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Permission is granted to make and distribute copies of this lesson plan for educational use only.

Portland State University’s Museum of Vertebrate Biology houses this unit of 45 skulls.  To borrow these skulls, please contact the Biology Office and ask for the museum curator.  You can make arrangements for checking out and returning this unit free of charge. 
If any of the materials other than the skulls are damaged, we ask that you replace them.  If any of the skulls are damaged, please repair with the glue provided.  If you are not sure how to repair the skull, be sure to tell the curator when you return the unit about the damage.

This unit contains the materials for students to develop testable questions on variation in a population, using the present to understand the past by extrapolation of estimated size of a skull from the size of a tooth, building a phylogenic tree by scoring the skulls, and conduct a study on the biomechanics of xenarthran jaws.  You can guide your students through any and all of these lessons, or your students could ask interesting questions that will take you into another direction completely. 

Included in this kit:


45 crania and mandibles (skulls)


9 jumbo calipers 600mm


15 calipers 150mm


15 student notebooks


1 teacher manual


1 repair kit


6 boards for levers

Concepts:  

Scientific Method - Students will engage in project-based inquiry science by developing testable questions, designing experiments to answer those questions, collect and analyze data, and answer the questions based on graphs developed from the data.

Benchmark(s) Addressed:

Life Science

CCG
Organisms:  Understand the characteristics, structure, and functions of organisms.

SC.03.LS.01
Recognize characteristics that are similar and different between organisms.

SC.05.LS.01
Group or classify organisms based on a variety of characteristics.

SC.05.LS.01.01
Classify a variety of living things into groups using various characteristics.

CCG
Heredity:  Understand the transmission of traits in living things.

SC.03.LS.03
Describe how related plants and animals have similar characteristics.

SC.08.LS.03
Describe how the traits of an organism are passed from generation to generation.

SC.08.LS.03.03
Use simple laws of probability to predict patterns of heredity with the use of Punnett squares.

CCG
Diversity/Interdependence:  Understand the relationships among living things and between living things and their environments.

SC.05.LS.06
Describe how adaptations help a species survive.

SC.05.LS.06.01
Describe changes to the environment that have caused the population of some species to change.

SC.05.LS.06.02
Identify conditions that might cause a species to become endangered or extinct.

SC.08.LS.04
Identify and describe the factors that influence or change the balance of populations in their environment.

SC.08.LS.04.04
Explain the importance of niche to an organism’s ability to avoid direct competition for resources.

SC.08.LS.05
Describe and explain the theory of natural selection as a mechanism for evolution.

SC.08.LS.05.01
Identify and explain how random variations in species can be preserved through natural selection.

SC.08.LS.05.02
Describe how animal and plant structures adapt to environmental change.

Earth and Space Science

CCG
The Dynamic Earth:  Understand changes occurring within the lithosphere, hydrosphere, and atmosphere of the Earth.

SC.05.ES.03
Identify causes of Earth surface changes.

SC.05.ES.03.01
Identify effects of wind and water on Earth materials using appropriate models.

SC.08.ES.03
Describe the Earth's structure and how it changes over time.

SC.08.ES.03.05
Describe the evidence for and the development of the theory of plate tectonics.

Scientific Inquiry

CCG 
Forming the Question/Hypothesis:  Formulate and express scientific questions or hypotheses to be investigated.

SC.03.SI.01
Make observations. Based on these observations, ask questions or form hypotheses, which can be explored through simple investigations. 

SC.05.SI.01
Make observations. Ask questions or form hypotheses based on those observations, which can be explored through scientific investigations. 

SC.08.SI.01
Based on observations and scientific concepts, ask questions or form hypotheses that can be explored through scientific investigations. 

CCG
Designing the Investigation:  Design safe and ethical scientific investigations to address questions or hypotheses. 

SC.03.SI.02
Plan a simple investigation. 

SC.05.SI.02
Design a simple scientific investigation to answer questions or test hypotheses. 

SC.08.SI.02
Design a scientific investigation to answer questions or test hypotheses. 

CCG
Collecting and Presenting Data:  Conduct procedures to collect, organize, and display scientific data. 

SC.03.SI.03
Collect data from an investigation. 

SC.05.SI.03
Collect, organize, and summarize data from investigations. 

SC.08.SI.03
Collect, organize, and display sufficient data to support analysis. 

CCG
Analyzing Data and Interpreting Results:  Analyze scientific information to develop and present conclusions. 

SC.03.SI.04
Use the data collected from an investigation to explain the results. 

SC.05.SI.04
Summarize, analyze, and interpret data from investigations. 

