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Background
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Theme documents follow a template designed for this project.  An explanation for the layout and content of the project is found on the LSF website under Curriculum Policy Review. 
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Context and Description of the Theme
This document is best reviewed and applied along with the related theme Ecosystems.

Biodiversity, the variety of life on earth, is the living web of which we are an integral part and upon which we depend.  Human impact threatens individual and whole communities of species directly and through the disruption of the processes that link all parts of ecosystems.
The biodiversity theme in addressed on three levels which seem to be generally agreed upon in the literature:

· habitat diversity
· species richness
· genetic variation within species. 

Biodiversity is made complex as it includes variability in biological entities, in a specific space, at a specific moment in time. 
   The perspective of the user of the term also differs so that “in sustainability politics biodiversity is valued as a natural resource; in evolutionary theory it is considered both quality of life itself and the product of evolution; and in ecology it is sampled, measured and monitored in many different ways to trace complex changes in ecosystems”.
 

For citizens to achieve the scientific literacy to make informed decisions it has been recognized that a consideration of socio-scientific issues which explicitly include moral and ethical components needs to be addressed. 
  This project is based on the premise that education for sustainable development includes environmental, social, and economic considerations needed to advance citizenship literacy and is consistent with the identification of four foundations for biodiversity education: emotional connection with nature, ecological understanding, ethical questioning and political competence.
  
The current challenge to the world’s biodiversity cannot be understated. “The one process now going on that will take millions of years to correct is the loss of genetic and species diversity by the destruction of natural habitats. This is the folly our descendants are least likely to forgive us.”

Science education standards and other guidelines present biodiversity in a traditional way as a topic in the life sciences.  The role of biodiversity from an ecological point of view, a quality of life perspective, or an ethical issue is not usually addressed. The concept of biodiversity takes on increased importance and meaning when we think of the many reasons to be concerned due to the current threats.  As St. Antoine and Runk (1996) point out, it is important to conserve the diversity of life for medical and economic reasons. It is also important to protect the diversity of life because it helps maintain important ecological functions, such as oxygen production, pollination, and flood control, which in turn help support all life on earth. It has even been suggested that the current biodiversity crisis may lead to the disruption and degradation of several basic processes of evolution.

Biodiversity Theme – Organizing Strands
This document supports an interdisciplinary approach to the study of biodiversity and is organized in the following strands:

1. Socio-cultural Perspectives including the role of government 

· Cultural/Aesthetic Perspectives on biodiversity

· Decision Making and Governance
2. Economic and Technological Utility and Impact 

· Technological Impact on Biodiversity
· Technology and Biodiversity –selective breeding, biotechnology

· Economics –utility and costs of biodiversity loss
3. Human Impact on Biodiversity 

· Human Contributions to Biodiversity
· Human Negative impact on Biodiversity
4. The role of living things within ecosystems 

· Interdependence of species and resilience as a measure of biodiversity

· Diversity of ecosystems and change
5. The Science of the Diversity of Life 

· Diversity and similarity or relatedness of living things

· Heredity

· Evolution, Adaptation, Natural Selection and Survival –explaining biodiversity

Notes for Curriculum Designers

Biodiversity presents a particular challenge to curriculum designers due to its complexity, degree of ambiguity, and the interdisciplinary scope required to address it. A number of researchers and educators have identified these challenges and provided options for consideration.  The ill defined nature of biodiversity has actually been suggested as a positive feature that requires that learning /instruction about it be addressed in such a way that requires learners:
· to respect pluralism (respecting different ways of looking, valuing, understanding, etc.); 

· to include the ever presence of elements of ambivalence and uncertainty in environmental decision making; and

· to allow for multiple reality constructions to enter the learning process following from learning situated in a rich context. 

Fortunately there is evidence that the most powerful force shaping perceptions of nature and biodiversity is education.

Understanding and appreciating the diversity of life does not come from students' knowing bits of information or classification categories about many different species; rather it comes from their ability to see in organisms the patterns of similarity and difference that permeate the living world. Through these patterns, biologists connect the multitude of individual organisms to the theories of genetics, ecology, and evolution
.  Various ways of achieving this big picture have been suggested:

· Students need to understand that all species play an important role in ecosystems and are dependent on each other through their various ecological interactions. Research has indicated that most students to not understand the relationship that organisms have on each other, and therefore identify some living things such as mammals and trees as being more important to save from extinction then others, ie fungi and bacteria.

· “Just as the first indigenous populations and scientist observed the environment before using classifications and finally developing theories, students should use the same order when learning about this topic: Understanding observations, then classifications, then theories.” 
  The issue of the significance that classification of species study should play in biodiversity learning requires further consideration.  It can easily become the dominant focus of instruction and one that teachers can easily gravitate to since it is uncontroversial and relatively straightforward.  We recommend that classification be downplayed and only include it to the degree required to understand other fundamental biodiversity concepts.
· In our experience, an understanding of global biodiversity and its significance depend critically on a strong familiarity with common plant and animal species.
 
· Finally there is recognition that addressing value issues
 plays a central role in learning about biodiversity: Environmental value orientation has been found to be instrumental in people’s assessment and response of environmental risk and preferences for natural resource management. For example, biocentric-oriented values have been associated with higher levels of perceived risk and support for protection-oriented management.
 
The study of biodiversity can lead to a rich appreciation and understanding of general environmental education learning goals. Weelie and Wals (2002) identify emotional, ecological, ethical and political elements of learning about biodiversity. 
· Emotionally, biodiversity can create a personal meaning for students connecting them with nature through discovery and sensitization.  
· Ecologically, students can come to understand relationships, functions and (global) interdependencies. 
· Biodiversity study requires students to deal with values, taking a moral position and raises critical questions. 
· The political side of biodiversity has students dealing with controversial issues, making choices and developing action competence. 

As students mature a number of age-related issues need to be considered for each grade group:

Grades 10 -12

· The disagreement between religious writings and the story of evolution should be acknowledged. Scientific literacy includes knowledge of the current understanding of evolution. 
  
· Students are able to connect systems at the various levels (microscopic and macroscopic). However, students struggle with connecting the systems to their everyday lives or outside of the context they were learned in. 

· Students are more comfortable explaining things using only narrative accounts however they are able to move to using general rules of theories to explain things. 

Grades 7-9
· With regard to evolution, ideas presented at this level on natural selection are generally considered to be true and desirable for children to learn.  In grades 9 to 12 ideas start to appear that some people interpret to be inconsistent with their own beliefs about the diversity of life on earth.  These are nonetheless an important part of modern science and science literacy requires at least knowing what they are (whether or nor students believe them to be true). 

Grades 4-6
· As a theme, biodiversity has a strong argument for fostering a connection between nature (environment) and self.  This is specifically the case in the early years. Key biodiversity learning goals from 1 to 3 and 4 to 6 are to give students a personal and emotional involvement in nature.
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Grade Grouping: 10 to 12
	Exemplary Learning Programs
	Developmental  Readiness and Major Misconceptions

	Forest Quest

This activity uses the co-operative learning approach know as “jig saw” learning.  Students divide into research teams to learn different aspects of an issue and then return to a home group where each person peer teaches to the others in the home group.

In this extended Forest Quest activity students compare the biodiversity of urban forests with natural forests, consider cultural/environmental attributes, infer challenges created by industry and development, create multi-media presentations, and hone their internet-research skills. 
Main Instructional Approaches Used:

· Collaborative learning

· Integrated Approach

· Online learning

http://olc.spsd.sk.ca/DE/webquests/forestquest/ForestQuest.htm

	Developmental  Readiness
· Students are ready to understand why diversity within and among species is important.

· Basic scientific literacy does not require exploring the structure of DNA beyond it being a molecular string of genetic code that directs the assembly of protein.
  
· Many students who have studied genetics previously, maintain the lack of understanding that all living things contain genetic information. 

Major Misconceptions
· Most students fail to consider the existence of diversity in populations and its role in evolutionary change. 

· Students view adaptation as a shift of individual traits but need to view it as the changing proportions of a trait in a population. 
 A major barrier to understanding natural selection appears to be student inability to integrate two distinct processes in evolution, the occurrence of new traits in a population and their effect on long-term survival. Many students believe that environmental conditions are responsible for changes in traits, or that organisms develop new traits because they need them to survive, or that they over-use or under use certain bodily organism or abilities.  

