and energy at the ecosystem level.
  a. Describe how the process of photosynthesis provides a vital connection between the sun and the
      energy needs of living systems.
  b. Explain and demonstrate that the Earth can be considered as one single global food web,
      and food webs can also be described for a particular environment.
  c. Use energy and biomass pyramids to explain that in the cycling of matter: 
· Recombination of atoms releases energy and produces biomass; 
· Matter accumulates in or passes among trophic levels;
· Biomass of lower trophic levels supports higher trophic levels;
· Chemicals such as lead, mercury, and DDT can move through a food chain (Bioaccumulation and biomagnifications)
·  Energy, in contrast to matter, flows through ecosystems in one direction.
· A continual input of energy from sunlight keeps the process going.

· At each link in the food web, some energy is used, some is stored in newly made structures, but much is dissipated into the environment as heat.
d. Develop a model to demonstrate or illustrate how marine and terrestrial food webs are part of one larger system for cycling matter and transferring energy.

B. Population Dynamics

Indicator 1. Analyze the growth or decline of populations and identify a variety of responsible factors.
a. Demonstrate using a model or case study how a population comes into equilibrium (grows or declines)
    with its environmental resources through the combined effects of birth, death, immigration, emigration.               
b. Calculate differences in growth curves of populations that increase through a linear or 
    exponential growth pattern.
c. Discuss the factors that limit population size, such as availability of food, light, space, populations
   of predators and prey, competitors, disease.
  d. Demonstrate using a model or case study that carrying capacity is defined as the maximum number of
      individuals that can be supported in a given environment and that the limitation is not in the space but
      number of people/organisms in relation to the resources and capacity of earth systems to support them. 
  e. Research and explain how technologies having to do with medicine, food production, sanitation, or

     disease prevention have affected human population dynamics. 
  f. Research and explain how, in the past century, agricultural technology led to a huge shift of population
     from farms to cities and a great change in how people live and work.

 g. Research the size and rate of growth of human populations and discuss how economic, 
     political, religious, technological and environmental factors affect population dynamics.
 h. Investigate and communicate findings about factors that may affect the size and rate of
    human population growth such as:
· birth and fertility rates

· age structure of the population

· levels of affluence and education

· role of children in the labor force

· education and employment of women

· infant mortality rates

· availability and reliability of birth control

·  religious beliefs

· cultural norms

C. Community and Ecosystem Dynamics

Indicator 1. Explain how the interrelationships and interdependencies of organisms and populations contribute to the dynamics of communities and ecosystems. 
a. Use a model, primary research, or case study to illustrate that there is a finite amount of matter available to living things and living things compete for this matter and energy.
b. Describe and cite examples (such as mutualism, commensalism, parasitism, social structures) of interactions and interdependence of organisms in ecosystems as both cooperative and competitive.
c. Use models or case studies to demonstrate that competition between two species may lead to the elimination of one species or to the partitioning of resources.
D. Stability in Populations, Communities and Ecosystems
1. Use models and provide examples to show how the interaction and interdependence of populations contribute to the stability of populations, communities and ecosystems.
a. Define and explain that “stability” of an ecosystem may be defined in terms of resistance to change
    or as the ability to recover from change (resilience).
b. Demonstrate how a stable population is a result of the interaction of factors that decrease a population
    with those that increase a population.

c. Use models or case studies to demonstrate and explain how population size can be
    controlled by predation, including that: 
· Specialized predators limit prey population sizes.
· Generalized predators may have little effect on prey population sizes.
· Mortality from parasites (includes disease organisms) increases with host density.
d. Use models or case studies to illustrate how populations can be controlled by a limiting resource.
2. Use models and provide examples to show how species’ interactions may generate ecosystems that are stable for hundreds or thousands of years.

a. Use a model, primary research, or case study to demonstrate and explain how a disturbance, such as a flood, fire, or hurricane may result in the affected ecosystem returning to a system similar to the original one, or take a new direction, leading to a very different type of ecosystem, depending on the magnitude of the change.

b. Use an example to demonstrate and explain how the addition or loss of a species may result in the affected ecosystem evolving into a different type of ecosystem.
c. Cite an example of impacted terrestrial and aquatic ecosystem returning to similar ecosystem.

d. Cite an example of impacted terrestrial and aquatic ecosystem leading to a different type of ecosystem.
e. Use a model, primary research, or case study to demonstrate how a keystone species is critical to the survival of other organisms.
E.  Diversity
1.  Provide examples and evidence to show that a greater diversity of genes, species and/or environments increases the chance that at least some living things will survive in the face of large changes in the environment.
a. Identify different types of diversity as species diversity, genetic diversity and habitat/ecosystem diversity.
b. Provide examples and evidence to show that natural selection leads to organisms that are well-suited for survival in particular environments.
c. Demonstrate that, when an environment, including the other organisms that inhabit it, changes, the survival value of inherited characteristics may change.
d. Explain and describe how natural selection may lead to populations of organisms that are adapted to biotic and abiotic changes in the environment.
e. Explain and describe how the continuing operation of natural selection on new characteristics and in changing environments over millions of years has produced a succession of diverse new species.
f. Describe and explain that the diversity of major groups is much greater in the oceans than on land.

· Most ocean life exists as microbes.

· Some major groups are found exclusively in the ocean.

· The ocean provides examples of life cycles, adaptations and interrelationships that do not occur on land.

g. Describe the ocean as three-dimensional, offering vast space and diverse habitats from the surface, through the water column to the sea floor.
h. Describe and explain why life in the oceans is not distributed evenly.

· Ocean habitats are defined by environmental factors. 

· Some ocean areas support the most diversity on earth while most of the ocean is considered a desert.

· Tides, waves and predation cause vertical zonation patterns along the shore, influencing the distribution and diversity of organisms.

i. Explain that there are deep ocean ecosystems that are independent of energy from sunlight and photosynthetic organisms, such as hydrothermal vents, submarine hot springs, whale falls, and methane cold seeps. 

j. Explain how estuaries provide important and productive nursery areas for many and aquatic species.
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