	CONTENT CLARIFICATION 
Targeted Standards and Benchmarks
	SCIENCE TOPIC: ADAPTATION AND NATURAL SELECTION

	STATE
(MASSACHUSETTS)
	http://www.doe.mass.edu/frameworks/scitech/2001/standards/ls9_101.html
5.2.  Illustrate how genetic variation is preserved or eliminated from a population through Darwinian natural selection (evolution) resulting in biodiversity.

	Go to 
State  Standards…
	

	BENCHMARKS FOR SCIENCE LITERACY
	5F, Evolution of Life       
By the end of the 12th grade, students should know that


• 
The basic idea of biological evolution is that the earth's present-day species developed from earlier, distinctly different species.


• 
Molecular evidence substantiates the anatomical evidence for evolution and provides additional detail about the sequence in which various lines of descent branched off from one another.


• 
Natural selection provides the following mechanism for evolution:  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.


• 
Heritable characteristics can be observed at molecular and whole-organism levels-in structure, chemistry, or behavior. These characteristics strongly influence what capabilities an organism will have and how it will react, and therefore influence how likely it is to survive and reproduce.


• 
New heritable characteristics can result from new combinations of existing genes or from mutations of genes in reproductive cells.  Changes in other cells of an organism cannot be passed on to the next generation.


• 
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.


• 
The theory of natural selection provides a scientific explanation for the history of life on earth as depicted in the fossil record and in the similarities evident within the diversity of existing organisms.


• 
Life on earth is thought to have begun as simple, one-celled organisms about 4 billion years ago. During the first 2 billion years, only single-cell microorganisms existed, but once cells with nuclei developed about a billion years ago, increasingly complex multicellular organisms evolved.

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



	Go to Benchmarks…
	

	NATIONAL SCIENCE EDUCATION STANDARDS
	Grades 9-12, Standard C, Biological Evolution

• 
Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring. 

• 
The great diversity of organisms is the result of more than 3.5 billion years of evolution that has filled every available niche with life forms.


• 
Natural selection and its evolutionary consequences provide a scientific explanation for the fossil record of ancient life forms, as well as for the striking molecular similarities observed among the diverse species of living organisms.


• 
The millions of different species of plants, animals, and microorganisms that live on earth today are related by descent from common ancestors.

• 
Biological classifications are based on how organisms are related. Organisms are classified into a hierarchy of groups and subgroups based on similarities which reflect their evolutionary relationships. Species is the most fundamental unit of classification.



	Go to NSES…
	

	CONTENT CLARIFICATION 
Associated K-12 Science Standards and Benchmarks

	
	BENCHMARKS FOR SCIENCE LITERACY

	Go to Science Netlinks…
	

	K-2  BENCHMARKS
	By the end of the 2nd grade, students should know that


• 
Different plants and animals have external features that help them thrive in different kinds of places.

•    Some kinds of organisms that once lived on earth have completely disappeared, although they were something like others that are alive today.



	3-5  BENCHMARKS
	By the end of the 5th grade, students should know that


• 
Individuals of the same kind differ in their characteristics, and sometimes the differences give individuals an advantage in surviving and reproducing.

•    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.



	6-8  BENCHMARKS
	By the end of the 8th grade, students should know that


• 
Small differences between parents and offspring can accumulate (through selective breeding) in successive generations so that descendants are very different from their ancestors.


• 
Individual organisms with certain traits are more likely than others to survive and have offspring. Changes in environmental conditions can affect the survival of individual organisms and entire species.
•    Many thousands of layers of sedimentary rock provide evidence for the long history of the earth and for the long history of changing life forms whose remains are found in the rocks. More recently deposited rock layers are more likely to contain fossils resembling existing species.

	9-12  BENCHMARKS
	By the end of the 12th grade, students should know that


• 
The basic idea of biological evolution is that the earth's present-day species developed from earlier, distinctly different species.


• 
Molecular evidence substantiates the anatomical evidence for evolution and provides additional detail about the sequence in which various lines of descent branched off from one another.


• 
Natural selection provides the following mechanism for evolution:  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.


• 
Heritable characteristics can be observed at molecular and whole-organism levels-in structure, chemistry, or behavior. These characteristics strongly influence what capabilities an organism will have and how it will react, and therefore influence how likely it is to survive and reproduce.


• 
New heritable characteristics can result from new combinations of existing genes or from mutations of genes in reproductive cells.  Changes in other cells of an organism cannot be passed on to the next generation.


• 
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.


• 
The theory of natural selection provides a scientific explanation for the history of life on earth as depicted in the fossil record and in the similarities evident within the diversity of existing organisms.