· Students in all ages as well as graduates have confusing ideas around the theory of natural selection. Students typically cannot deploy natural selection to understand the role of variation in populations, the effect of novel traits on survival in populations, and the mechanisms of resistance in bacteria and insects. 

· Some students believe we have found all there is to know about life on the planet.

· Many students believe that trees and some vertebrates should be saved from extinction however other categories of living things such as invertebrates, fungi and bacteria do not need to be saved. 

· Misconceptions about evolution are common and widespread. 

· Many think that insects, diseases, and forestry activities are the greatest risk to forest biodiversity.
 

· Many think that modern types of crops such as wheat are more genetically varied than their ancestors. 

· Many think that species in the rain forest are independent of the other species in the community. 

· Some students believe that some species have a role in the balance of nature but others do not.
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Grade Grouping: 10 to 12

	Fundamental Concepts


By the end of this level of schooling students should know:
	Related Skills

	Socio-cultural Perspectives including the role of government

· The need to protect the world’s biodiversity has been recognized at the international level (Convention on  Biological Diversity, World Resources Institute,  United Nations Educational, Scientific and cultural organization (UNESCO) )

· The loss of the world‘s biodiversity is another example of the “Tragedy of the Commons”.  We have not been able to successfully respond to this feature of human activity.
· Human cultural diversity and biodiversity are linked.  The presence of intact indigenous cultures living traditional lifestyles requires an intact functioning ecosystem.  These societies are increasingly marginalized as dominant economic practices seek to exploit local resources n an unsustainable manner.

Economic and Technological Utility and Impact
· Loss of habitat due to climate change is the leading threat to global biodiversity.  

· Agriculture affects the diversity within a species and biodiversity as a whole.
  
· New varieties of farm plants and animals (genetically modified organisms) have been engineered by manipulating their genetic instructions to produce new characteristics.
 

· Biotechnology has contributed to human wellbeing in many ways, but its costs and application have led to a variety of controversial social and ethical issues.

· In addition to ecological affects, changes in biological diversity often have significant economic impact on a variety of sectors such as agriculture, forestry, fishing, and health.
 
· The majority of species in the world that have not yet been identified, let alone fully understood.  Loss of species may mean loss of important but as yet unknown resources for humans. 

Human Impact on biodiversity
· Gene banks and other technological facilities can store genetic material so that it is available as a source for future use and/or re-introductions to the wild.

· There is a normal change in the species that exist on earth however the scientific community has linked human activity to the accelerated rate of extinctions that are currently occurring and in the recent past.

· Human activity resulting in loss of diversity is occurring at the species level and within species. These have different impacts and different meanings. 

· The human species has a major impact on other species in many ways: reducing the amount of the earth’s surface available to those other species, interfering with their food sources, changing the temperature and chemical composition of their habitats, introducing foreign species into ecosystems, and altering organisms directly through selective breeding and genetic engineering
.
The role of living things within ecosystems
· Ecosystems are better able to respond to changes and recover when they contain the greatest biodiversity at the genetic, species, and natural community level.

· There are only estimates of how many different species there are on the planet.  Humans have identified a small number of species on the planet and do not understand all of their ecological roles.
· Ecosystems can be reasonably stable over hundreds or thousands of years. As any population of organisms grows it is held in check by one or more environmental factors: depletion of food or nesting sites, increased loss to increased numbers of predators, or parasites. 

· Like most complex systems, ecosystems have cyclical fluctuations around a state of equilibrium.  In the long run however ecosystems always change when climate changes or when one or more new species appear as a result of migration or local evolution. 

· Succession is the means by which orderly change occurs as ecosystem communities mature. 
The Science of the Diversity of Life
· All living things have a DNA code made of the same sub units that passes information from parent to offspring 

· The degree of kinship or relatedness between organisms or species can be determined by the similarity of their DNA sequences.  This often closely matches their classification based on anatomical similarities.
 

· Scientists classify living things based on evolutionary relationships.  This classification system is not perfect and is always being revised as new life forms are found. 
 
· Within a species there is some genetic variation or diversity. 
· Genetic information passed from parent to offspring is coded in DNA molecules.
  

· Heritable characteristics range form internal and external anatomy to biochemistry at the cellular level.
· The basic idea of biological evolution is that the earth’s present-day species developed from earlier, distinctly different species. 

· Molecular evidence supports anatomical evidence for evolution.

· Natural selection provides an explanation and a mechanism for evolution.

· Evolution builds on what already exists, so the more variety there is, the more there can be in the future.  But evolution does not necessitate long term progress in some set direction.
  
	Securing Information

· Interview local ecologists, hunters, and environmental experts to determine if they have noted changes in local biodiversity.
Communication

· Correctly use the following terms verbally and in writing: extinct, extirpated, threatened, endemic, natural selection, evolution, adaptation
, DNA, traits, genes, genetic characteristics, population
Measurement and Data 
· Inventory a variety of local natural communities to determine if biodiversity and ecosystem health are related.
Analysis 
· Compare the potential benefits and drawbacks of genetically modified organisms.
Evaluation
· Identify the list of large mammalian species that are found in the area today with that found historically and determine the factors that have caused the changes evident.
Plan/Design/Build
· Plan the changes that would need to take place to return a species native to the area that has been extirpated.  Present the plan to local wildlife officials and discus.
· Identify local species that benefit from the creation of nesting structures and carry out a project to build and install these in a local natural area.
Use of Information Communication Technology
· Produce a 1-2 minute commercial using digital media communicating what individual actions can be made and why they should be made concerning biodiversity.  Publish on the Internet and start a discussion forum.



Theme: Biodiversity

Grade Grouping: 10 to 12

	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· Plants and animals are here for people to use as they see fit. / Humans are only one kind of living thing on the planet and they should ensure that their actions do not interrupt the progression of other living things.

· Animals have rights to exist and should not be made to suffer from human actions. / Animals are as important as people and should be treated so. / Animals can be used by people as long as they are treated humanely. 
· Human activity has caused much destruction in the natural world and it is our responsibility to repair it through ecological restoration and a decrease in the human population. / The loss of some species is a necessary consequence of human progress.  An increase in population means an increase in economic activity and wealth and is therefore warranted.

· Using various animals for medicinal and cultural practices is a human right that should not be interfered with. / Human practices that threaten the viability of another species should be curtailed regardless of the cultural implications.  Conservation takes precedence over discretionary cultural practices.

· Property rights take precedence over the passing interests of those supporting other living things. /The protection of living things that have been a part of the earth’s biodiversity for thousands of years is much more important than rights of ownership that are of questionable legality in many cultures.

Emotional/ Affective Elements

· People can experience a sense of well being or alarm with regard to the fate of various plants and animals.

· Investigate why some people have a greater sense of well being when they have some relationship with other living things (gardening, pets, casual observation). 

	· Case studies provide a direct link to biodiversity issues whose real world context ensures that the full complexity is put before students to consider.  Issues for consideration might include examination of a particular species that is threatened with extinction due to human activity, or “tragedy of the commons” examples such as the harvesting of species from the sea. 
· The dramatic/artistic ritual of the Council of All Beings requires that students take the position of various species to convey what they might say to humanity.  This interdisciplinary activity includes research to the current status and plight of particular species, an artistic portrayal of the species through the creation of a mask, and speaking on behalf of the creature during the council.

· Use the tools of system analysis to investigate the role of different living things in an ecosystem and predict the impact of their loss.
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Grade Grouping: 7 to 9
	1. Exemplary Learning Programs
	2. Developmental 

Readiness and Major Misconceptions

	Biodiversity Counts

This highly structured project-based inquiry has students learn about the biodiversity of local plants and arthropods using scientific processes in preparation for setting up a classroom museum.  
Main Instructional Tools Used:

· Integrated learning
· Activity-based learning 

http://www.amnh.org/education/resources/biocounts/overview.php

	Developmental Readiness
· Concerning heredity, younger middle-school students tend to focus on observable traits, and older students have some understanding that genetic material carries information. 

· Students at this age are able to participate in small groups using ecological reasoning working towards making environmental decisions.

· Students can develop a deeper understanding of fossil evidence beyond extinctions and survivals to the notion of evolutionary history.

· Students are not yet ready to learn about isotopic dating techniques due to the level of math needed for understanding. 

Major Misconceptions
· Many students think adaptation means that individuals change in major ways in response to environmental changes (that is, if the environment changes, individual organisms deliberately adapt). Understanding the concept of adaptation can be particularly troublesome at this level. 

· Many think that humans are indestructible as a species. / There are several examples of the collapse of human populations (early Mayans etc.)
 
· In general, students recognize the idea of species as a basis for classifying organisms, but few students will refer to the genetic basis of species. 

· Many think that different species in a forest can breed with each other.

· Many think that the only reason for variation amongst plants is that they grew differently or they grew in different places. 

· Many confuse non-inherited adaptations acquired during an individual’s lifetime with adaptive features that are inherited in a population. 

· Many think that species are static.

· Students of all ages believe that some environmentally produced characteristics can be inherited, especially over several generations
 

· Many think that trees and vertebrates such as mammals should be saved from extinction but that it is not necessary to save some invertebrates such as fungi and bacteria.
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Grade Grouping: 7 to 9
	3. Fundamental Concepts


By the end of this level of schooling students should know:
	4. Related Skills/Life

practices

	Socio-cultural Perspective including the role of government
· Cultural preferences and practices can have negative or positive consequences for biological diversity.
 
· Government, non governmental organizations, community groups, and individuals use a variety of means to protect plants and animals.

· The needs of particular plants and animals required in order for them to survive often conflict with short term human needs and actions.  Sometimes these conflicts are well known and other times they are not.

· People use a variety of means to advance their interests over those of other living things.  Decisions made at the government level are subject to the political process. 

· Social/governmental response to the way new technologies affect other living things including other people lags far behind implementation and as a result often only come into play when serious harm is detected.

Economic and Technological Utility and Impact
· Technologies can have widespread impact on many plants or animals or only impact a few species.

· The use of technology to meet the needs and wants of the increasing human population on the planet is resulting in the loss of many species through deforestation, agriculture, over fishing and urbanization.
· All of the plants and animals that people depend on for food today were once found in the wild. New plants and domestic animals for cultivation have resulted from selective breeding for particular traits.
  
· One of the trade-offs concerning agriculture is that specializing in one crop variety may risk disaster if changes in weather or increases in pest populations wipe out that crop. 

· Introduction of exotic species can lead to  changes in community composition which in turn can affect ecosystem goods or services either by directly reducing abundances of useful species (by predation or competition), or by altering controls on critical ecosystem processes. 

· The introduction of a new species to an area usually has a negative economic impact.

· Biotechnology allows genetic information to be moved from one species to another, a process that does not occur in nature. 
Human Impact on biodiversity

· Zoos and botanical gardens and other facilities can participate in captive breeding with the intent of re-introducing the species when habitat problems have been solved through processes such as ecological restoration.

· The historical record indicates that human activity usually results in the loss of species from an area.  Human impact has been accelerating as the global population and the rates of consumption (economic activity) have has increased.
 
· When human activity (hunting or harvesting, habitat removal, pesticide applications) results in the change of the types of plants and or animals found in an area (through extinction, extirpation, introduction of a species) the natural community may not function as well.
· The major threats to biodiversity are related to habitat loss and degradation, introduction of alien species, over exploitation, pollution and disease, and climate change. 

The role of living things within ecosystems
· Relationships between organisms vary greatly and may be competitive, mutually beneficial or independent.  Some species become so adapted to each other that neither can survive without the other.

· Succession is the process of change that takes place in a natural community due to the influence of living members of that community on each other.  Due to succession an area with one set of physical conditions may have a variety of natural communities moving from less complex to more complex.
· The group of organisms found in an area will always change if the physical conditions change. 
· The ecological health of a natural community can be measured in terms of the variety of living things that are found there.
The Science of the Diversity of Life
· Living things have similarities in internal features and patterns of development.  The way cells function is similar in all living organisms.

· External and internal features are used to group or classify living things. Organisms with similar structures are more related. 
· Classifications are not a part of nature but a human creation. They are frameworks created by biologists for describing the vast diversity of organisms, suggesting relationships among living things and framing research questions. 

· Animals and plants have a great variety of body plans and internal structures that contribute to their being able to make or find food and reproduce. 

· For sexually reproducing organisms, a species comprises all organisms that can mate with one another to produce fertile offspring 

· Sexual reproduction usually involves two parents, each contributing half the genes of the offspring. In asexual reproducing one living thing provides all the genes.

· A fertilized egg cell carrying genetic information from each parent multiplies to form the complete organism.

· Small differences between parents and offspring can accumulate over time in successive generations so that descendents are very different from their ancestors.  This occurs naturally and is used by people in selective breeding.

· All environments are subject to change.  When changes occur some individuals in a population are more suited to survive than others. This process is called adaptation.

· The fossil record, through geologic evidence, documents the appearance, diversification, and extinction of many life forms.

	Securing Information
· Use a field guide to identify the common species found in a local natural area.
Communication

· Correctly use the following terms verbally and in writing: biological diversity
species, extinction
, extirpated, endemic, natural selection, evolution, endangered 
 genes, inherited characteristics, genetic information, succession
Measurement and Data 
· Identify an observable inherited characteristic in humans, determine rates amongst classmates and present the data graphically.  Compare with published results.
Analysis 
· Create time line showing the disappearance of species from local the local area. 
Evaluation
· Identify and evaluate the success of local efforts to maintain and enhance biodiversity.
Plan/Design/Build

· Plan, design and carryout changes to some portion of the schoolyard to increase the biodiversity of the site.
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Grade Grouping: 7 to 9
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 


	· Four main types of arguments are usually advanced for the preservation of endangered species: 1. The moral argument is that all species have a right to exist. 2. The aesthetic argument is that living things should be allowed to survive because they give us pleasure. 3. The economic argument is that living things have the potential to provide us with such things as medicines and industrial products; thus, by letting organisms become extinct we may well be losing a vast range of potentially useful compounds. 4. The ecological argument is that each species has a role to play in maintaining the balance of nature which facilitates human survival.
 
· Zoos are facilities that can keep endangered species until they can be returned to the wild. / Zoos are prisons for animals that should not be supported.
· Deep ecologists and many indigenous people believe that all beings in the natural world have a right to exist in themselves, without being interfered with by other beings. /Others value nature simply because it is useful to us –it might provide cures for cancer etc.

Affective/Existential Elements

·   The world view that nature just exists free for us to do whatever we want with, collides with the cognitive perspective that living this way is not desirable.  Confronting this disconnect, acknowledging it, understanding how we have gotten to where we are, and then making the choice to do otherwise is necessary to make change. 


	· Use case studies of species that have become extinct due to human activity or are currently threatened to explore the broader issues related to biodiversity.

· The dramatic/artistic ritual of the Council of All Beings requires that students take the position of various species to convey what they might say to humanity.  This interdisciplinary activity includes research to the current status and plight of particular species, an artistic portrayal of the species through the creation of a mask, and speaking on behalf of the creature during the council.
· Select local organisms to compare and contrast how they have adapted to the conditions in each biome and how these organisms interact with each other. 
· Organize student learning around a Species Fair using the same strategy employed for general science fairs.  Invite the public or hold the event during a school open house.

· Interview (by speakerphone) a professional or a member of a relevant non-governmental organization in your area who is working to preserve or enhance biodiversity following the generation of a set of relevant questions.
· Study a region in the world and make note of the plants and animals found there and how they are like or unlike those found elsewhere. 

· Tracing simple food webs in varied environments shows dependence of organisms on their environment and other species.   Consider how the removal of selected species might affect the entire ecosystem. 

· Use small group research to identify the many threats to biodiversity with local examples and the opportunities to address them (pet trade, hunting, economic exploitation, medicinal use, loss of habitat, introduction of diseases, alien species).
· Move the classifications of living things from external anatomy to internal structures and functions. 