• 
Life on earth is thought to have begun as simple, one-celled organisms about 4 billion years ago. During the first 2 billion years, only single-cell microorganisms existed, but once cells with nuclei developed about a billion years ago, increasingly complex multicellular organisms evolved.

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


	
	NATIONAL SCIENCE EDUCATION STANDARDS

	Go to NSES…
	

	K-4  STANDARDS
	  The Characteristics of Organisms

• 
Organisms have basic needs. For example, animals need air, water, and food; plants require air, water, nutrients, and light. Organisms can survive only in environments in which their needs can be met. The world has many different environments, and distinct environments support the life of different types of organisms.


• 
Each plant or animal has different structures that serve different functions in growth, survival, and reproduction. For example, humans have distinct body structures for walking, holding, seeing, and talking.

•    The behavior of individual organisms is influenced by internal cues (such as hunger) and by external cues (such as a change in the environment). Humans and other organisms have senses that help them detect internal and external cues.



	5-8  STANDARDS
	Organisms and their Environments

• 
An organism's patterns of behavior 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.
• 
All organisms cause changes in the environment where they live. Some of these changes are detrimental to the organism or other organisms, whereas others are beneficial.

	9-12  STANDARDS
	Biological Evolution

• 
Species evolve over time. Evolution is the consequence of the interactions of (1) the potential for a species to increase its numbers, (2) the genetic variability of offspring due to mutation and recombination of genes, (3) a finite supply of the resources required for life, and (4) the ensuing selection by the environment of those offspring better able to survive and leave offspring. 

• 
The great diversity of organisms is the result of more than 3.5 billion years of evolution that has filled every available niche with life forms.


• 
Natural selection and its evolutionary consequences provide a scientific explanation for the fossil record of ancient life forms, as well as for the striking molecular similarities observed among the diverse species of living organisms.


• 
The millions of different species of plants, animals, and microorganisms that live on earth today are related by descent from common ancestors.

• 
Biological classifications are based on how organisms are related. Organisms are classified into a hierarchy of groups and subgroups based on similarities which reflect their evolutionary relationships. Species is the most fundamental unit of classification.



	CONTENT CLARIFICATION 
Related Content Knowledge

	SCIENCE FOR ALL AMERICANS
	Chapter 5, Heredity
One long-familiar observation is that offspring are very much like their parents but still show some variation: Offspring differ somewhat from their parents and from one another. Over many generations, these differences can accumulate, so organisms can be very different in appearance and behavior from their distant ancestors…If a mutated gene is in an organism's sex cell, copies of it may be passed down to offspring, becoming part of all their cells and perhaps giving the offspring new or modified characteristics. Some of these changed characteristics may turn out to increase the ability of the organisms that have it to thrive and reproduce, some may reduce that ability, and some may have no appreciable effect.
Chapter 5, Evolution of Life
Since the beginning of the fossil record, many new life forms have appeared, and most old forms have disappeared. The many traceable sequences of changing anatomical forms, inferred from ages of rock layers, convince scientists that the accumulation of differences from one generation to the next has led eventually to species as different from one another as bacteria are from elephants. The molecular evidence substantiates the anatomical evidence from fossils and provides additional detail about the sequence in which various lines of descent branched off from one another…. By its very nature, natural selection is likely to lead to organisms with characteristics that are well adapted to survival in particular environments. Yet chance alone, especially in small populations, can result in the spread of inherited characteristics that have no inherent survival or reproductive advantage or disadvantage. Moreover, when an environment changes (in this sense, other organisms are also part of the environment), the advantage or disadvantage of characteristics can change. So natural selection does not necessarily result in long-term progress in a set direction. Evolution builds on what already exists, so the more variety that already exists, the more there can be.


	Go to SFAA…
	

	Science Matters
	Chapter 17, Natural Selection
Most of the variation between species has little to do with survival…but once in a while a trait matters.  If an individual is better able to survive and attract a mate…chances are that it will pass those traits on to more offspring than its rivals, and eventually the entire population will share them.  Darwin called this process “natural selection, or the survival of the fittest.” Life is a contest for limited resources.   An individual can survive only if it is able to beat the competition…Life uses many different strategies to survive.

	BENCHMARKS FOR SCIENCE LITERACY ESSAYS
	Benchmarks for Scientific Literacy: 5F, Evolution of Life 
In the twentieth century, no scientific theory has been more difficult for people to accept than biological evolution by natural selection. It goes against some people's strongly held beliefs about when and how the world and the living things in it were created. It hints that human beings had lesser creatures as ancestors, and it flies in the face of what people can plainly see-namely that generation after generation, life forms don't change; roses stay roses, worms stay worms. New traits arising by chance alone is a strange idea, unsatisfying to many and offensive to some. And its broad applicability is not appreciated by students, most of whom know little of the vast amount of biological knowledge that evolution by natural selection attempts to explain.