· Use field guides in the study of local environments to provide students with opportunities to experience the range of species present and the means by which others have grouped them to aid in identification.
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Grade Grouping: 4 to 6
	1. Exemplary Learning Programs
	2. Developmental 

Readiness and Major Misconceptions

	Nature in the Neighbourhood: An Inquiry Approach
A natural area within walking distance of the school is the location for an investigation of the living things that are found nearby.  By focusing learning on nearby biological communities, learners can understand that the environment is all around and not just confined to parks, nature reserves and conservation authority sites.  Organized in groups, students identify a suitable local area, prepare for a walking field trip to the site, engage in learning activities at the site and later share their learning with members of the community, often those who live adjacent to the site visited.

Main Instructional Tools Employed:

· Inquiry Based Learning

· Integrated learning

· Activity-based learning
· Audience beyond the classroom

· Learning relevant to the world beyond the classroom


	Developmental Readiness
· Students are ready to compare organisms from different habitats and speculate why differences and similarities occur and help survival. 

· These students’ reasons are purely at the macroscopic level, they describe organisms (or other systems) as collections of traits/information when tracing information and they describe why change occurs not how. 

· These students should be looking at external features and behaviour patterns of living things and moving to understanding internal structures and processes that connect them and make them different from one another. 

· Children’s’ ideas about insects at this age are based on characteristics or structures. 

Major Misconceptions
· Students at this age believe that organisms are capable of changing their body structure to exploit a particular habitat or that they respond to a change in the environment by seeking a more favourable environment. 

· Some students believe that some species have a role in the balance of nature but other do not.

· These students do not focus on the variability within species. 

· Students in this grade group have a variety of misconceptions around the classification of reptiles and amphibians.
 

· These students tend not to use hierarchical classification therefore they may have difficulty understanding that an organism can be classified as both a bird and an animal. 

· Some believe that traits are only inherited from one parent. Some believe that some characteristics only come from the mother and others from the father.  Not until Grade 5 can some students use reasoning based on chance to predict the outcome of inheriting characteristics.

· The higher value which students place on vertebrates, especially mammals and birds, has strong parallels with other research which indicates that when students think about animals, they think mainly of mammals, whereas the invertebrates as a group are very poorly understood.
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Grade Grouping: 4 to 6

	3. Fundamental Concepts 


By the end of this level of schooling students should know:
	4. Related Skills/Life

Practices

	Socio-cultural Perspective including the role of government
· Plants and animals provide people with enjoyment and a sense of wellbeing.  

· Different cultures and religions have specific beliefs as to how people should treat other living things.
· Governments and community organizations use a variety of means to protect plants and animals (humane treatment laws, humane society facilities and activities, hunting and fishing regulations, protection of areas needed by particular plants and animals).
Economic and Technological Utility and Impact
· Through their ability to invent tools and processes, people have an enormous effect on the lives of other living things.  This ability to affect other living things increases with new technological developments. 

· Some plant varieties and animal breeds have more desirable characteristics than others for human use.   Through selective breeding, people have changed the characteristics of some plants and animals to meet human needs. 

· The biodiversity of living things in our area has helped people live here for a long time by providing such tings as food, shelter, and medicine.
· When new living things are introduced to an area through human actions (purposeful introductions, associated with trade activity, travel), they can cause many problems (weeds and agriculture, diseases and trees).
Human Impact on biodiversity

· Creation of habitat that has been lost (school yard naturalization, naturalized gardening, and removal of invasive species) can increase the number of different species found in an area.

· Preservation of local natural areas (woods, old fields, wetlands, etc) allows the plants and animals that depend on these areas to continue to live.
· The actions of people can reduce the kinds of living things found in an area directly or indirectly.

· Introducing a living thing from another part of the world (alien species) to an area can result in the loss of those species that normally live there (native species)

The role of living things within ecosystems

· Every plant and animal depends on other plants and animals in some way (influences how they get food, water, air, soil, or in reproduction, movement etc).

· The groups of different living things that are found in different places will be determined by the conditions that exist there. Places that have different physical conditions (amount of water, sunlight, temperature, soil) will have different living things found there.  Typical natural communities include wetlands, forest, grasslands, dessert, aquatic, and marine.
· Living things cause changes in the environment where they live and these changes will help or hurt other living things found there as well as the organism causing the change.

The Science of the Diversity of Life
· People group living things to help them understand the world and to make decisions (edible/not edible, poisonous/harmless etc). Features used depend on the purpose of the grouping. 
 
· Animals and plants have a great variety of body plans that contribute to their being able to get what they need to live.

· Living things can reproduce in two ways.  When there is only one parent, the products are exactly like the source organism (i.e. cutting from a plant are exactly the same as the source plant).   In sexual reproduction involving 2 parents, the young are a combination of the features of the parents.

· Some likenesses between children and parents, such as eye colour in human beings, or fruit or flower colour in plants, are inherited. Other likenesses, such as people's table manners or carpentry skills, are learned.

· Some kinds of plants and animals can live in a particular environment and some cannot. 

· Individuals of the same kind of living thing show small differences in their characteristics.  Sometimes the difference gives the individual an advantage in surviving and reproducing.

· One of the most important criteria to group living things is those that make their own food, plants compared to animals which get their food from other living things.
 

· Changes in an organism's habitat are sometimes be beneficial to it and sometimes harmful.
 
· Fossils are evidence that many different kinds of living things have occurred on Earth and that these have changed over time.
 
	Securing Information

·  Select and use a field guide to identify plants and animals in the local environment
Communication

· Correctly use the following terms verbally and in writing:  native/non-native, alien/exotic, invasive, biological diversity
, habitat, habitat loss, species, community, ecosystem, organism, environment, fossil, inherited, characteristic, parent. Endangered, threatened, extirpated, extinct

Measurement and Data 

· Examine local habitats for the number of differently living things in a small area and show the results graphically.
· Graph various parameters in the class that are inherited (eye colour) and compare to those that are not (can play a musical instrument) and express graphically.
 
Analysis

· Categorize (classify) living things according to similar and dissimilar characteristics.

· Relate the changes that have taken place in the plant communities in your local area from the time of settlement by Europeans to the changes in large mammals that have occurred here.

Evaluate

· Trace various consumer products back to their origin to determine the impact on biodiversity. 
Design/Build/Use

· Create maps of the schoolyard to show how natural habitats representative of the area could be incorporated.  Set up and display these at a school open house.



Theme: Biodiversity





Grade Grouping: 4 to 6
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· Every living thing is of value just because it is alive. / Living things are only of value if they are of some use to people.

· Birds and mammals are more important than other living things. / All living things are important since if they are alive today they are playing some role in their natural community.

Affective/Existential Elements

· The intrinsic interest of these students in living things is a natural opportunity to engage them in learning.

	· A collection of fossils can be used to compare similarities and differences in living things from the past and today.
 
· Compare organisms from different habitats and note differences and similarities and how they might influence survival. 

· Have students compare and contrast offspring of both plants and animals with their parents. 
· Prepare a field guide to the living things found in the school yard with each student taking one species.  Use the field guide to prepare an environmental tour of the schoolyard taking other students and community members on the tour during a school open house.

· Create a class garden where students can track a plant’s life cycle from a seed to a seed producer. 

· Compare areas of the schoolyard that are naturalized with those that are not to determine the impact of plant diversity on the animal populations found in each area type.
· Invent their own schemes for classifying organisms.
 
· Have the class keep lists of things that animals and plants get from their parents, things that they don’t get and things that students are not sure about either way.
 
· Identify local instances where one organism depends on another and whose survival depends on the mutual relationship.
· Create a visual timeline to trace the ecological history of your area to determine the impact that human activity has had on the variety of living things found there.  Include a future projection to speculate on what might or can occur. 


Theme: Biodiversity





Grade Grouping: 1 to 3
	1. Exemplary Learning Programs
	2. Developmental 

Readiness and Major Misconceptions

	1. Investigating Local Ecosystems and Look at those Leaves

http://www.sciencenetlinks.com/lessons.cfm?BenchmarkID=5&DocID=80
     The purpose of this series of activities is to investigate the habitats of local plants and animals and to explore some of the ways animals depend on plants and each other.  The students are encouraged to keep an online field journal with an adult to help keep track of their findings and ideas.  The idea is to observe very closely various ecosystems the children are familiar with and begin to communicate about what they find.

Students can then complete the Look at those Leaves lessons that begin students sorting and comparing leaves in their area.
Main Instructional tools Employed:  

· online learning

· activity-based learning

· integrated learning


	Developmental Readiness
· Young children spontaneously respond to nature and have a natural curiosity for it.  This provides a good entry point to learning about living things. 

· The distinction between extinct creatures and those that still live elsewhere will not be clear for some time. 

· These students are able to explore the external features and behaviour patterns that connect and make things different at this age. 

· Children of this age can begin to understand that animals of one kind (species) have similar internal parts and offspring.

Major Misconceptions
None identified in the literature to date for this grade grouping.


Theme: Biodiversity




Grade Grouping: 1 to 3
	3. Fundamental Concepts


By the end of this level of schooling students should know:
	4. Related Skills/Life

Practices

	Socio-cultural Perspective including the role of government
· Some plants and animals have special meaning to some people.
· People can decide if they want to help or hurt plants and animals.
Economic and Technological Utility and Impact
· Before doing or making something we should try to determine how our actions will affect other living things.

· The living things of the world provide people with many things including food, clothing, shelter, decoration, and medicine. All of the food we eat comes from plants or animals.  Many of these we grow or raise, and some we collect from the wild. 
Human Impact on biodiversity
· People can help living things (plants and animals, including other people) in many ways directly and indirectly.

· People often harm other living things indirectly without even knowing it.  When people get what they need to live it always has an effect on other living things.
The role of living things within ecosystems
· Different plants and animals are found in those places where they can get what they need to live.

· Plants can affect animals and other plants in many ways.

· Animals can affect plants and other animals in many ways.

The Science of the Diversity of Life

· All living things have similar needs-water, air, food, space, and warmth.  Living things are different form non living things in that they can move by themselves, grow, reproduce and eventually die.
· Stories sometimes give plants and animals attributes they really do not have. 

· Young are very similar to their parents and each other but not exactly the same.
 
· For any kind of animal or plant – each individual is not exactly the same. 

· Different plants and animals have different parts that help them get what they need to live in some places but not others. 
  

	Securing Information

· Observe living things in the schoolyard or local natural area to identify similarities and differences.

· Use picture books to distinguish between stories that portray animals and plants as they really are and those that do not.

Communication

· Correctly use the following terms verbally and in writing:  living, non-living, animal, plant.

Measurement and Data 

· Measure the growth of a runner bean and graph the results over time.
Analysis
· Group plants and animals according to their appearance and how they obtain their basic needs (food, water, shelter, space, air, and sunlight).
Evaluate
· List common actions that people engage in (walk to school, use water, discard waste) and determine if they help or hurt other living things.

Design/Build/Use

· Using plasticine create a zoo enclose for an animal and include everything that it needs to live.  Prepare a display card for your animal that notes how it gets what it needs to live in the wild.  




Theme: Biodiversity





Grade Grouping: 1 to 3
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· The natural environment is home to many living things and should be treated with courtesy and respect.
· People should not kill bugs and other creatures they come across without a reason.

· All living things are important to nature.
Affective/Existential Elements

· Biodiversity has a strong argument for fostering a connection between nature (environment) and self.  This is specifically the case in the early years. Key biodiversity learning goals from 1 to 3 and 4 to 6 are to give students a personal and emotional involvement in nature.


	· Provide students with opportunity to observe many common different plants and animals in the classroom, on the school grounds, in the neighbourhood, at home, in parks and local natural areas. 

· Develop displays with drawings, photographs or real specimens that exhibit all the living things students can find where they live.
 
· Record the variety of living things in the schoolyard using digital photographs. Have students research and write about each one.
· Introduce students to a variety of living things that vary is size and shape. Allow students to investigate the limitations of size and shape as a means for identifying an organism as an insect to address the misconception of this grade group. 

· Bring invertebrates such as sow bugs into the classroom for student observation and record keeping.  A small terrarium allows these creatures to be kept in the class throughout the school year.
 
· Conduct an open classroom discussion on the responses people make when insects are found in our homes.  Bring up different societal perspectives and ask children to respond and discuss. 
· Use art to explore the characteristics that offspring can exhibit based on those of their parents.  The teacher can create two parent ladybugs.  Based on their visual appearance, students create examples of the offspring using construction paper, cut and paste.
· Small groups of students can create murals that depict how common actions help or hurt living things.
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� Kassas, 2002: 43, Chapin et al, 2000


� Weelie and Wals, 2002: 1148.


� Weelie & Wals, 2002: 1143.  It is not uncommon to find that scientific, political and symbolic meanings are used interchangeably by the same person. Both the knowledge base and the value base of biodiversity are variable and to a degree unstable and questionable.  


� Sadler, 2004: 3.


� Smyth defined a need for biodiversity education to provide opportunities for the development of value judgements related to biodiversity and the skills and commitment needed to apply and practise these in everyday life. Furthermore, Maas Geesteranus (1999) advocates the findings of Weelie and


Wals (1999) who considered education for biodiversity to lead from four foundations, namely emotional connection with nature, ecological understanding, ethical questioning and political competence. Young, 2001: 440.


� Wilson, 1984. 


�  Haury,1998.


� “Although such ill-definition could render biodiversity, as a concept, useless or reduce it to a rhetorical instrument from a ‘modernist’ point of view, it makes it attractive from a more ‘postmodernist’ perspective. After all, the ill defined nature of biodiversity or of sustainability, for that matter, suggests: the need to respect pluralism (respecting different ways of looking, valuing, understanding, etc.);  the ever presence of elements of ambivalence and uncertainty in environmental decision making; and the need for learning situated in a rich context, which allows for multiple reality constructions to enter the learning process.” Weelie & Wals, 2002:1144-145.


� Although many variables seem to affect attitudes toward the natural environment, including income, age, gender, urban vs. rural residency, ethnicity, and wildlife activities. Thompson & Mintzes, 2002: 646. In a study of undergraduate students, researchers found that being educated about conservation had a strong influence on the extent to which students become committed to arguments for conserving species and habitats, and this depended crucially on the type of teaching to which they are exposed to. Caro et al, 2003: 147.


� AAAS, 1993: 101.


� Palmer, 1997: 845-846.


� AAAS, 1993: 100.  Traditionally the focus at the grade 4 to 6 grade level is classification of living organisms. The usefulness and relevance to students at this age of this focus is questionable. See AAAS, 1993: 103. But there are challenges to the value of classification study. According to Yen et al, 2004: 168, “it is hard to imagine how learners might make sense of ecological crises that produce threatened or endangered species without a basic grounding in classification concepts.” 


� Yen et al, 2004: 168 


� The notion that nature conservation should be based on sound scientific principles is not universally held, and some believe that cultural, aesthetic or utilitarian factors are more important in deciding conservation priorities. There are claims that the promotion of objective, value-free approaches to the scientific study of the natural world has taken the fun and enjoyment out of exploring nature, thereby divorcing it from popular support. Grace & Ratcliffe, 2002: 1158 


� Macfarlane, 2005: 545. Conservation biology is driven by the value of biodiversity, and philosophers have identified two basic types of value: anthropocentric, i.e. useful in some way to humans; and biocentric, i.e. inherently valuable as an end in itself. One study showed that scientific concepts and values were both used by middle school students in deciding about biological conservation issues, but researchers found more weight appeared to be given to values, particularly as the discussion proceeded in groups. Grace & Ratcliffe, 2002: 1159


� Weelie and Wals, 2002: 1150.


� AAAS, 1993: 124.


� Wilson et al, 2006: 6.


� Wilson et al, 2006:11


� AAAS, 2001: 80


� Weelie and Wals, 2002: 1150.


� AAAS, 1993: 105.


� AAAS, 2001: 68.


� A British study of 15 & 16 year olds found that half of the 700 students who all had previously studied genetics were still not aware that all living things have genetic information. Grace & Ratcliffe, 2002: 1167.


� Wilson et al, 2006: 3


� AAAS, 1993: 124.