It is important to distinguish between evolution, the historical changes in life forms that are well substantiated and generally accepted as fact by scientists, and natural selection, the proposed mechanism for these changes.  Students should first be familiar with the evidence of evolution so that they will have an informed basis for judging different explanations. This familiarity depends on knowledge from the life and physical sciences: knowledge of phenomena occurring at several different levels of biological organization and over very long time spans, and of how fossils form and how their ages are determined. Students may very well wonder why the fossil record has so many seeming holes 
in it. If so, the opportunity should be seized to show the value of mathematics. The probability of specimens of any 
species of organisms surviving is small-soft body parts are eaten or decomposed, and hard parts are crushed or 
dissolved. The probability of finding a specimen is small because most are buried or otherwise inexcavable. Mathematics holds that the probability of acquiring a specimen of an extinct species is extremely small-the product of the two probabilities.

Before natural selection is proposed as a mechanism for evolution, students must recognize the diversity and apparent relatedness of species. Students take years to acquire sufficient knowledge of living organisms and the fossil record. Natural selection should be offered as an explanation for familiar phenomena and then revisited as new phenomena are explored. To appreciate how natural selection can account for evolution, students have to understand the important distinction between the selection of an individual with a certain trait and the changing proportions of that trait in populations. Their being able to grasp this distinction requires some understanding of the mathematics of proportions and opportunities for them to reflect on the individual-versus-population distinction in 
other contexts.

Controversy is an important aspect of the scientific process. Students should realize that although virtually all scientists accept the general concept of evolution of species, scientists do have different opinions on how fast and by what mechanisms evolution proceeds. A separate issue altogether is how life itself began, a detailed mechanism for which has not yet emerged. 

Kindergarten  through Grade 2
Students should begin to build a knowledge base about biological diversity.  Student curiosity about fossils and dinosaurs can be harnessed to consider life forms that no longer exist. But the distinction between extinct creatures and those that still live elsewhere will not be clear for some time. "Long ago" has very limited meaning at this age level. Even as students make observations of organisms in their own environments, they can extend their experiences with other environments through film.

Grades  3 through 5 
Students can begin to look for ways in which organisms in one habitat differ from those in another and consider how some of those differences are helpful to survival. The focus should be on the consequences of different features of organisms for their survival and reproduction. The study of fossils that preserve plant and animal structures is one approach to looking at characteristics of organisms. Evidence for the similarity within diversity of existing organisms can draw upon students' expanding knowledge of anatomical similarities and differences.

Grades  6 through 8 
During middle school, several lines of evidence are further developed. The fossil evidence can be expanded beyond extinctions and survivals to the notion of evolutionary history. Sedimentation of rock can be brought in to show relative age. However, actual age, which requires an understanding of isotopic dating techniques, should wait until high school, when students learn about the structure of atoms. Breeding experiments can illustrate the heritability of traits and the effects of selection. It was familiarity with selective breeding that stimulated Darwin's thinking that differences between successive generations can naturally accumulate.

Grades  9 through 12 
Knowing what evolutionary change is and how it played out over geological time, students can now turn to its mechanism. They need to shift from thinking in terms of selection of individuals with a trait to changing proportions of a trait in populations. Familiarity with artificial selection, coming from studies of pedigrees and their own experiments, can be applied to natural systems, in which selection occurs because of environmental conditions. Students' understanding of radioactivity makes it possible for them to comprehend isotopic dating techniques used to determine the actual age of fossils and hence to appreciate that sufficient time may have elapsed for successive changes to have accumulated. Knowledge of DNA contributes to the evidence for life having evolved from common ancestors and provides a plausible mechanism for the origin of new traits.

History should not be overlooked. Learning about Darwin and what led him to the concept of evolution illustrates the interacting roles of evidence and theory in scientific inquiry. Moreover, the concept of evolution provided a framework for organizing new as well as "old" biological knowledge into a coherent picture of life forms.

level. Even as students make observations  of organisms in their own environments, they can extend their experiences  with other environments through film.

Grades  3 through 5 
Students can begin to look for ways in which organisms in one habitat differ  from those in another and consider how some of those differences are helpful  to survival. The focus should be on the consequences of different features  of organisms for their survival and reproduction. The study of fossils that  preserve plant and animal structures is one approach to looking at characteristics  of organisms. Evidence for the similarity within diversity of existing organisms  can draw upon students' expanding knowledge of anatomical similarities and differences.

Grades  6 through 8 
During middle school, several lines of evidence are further developed. The  fossil evidence can be expanded beyond extinctions and survivals to the notion  of evolutionary history. Sedimentation of rock can be brought in to show  relative age. However, actual age, which requires an understanding of isotopic  dating techniques, should wait until high school, when students learn about  the structure of atoms. Breeding experiments can illustrate the heritability  of traits and the effects of selection. It was familiarity with selective  breeding that stimulated Darwin's thinking that differences between successive  generations can naturally accumulate.

Grades  9 through 12 
Knowing what evolutionary change is and how it played out over geological  time, students can now turn to its mechanism. They need to shift from thinking  in terms of selection of individuals with a trait to changing proportions  of a trait in populations. Familiarity with artificial selection, coming  from studies of pedigrees and their own experiments, can be applied to natural  systems, in which selection occurs because of environmental conditions. Students'  understanding of radioactivity makes it possible for them to comprehend isotopic  dating techniques used to determine the actual age of fossils and hence to  appreciate that sufficient time may have elapsed for successive changes to  have accumulated. Knowledge of DNA contributes to the evidence for life having  evolved from common ancestors and provides a plausible mechanism for the  origin of new traits.

History should not be overlooked. Learning about Darwin and what led him to  the concept of evolution illustrates the interacting roles of evidence and  theory in scientific inquiry. Moreover, the concept of evolution provided  a framework for organizing new as well as "old" biological knowledge into  a coherent picture of life forms.

Finally there is the matter of public response. Opposition has come and continues  to come from people whose interpretation of religious writings conflicts  with the story of evolution. Schools need not avoid the issue altogether.  Perhaps science courses can acknowledge the disagreement and concentrate  on frankly presenting the scientific view. Even if students eventually choose  not to believe the scientific story, they should be well informed about what  the story is.



	
	

	
	

	CONTENT CLARIFICATION 
Research into Student Learning and Ideas about Teaching

	Go To Benchmarks…
	Benchmarks for Scientific Literacy, 5D, Habitat
Middle-school and high-school students may believe that organisms are able to effect changes in bodily structure to exploit particular habitats or that they respond to a changed environment by seeking a more favorable environment (Jungwirth, 1975; Clough & Wood-Robinson, 1985a). It has been suggested that the language about adaptation used by teachers or textbooks to make biology more accessible to students may cause or reinforce these beliefs (Jungwirth, 1975).

Benchmarks for Scientific Literacy, 5F, Adaptation: Middle-school and high-school students may have difficulties with the various uses of the word "adaptation" (Clough & Wood-Robinson, 1985a; Lucas, 1971; Brumby, 1979). In everyday usage, individuals adapt deliberately. But in the theory of natural selection, populations change or "adapt" over generations, inadvertently. Students of all ages often believe that adaptations result from some overall purpose or design, or they describe adaptation as a conscious process to fulfill some need or want. Elementary- and middle-school students also tend to confuse non-inherited adaptations acquired during an individual's lifetime with adaptive features that are inherited in a population (Kargbo et al., 1980).


	BENCHMARKS FOR SCIENCE LITERACY
	


	Go to NSES…
	National Science Education Standards, Standard C Essays:  

During the elementary grades, An understanding of the characteristics of organisms, life cycles of organisms, and of the complex interactions among all components of the natural environment begins with questions such as these and an understanding of how individual organisms maintain and continue life. Making sense of the way organisms live in their environments will develop some understanding of the diversity of life and how all living organisms depend on the living and nonliving environment for survival. The experiences and activities in grades K-4 provide a concrete foundation for the progressive development in the later grades of major biological concepts, such as evolution, heredity, the cell, the biosphere, interdependence, the behavior of organisms, and matter and energy in living systems.

In grades K-4, the focus should be on establishing the primary association of organisms with their environments and the secondary ideas of dependence on various aspects of the environment and of behaviors that help various animals survive. Lower elementary students can understand the food link between two organisms.

Grades 5-8:

Understanding adaptation can be particularly troublesome at this level. 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).

Grades 9-12:

Students in grades K-8 should have developed a foundational understanding of life sciences. In grades 9-12, students' understanding of biology will expand by incorporating more abstract knowledge, such as the structure and function of DNA, and more comprehensive theories, such as evolution. Students' understandings should encompass scales that are both smaller, for example, molecules, and larger, for example, the biosphere.

Students have difficulty with the fundamental concepts of evolution. For example, students often do not understand natural selection because they fail to make a conceptual connection between the occurrence of new variations in a population and the potential effect of those variations on the long-term survival of the species. One misconception that teachers may encounter involves students attributing new variations to an organism's need, environmental conditions, or use. With some help, students can understand that, in general, mutations occur randomly and are selected because they help some organisms survive and produce more offspring. Other misconceptions center on a lack of understanding of how a population changes as a result of differential reproduction (some individuals producing more offspring), as opposed to all individuals in a population changing. Many misconceptions about the process of natural selection can be changed through instruction.
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