� AAAS, 1993: 343.


� Catley et al, 2005, 12. & Wilson et al, 2006:3.


� 	As much as 97% of the world’s plant and animal species may still await discovery. Bryson, 2003: 362.


� Palmer, 1997: 445.


� Several decades of research suggest that beliefs in teleology (i.e., evolution represents progress), and in self-directed design (e.g., organisms evolve in response to their perceptions of need), are robust and hard to dislodge, even in the face of concerted instruction. Catley et al, 2005, 11. Many have a Lamarckian view of evolution (i.e. inheritance of acquired characteristics). The Darwinian view is that changes in an organism acquired during its lifetime are not passed on to its descendents. Only changes in reproductive cells are passed on. Summers et al, 2001: 43.   Students struggle with the understanding of natural selection.  Students primarily use the explanation that traits have evolved for a purpose. AAAS, 1993: 343. An example of this would be students explaining how cheetahs became such fast runners. Students think that they needed to catch up with prey so they could eat and the ones that couldn’t would die off. As they kept trying eventually they were able to catch up. Wilson et al, 2006: 11.  Many believe that environmental conditions are responsible for changing traits. AAAS, 1993: 343.  –Some believe that whole organisms can mutate during their lifetimes - mutations are passed on only if they affect an organism’s sex cells AAAS, 2001: 70.


-a barrier to understanding natural selection for many students appears to be the inability to integrate 2 distinct evolutionary processes –occurrence of new traits in a population and their effect on long term survival AAAS, 2001: 82.


-students have difficulty understanding that changing a population results from survival of a few individuals that preferentially reproduce and not from a gradual change of all individuals in as the population AAAS, 2001: 82.


Many believe that organisms develop new traits because they need them to survive.  AAAS, 1993: 343 


� The finding that insects and disease was rated as the greatest risk to biodiversity has implications for biodiversity conservation. Outbreaks of mountain pine beetle are natural phenomena in mature lodge pole pine forests in BC. The current epidemic, however, is unprecedented and is compounded by forest management activities (such as fire suppression), dry summers, and warm winter weather. Forestry activities are perceived as environmental risks among the public in BC and extends this threat to a new hazard domain, biodiversity. It is rather surprising that, in a province with strong economic dependence on the forest industry and among the strictest forest management policies and procedures (i.e., the Forest Practices Code) in Canada, the public still perceives forestry as failing to protect ecological systems such as biodiversity. This should send a strong message to policymakers and the forest industry that engaging in meaningful, mutual dialogue with the public should be an integral component of managing risk associated with forestry activities. Macfarlane, 2005: 551-552. 


� Wilson et al, 2006: 3


� Summers et al, 2001: 43.


� Summers et al, 2001: 43.


� A large proportion of students in both Year 6 and Year 10 applied the concept of role/interdependence


in both a positive and negative form (i.e., as a reason for saving some types of living things and as a reason for not saving other types of living things). The negative form could be described as, “I would not save it because it doesn’t do anything/it is not important/it is not needed.” The implication is that some living things do not have a role in nature and that nothing else is dependent on them. This was clearly a very robust misconception. It occurred in a high proportion (46%) of the Year 6 students, and also occurred in a similarly high proportion (40%) of the Year 10 students who had experienced 4 years of high school science. It has also been identified outside of the present study: Munson (1994) found that students have a misconception that “varying the population of an organism may not affect an ecosystem, because some organisms are not important” (p. 33). Palmer: 1997:847


� The Convention on Biological Diversity can be found at www.biodiv.org/, The World Resources Institute can be found at http://www.wri.org/biodiv/pubs_description.cfm?pid=2550 and UNESCO can be found at http://portal.unesco.org/en/ev.php-URL_ID=29008&URL_DO=DO_TOPIC&URL_SECTION=201.html


� Thomas et al, 2004: 145-148.


� Wilson et al, 2000.


�  AAAS, 1993: 186.Genetic Modification (GM) is the process of taking genes and segments of DNA from one species, e.g. fish, and putting them into another species, e.g. tomato.  Proponents argue that GE/GM could solve the problem of world hunger.  Opponents argue that GE/GM could lead to environmental and human health problems.


� AAAS, 1999: 207.


� Biodiversity changes can directly reduce sources of food, fuel, structural materials, medicinals or genetic resources. These changes can also alter the abundance of other species that control ecosystem processes, leading to further changes in community composition and vulnerability to invasion Chapin et al, 2000: 239.  There are many examples of the economic costs of introduced species including introduction of weeds to farming and aquatic species such as the zebra mussels to lakes.


� As much as 97% of the world’s plant and animal species may still await discovery Bryson, 2003: 362. One quarter of all prescribed medicines are derived from just 40 plants (another 16% from animals or microbes). Bryson, 2003: 366-67.


� Many scientists now believe that the Earth is facing a sixth mass extinction, in part because of human activities and the first due to the actions of one species –humans –through the imposition of industrial civilization  -, The current rate of species extinction is many times higher than the 'background' rate – which has prevailed over long periods of geological time. The background extinction rate varies, but estimates based on the fossil record suggest that in mammals and birds, one species has been lost every 500 to 1,000 years. According to the United Nations Environment Programme's 1995 Global Biodiversity Assessment (GBA), (see � HYPERLINK "http://earthwatch.unep.net/emergingissues/biodiversity/assessment.php - viewed March 1" ��http://earthwatch.unep.net/emergingissues/biodiversity/assessment.php - viewed March 1�, 2007), species extinction since the year 1600 has occurred at 50 to 100 times the natural rate, and is expected to accelerate to between 1,000 and 10,000 times the natural rate by 2020.   The GBA states that 38 bird and mammal species became extinct between 1600 and 1810, compared to 112 species between 1810 and 1995. Of the 129 recorded bird extinctions, 103 have become extinct since 1800. This indicates an extinction rate that is 50-times that of the background rate.


� Summers et al, 2001: 42


� AAAS, 1993: 57 Humans have a major effect on other species. For example, the influence of humans on other organisms occurs through land use—which decreases space available to other species—and pollution—which changes the chemical composition of air, soil, and water National Research Council, 1996: 199.


� AAAS, 1993: 117


� AAAS, 1993: 117


� AAAS, 1993: 108. DNA are long chain molecules made up of just 4 smaller molecules where precise order encodes genetic information AAAS, 2001: 71.


� AAAS, 1993: 105. 


� Biological classifications are based on how organisms are related. Organisms are classified into a hierarchy of groups and subgroups based on similarities that reflect their evolutionary relationships. Species is the most fundamental unit of classification. National Research Council, 1996: 185. 


� AAAS, 1993: 108.


� AAAS, 1993: 125 


� AAAS, 1993: 125 and provides additional detail about the sequence in which various lines of descent branched off from one another.


� 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 AAAS, 1993: 69. AAAS, 1993: 125. Some variation in heritable characteristics exists within every species, some of these characteristics give individuals an advantage over others in surviving and reproducing, and the advantaged offspring, in turn, are more likely than others to survive and reproduce. The proportion of individuals that have advantageous characteristics will increase under changed environmental conditions.  A great diversity of species increases the chance that at least some living things will survive in the face of large changes in the environment. AAAS, 1993: 105. Summers et al, 2001: 42.  Natural selection leads to organisms that are well suited for survival in particular environments. Chance alone can result in the persistence of some heritable characteristics having no survival or reproductive advantage or disadvantage for the organism. When an environment changes, the survival value of some inherited characteristics may change AAAS, 1993:125


� Evolutionary changes appear to be like the growth of a bush: Some branches survive form the beginning with little or no change, many die out altogether, and others branch repeatedly, sometimes giving rise to more complex organisms.


� Clarify the scientific and common use of the term adaptation -in everyday life people can adapt, in natural science adaptation takes place over generations AAAS, 2001: 82.





� For more information on the Council of All Beings see � HYPERLINK "http://www.rainforestinfo.org.au/deep-eco/coab-flier.htm - Viewed February 27" ��http://www.rainforestinfo.org.au/deep-eco/coab-flier.htm - Viewed February 27�, 2006.


�  As described this program would take place over several months.  Modification would allow such a project to take place over a shorter tie period.  Instruction would be enhanced by setting up the museum display in an actual museum, local public facility such as a library.  The museum display approach is flexible and allows many biodiversity issues to be addressed.


� National Research Council, 1996. 


� Research indicates they are not ready to integrate complex ideas and systems which is needed to fully complete environmental management processes therefore this integration should wait till later years. The major way in which students reasoning about an environmental management decision differed from the reasoning that experts use was that it was less integrative than is ideal for considering complex environmental issues.  Across groups, students built important ideas about ecological complexity and considered values and uncertainty as dimensions of the issues showing that they can bring a good deal of appropriate everyday and academic knowledge and sensitivity to environmental decision making. However, within groups, most teams focused primarily on certain ecological themes or on values or uncertainty, without weighing, balancing and integrating all relevant concerns in their deliberations. Hogan, 2002: 363.


� AAAS, 1993: 124.


� AAAS, 1993: 124.


� Driver et al, 1994: 53.


� By grades 5-8, students begin to develop a more conceptual understanding of ecological crises. For example, they begin to realize the cumulative ecological effects of pollution. By this age, students can study environmental issues of a large and abstract nature, for example, acid rain or global ozone depletion. However, teachers should challenge several important misconceptions, such as anything natural is not a pollutant, oceans are limitless resources, and humans are indestructible as a species. Need reference. National Research Council, 1996: 167.


� Students may exhibit a general understanding of classification. However, when presented with unique organisms, students sometimes appeal to "everyday" classifications, such as viewing jellyfish as fish because of the term "fish," and penguins as amphibians because they live on land and in water National Research Council, 1996: 181.


� Summers et al, 2001: 43.


� Wilson et al, 2006: 9.


� AAAS, 1993: 344.


� Catley et al, 2005, 11


� AAAS, 2001: 68.


� Palmer, 1997: 845 Students therefore fail to understand the interdependence of species in ecosystems.


� Traditional medicines that use the parts of particular wild animals and plants or preference for bush meat in diets may lead to excessive pressures on animal populations.  Sense of identification with other living things held by some indigenous cultures may act as a means of controlling exploitation of some populations.


� The global environment is affect by national policies and practices relating to ecological management. AAAS, 1993: 177.


� Science and technology are essential social enterprises, but alone they can only indicate what can happen, not what should happen. The latter involves human decisions about the use of knowledge National Research Council, 1996: 199.


� Various methods are used to delay or support governmental decisions relating to threatened or endangered species (calls for further study, reference to property rights, enacting legislation but not implementing it etc).  Societal challenges often inspire questions for scientific research, and social priorities often influence research priorities through the availability of funding for research. National Research Council, 1996: 169.


� Following the Precautionary Principle has been advanced as a means of avoiding this challenge.


� Habitat destruction for agriculture removes all of the species from an area whereas pesticide application may only have selective species effects.


� AAAS, 1993: 108.small differences between parents and offspring can accumulate through selective breeding in successive generations so that descendents are very different from their ancestors. People control the characteristics of plants and animals they raise by selective breeding and by preserving varieties of seeds (old and new) to use if growing conditions change. AAAS, 1993: 186


� AAAS, 1993: 186.


�   There are many examples of species that were introduced to solve a problem which only went on to cause other ecological challenges.  Examples of the economic impacts of invasions of novel species are the introduction and spread of single pests such as the golden apple snail (Pomacea canaliculata) and the European corn borer (Ostrinia nubilalis). These have had major impacts on food production and farm incomes.  Estimates of the overall cost of invasions by exotic species in the United States range widely from $1.1 to $137 billion annually.  In Australia, plant invasions alone entail an annual cost of US $2.1 billion. Chapin et al, 2000: 240.


� Introduction of new plants to an area has led to increased wed removal costs in agriculture.  The introduction of the Zebra Mussels has cost millions of dollars in control efforts.


� At times it has been beneficial to capture or collect the last few remaining members of a species when their habitat is threatened with destruction and all individuals might be lost.


� There are many examples of indigenous populations co-existing with diverse local populations of plans and animals for long periods of time.


� Botanic Gardens Conservation International, 2006. Human activity (e.g. habitat destruction, foreign introductions, pollution, over-harvesting) adversely affects many ecosystems, causing extinction of species and consequent loss of biodiversity. Summers et al, 2001: 42.


� Two types of organisms may interact with one another in several ways: They maybe in a producer/consumer, predator /prey, or a parasite /host relationship.  Or one organism may scavenge or decompose another.   Relationships may be competitive or mutually beneficial.  AAAS, 1993: 117


�  AAAS, 1993: 104, 112.  Knows evidence that supports the idea that there is unity among organisms despite the fact that some species look very different (e.g., similarity of internal structures in different organisms, similarity of chemical processes in different organisms, evidence of common ancestry) Maryland State Department of Education, 2005. Millions of species of animals, plants, and microorganisms are alive today. Although different species might look dissimilar, the unity among organisms becomes apparent from an analysis of internal structures, the similarity of their chemical processes, and the evidence of common ancestry National Research Council, 1996: 158). All life is more similar than dissimilar.


� AAAS, 1993: 104


� AAAS, 1993: 104


� AAAS, 1993: 104


� AAAS, 1993: 108. 


� AAAS, 1993: 108.


� AAAS, 1993: 124. Knows basic ideas related to biological evolution (e.g., diversity of species is developed through gradual processes over many generations; biological adaptations, such as changes in structure, behaviour, or physiology, allow some species to enhance their reproductive success and survival in a particular environment) Maryland State Department of Education, 2005 


� AAAS, 1993:124.  Biological evolution accounts for the diversity of species developed through gradual processes over many generations. Species acquire many of their unique characteristics through biological adaptation, which involves the selection of naturally occurring variations in populations. Biological adaptations include changes in structures, concepts or physiology that enhance survival and reproductive success in a particular environment National Research Council, 1996: 158.


� Extinction of a species occurs when the environment changes and the adaptive characteristics of a species are insufficient to allow its survival. Fossils indicate that many organisms that lived long ago are extinct. Extinction of species is common; most of the species that have lived on the earth no longer exist National Research Council, 1996: 158,   


� Now include genetic diversity in the definition of biological diversity.


� Extinction of a species occurs when the environment changes and the adaptive characteristics of a species are insufficient to allow its survival. Fossils indicate that many organisms that lived long ago are extinct. Extinction of species is common; most of the species that have lived on the earth no longer exist National Research Council, 1996: 158.


� endangered species will be used in a broader sense of any living thing which is in danger


of extinction, rather than referring only to those living things, usually higher vertebrates, which ave been formally declared endangered.


� Alternately students can follow the same approach for their backyard or a local park.


� Palmer, 1997: 837.  


� General attitudes toward the environment are commonly referred to as value orientation and are frequently categorized into two contrasting belief systems labelled anthropocentric and biocentric (or ecocentric). An anthropocentric orientation reflects a utilitarian view of nature whereby natural resources are defined in terms of satisfying human wants and needs and their contribution to economic prosperity and human well-being. A biocentric orientation reflects a broader range of values including, for


example, aesthetic, spiritual, and passive use values. Although human uses and benefits are also included, nature is viewed as having inherent worth; a right to exist for its own sake regardless of its usefulness to humans. Macfarlane, 2005: 545.


� See titles by Ralph Metzner, The Well of Remembrance 2001, The Unfolding Self, 1998 and Green Psychology, 1999 to explore this issue.


� AAAS, 1993: 104.


� AAAS, 1993: 104.


� AAAS, 1993: 104.


� Prior to field work, use photographs of local species in class so that students have experience using field guides.


� AAAS, 1993: 123. Focus on the consequences of different features of organisms for their survival and reproduction. AAAS, 1993: 123. 


� Wilson et al, 2006: 6.


� AAAS, 1993: 100.


� Shepardson, 2002: 637. 


� Shepardson, 2002: 629.


� Munson (1994) found that students have a misconception that “varying the population of an organism may not affect an ecosystem, because some organisms are not important” (p. 33).  This can be thought of as a misconception about interdependence in ecosystems.  Students ascribed differing levels of importance to species when commenting on the need to “save” them from extinction.  Species not worthy of saving were viewed as not doing anything important.  This misconception was still evident in 40% of the subjects in Year 10.  Student familiarity played some role in the misconception. Palmer: 1997:847


� Due to the importance of understanding variability within species it is suggested students are introduced to these ideas and encouraged to think about this in this age group. Research indicates that due to the lack of attention to within species variability, novices have difficulty when restructuring to Neo-Darwinian theory. Catley et al, 2005, 12.  


� Examples of misconceptions about reptiles are: Animals that can crawl are reptiles. Animals that can swim are not reptiles. Reptiles that can live on land and they can crawl. Confusion between insects and reptiles. ‘(Crawl)’ implies reptiles. Animals with legs are reptiles. Examples of misconceptions about amphibians are: Animals that live in water and on land are amphibians. Tadpoles that undergo metamorphosis are amphibians. Amphibians have two ways to exercise. Adults and larvae are different species (e.g., frogs and tadpoles). Yen et al, 2004: 167 


� AAAS, 1993: 349.


� AAAS, 2001: 68.


� Palmer, 1997: 145


� For many it is simply interesting and enjoyable to see all the different living things that are found around us.  Diversity of living things is needed for aesthetic, moral and practical reasons. Summers et al, 2001: 42


� AAAS, 1993: 55.  Technologies often have drawbacks as well as benefits. A technology that helps some people or organisms may hurt others-either deliberately (as weapons can) or inadvertently (as pesticides can). When harm occurs or seems likely, choices have to be made or new solutions found


� AAAS, 1993:184.


� Humans change environments in ways that can be either beneficial or detrimental for themselves and other organisms National Research Council, 1996.


�  This can occur directly (hunting, fishing, poaching for trade in wildlife parts) or indirectly where a habitat is changed (forestry, agriculture, irrigation etc) so that a plant or animal can no longer get what it needs to live.Habitat loss can occur if the entire habitat is removed as in the building of new homes or some forestry practices or if only a part of the habitat is changes so that the plant or animal cannot get one of the things it needs to live (water, air, food, reproduce).


� Examples gardeners bring in plants from other parts of the world that then escape, r species escape during the exchange of good –trade – Example zebra mussels etc


� AAAS, 1993: 116.  Insects and various other organisms depend on dead plant and animal material for food./ Organisms interact  with one another in various ways besides providing food.  Many plants depend on animals for carrying their pollen to other plants or for dispersing their seeds./  Most micro organisms do not cause disease and many are beneficial. AAAS, 1993: 116.


� National Research Council, 1996. A tree will eventually reduce the amount of sunlight reaching the ground and therefore play a role in the decline of sun loving plants growing there.


� AAAS, 1993: 103


� Shepardson, 2002: 642, Every living thing has structures that help it get what it needs to live. National Research Council, 1996, 129, 


� For offspring to resemble their parents there must be a reliable way to transfer information from one generation to the next AAAS, 1993: 107


� AAAS, 1993: 107. Many characteristics of an organism are inherited from the parents of the organism, but other characteristics result from an individual's interactions with the environment. Inherited characteristics include the colour of flowers and the number of limbs of an animal. Other features, such as the ability to ride a bicycle, are learned through interactions with the environment and cannot be passed on to the next generation National Research Council, 1996. 


� AAAS, 2001: 83.


� AAAS, 1993: 123.  Light coloured moths that rest on the bark of light coloured trees would survive longer than darker coloured versions due to the inability of predators to see them.  If these conditions persisted then only lighter moths would survive and reproduce./ For any particular environment, some kinds of plants and animals survive well, some survive less well, and some cannot survive at all AAAS, 1993: 116.  Summers et al, 2001: 42.


� Microscopic organisms cannot be easily classified as either.  AAAS, 1993: 104. Although this is in the 7 to 9 section in AAAS students are learning similar ideas such as plants need sunlight much earlier on. AAAS page 119 The Flow of Matter and Energy has more detailed information at 1 to 3 and 4 to 6. 


� AAAS, 1993: 116/ An organism's patterns of behaviour are related to the nature of that organism's environment, including the kinds and numbers of other organisms present, the availability of food and resources, and the physical characteristics of the environment. When the environment changes, some plants and animals survive and reproduce and others die or move to new locations National Research Council, 1996: 129. 


� Fossils can be compared to one another and to living organisms according to their similarities and differences. Some organisms that lived long ago are similar to existing organisms, but some are quite different. AAAS, 1993: 123 


� At this level biodiversity can mean diversity in species and diversity in habitats


� Understands the concept of extinction and its importance in biological evolution (e.g., when the environment changes, the adaptive characteristics of some species are insufficient to allow their survival; extinction is common; most of the species that have lived on the Earth no longer exist) Maryland State Department of Education, 2005.


� The intent is to distinguish between inherited and learned characteristics.


� The aim here is to move students toward the realization that there are many ways to classify things but how good any classification is depends on its usefulness. AAAS, 1993: 103


� The higher value which students place on vertebrates, especially mammals and birds, has strong parallels with other research which indicates that when students think about animals, they think mainly of mammals, whereas the invertebrates as a group are very poorly understood. Palmer, 1997: 145.


� AAAS, 1993: 123.


� AAAS, 1993: 123.


� For some plant species such as the kidney bean, this full life cycle can occur in the classroom.


� AAAS, 1993: 103.  The importance of having students engage in classification has been questioned elsewhere in this document and requires further investigation.


Have students place thing according to the traits that make them similar. They should be moved from describing individuals to this type of investigation. AAAS, 1993: 107


�AAAS, 1993: 107.


� AAAS, 1993: 100.


� AAAS, 1993: 123.


� AAAS, 1993: 101.


� AAAS, 2001: 68.  This needs further work.  These students understand that the young of adults are the same kind but the role of internal structures in their understanding is not clear.


� AAAS, 1993: 54.


� Directly –assisting stranded individuals, putting up diversions on windows to prevent bird kills


Indirectly –recycling paper and other materials, not wasting water or food, walking to school, belonging to groups that work to help wildlife


� AAAS, 1993: 116. At this grade level it is appropriate for students to be familiar with common local native plants and animals.


� In addition to providing food, plants provide nesting materials and create places for animals to live and raise their young.  Plants affect each other by competing for light, water, and space.   


� Animals help plants by pollinating flowers, spreading seeds, and digging up the soil.  Animals provide other animals with a food source, nest or den sites (sites that are abandoned by one animal may be used again by another), and a means of movement (via hitching a ride on other animals).


� AAAS, 1993: 102.


� For example, differences regarding the stage of development (size, ability to reproduce, life cycle) and the variation of kind differences (young are the same kind of living thing as their parents –rabbits don’t have puppies) should be considered.. National Research Council, 1996, AAAS, 1993: 107 


� Wilson et al, 2006: 7.  There is variation among individuals of one kind within a population. AAAS, 1993: 107.  As mentioned in the Grade 4 to 6 section, whether this concept is appropriate here requires further investigation. 


� AAAS, 1993: 123 Living things are found almost everywhere in the world. There are somewhat different kinds in different places. AAAS, 1993:116. AAAS, 1993: 102.


� 	AAAS, 1993: 102.


� Weelie and Wals, 2002: 1150.


� AAAS, 1993: 102. Students are ready to make observations about their own environment and film can help them extend that experience to other environments. AAAS, 1993: 123 Students should have reasons for their observations-reasons that prompt them to do something with the information they collect. Such as student generated questions such as how organisms live or care for their young AAAS, 1993:102


� AAAS, 1993: 102.


� Shepardson, 2002: 639.


� Capture various insects and have children explore their habits and their lifecycle while in an aquarium. If possible use milkweed plants to attract butterflies so students can observe their life-cycle. Shepardson, 2002: 639.


� Grade 2 and 3 students can create cut and paste construction paper murals that depict how wasting food links to requiring more farmland which in turn requires more forests to be cleared for orchards thus depriving some living things of a home.  Other actions that can be depicted in this way include littering and the effect on urban and non-urban wildlife, recycling paper that reduces the need for forestry, shutting off taps to reduce water thus leaving more in the environment for other living things, gardening practices at home that can reduce or increase the number of different living things found there.
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