SC.08.SI.04
Summarize and analyze data including possible sources of error. Explain results and offer reasonable and accurate interpretations and implications. 
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Lesson 1:  Sorting and Classifying

Background material retrieved on January 1, 2009 from:

http://en.wikipedia.org/wiki/Sorting
http://en.wikipedia.org/wiki/Wikipedia:Classification

Background Information:

Sorting and classifying are important skills not only in science, but in everyday life. Sorting is a basic thinking skill that helps us organize and understand our surroundings as well as make sense of similar data. In order to sort and classify a group of objects, we must recognize an attribute. An attribute is an idea describing a particular property that a group of objects have in common. For example, you might sort and classify your socks by the color, size, and length.

Sorting is any process of arranging items in some sequence and/or in different sets, and accordingly, it has two common, yet distinct meanings:
1. Ordering: arranging items of the same kind, class, nature, etc. in some ordered sequence,

2. Categorizing: grouping and labeling items with similar properties together (by sorts).

Classifications have two main purposes:
1. They help users understand how the category relates to other categories.

2. They help users jump up to higher levels on the hierarchy. 

Supplies:

· All the skulls

· 1-2 sheet graph paper /student (for sketching skull and recording rules for sorting and classifying)

· pencils

· student notebooks

Procedure:

· Gather materials.  For the skulls, if you do not want to use the xenarthran skulls in this unit, you can borrow them from a college or university biology department, your school district may have skulls that you could borrow, or if you have grant funds, you can purchase them from a company like Skulls Unlimited (they have many reasonably priced species).

· Place the skulls in the center of the room, where all the students can easily see them.  

· Ask the students to divide the skulls into two groups based on the similarities and/or differences.  Do not give them any clues about how to divide, but record what rules they have selected to divide them (for example, large or small size).  

· Ask the students to divide the skulls, using a different set of criteria.  Again, do not give them any clues about how to sort them.  Record the rules they selected for the second set of criteria (for example, cylindrical or rounded head shapes).

· Ask the students to divide the skulls into two groups for a third time, again using a different set of criteria.  Record the rules they selected for the third set of criteria (for example, simple teeth or pattern teeth).

· Divide the students into two groups, and assign each group to one of the sorted skulls groups.  Ask them to sort the skulls in their group, and record the rules for the sorting, just as you have been doing on the board.  When each team has finished sorting, ask the recorder to write their rule on the board.

· Divide the students into 4 groups, and assign each group to one of the sorted skull groups.  Ask them to sort the skulls in their group, and record the rules for sorting, just as you have been doing on the board.  When each team has finished sorting, ask the recorder to write their rule on the board.

· Ask the class to come back together as a whole and examine each group of skulls.  Looking at them, do the students agree that the skulls are sorted based on reasonable criteria, and it looks like a “natural” grouping (meaning that the skulls all are very similar in each group, and different than the skulls of other groups).

· If any skull looks out of place, review the rules, and place it where the class agrees it belongs.

· Reveal to the students that scientists group on agreed criteria.  Check to see if your class agrees with the scientific classifications:

· Ground sloths or ground and tree sloths

· Tree sloths, if not grouped with the ground sloths

· Anteaters or anteaters and echidna (the echnida is a monotreme, and not closely related, but your students may classify using teeth as a rule, and that would place these skulls together)

· Armadillos and pampatheres (giant extinct armadillos)

· Glyptodons (the glyptodon skulls maybe grouped with the armadillo skulls)

· Virginia opossum skulls

· As a class, discuss the differences, and then group them as scientists group them.  

· Do you agree or disagree with the scientists?

The intent of this lesson is to allow the students to think about the animals, and become familiar with the specimens they will be using throughout this unit.

· Ask students to read the myths, stories and legends found in the student notebook.

Lesson 2:  Variation in a Population

Background material retrieved on January 1, 2009 from:

http://en.wikipedia.org/wiki/Natural_selection

Reading Venier Caliper

http://www.upscale.utoronto.ca/PVB/Harrison/Vernier/Vernier.html

Background Information:

Natural selection is the process by which favorable heritable traits become more common in successive generations of a population of reproducing organisms, and unfavorable heritable traits become less common, due to differential reproduction of genotypes (the DNA sequences, or genes). Natural selection acts on the phenotype, or the observable characteristics of an organism, such that individuals with favorable phenotypes (the results of expressed genes – or the physical characteristics) are more likely to survive and reproduce than those with less favorable phenotypes. The phenotype's genetic basis, the genotype associated with the favorable phenotype, will increase in frequency over the following generations. Over time, this process may result in adaptations that specialize organisms for particular ecological niches and may eventually result in the emergence of new species. In other words, natural selection is the mechanism by which evolution may take place within a given population of organisms.

Natural selection is one of the cornerstones of modern biology. The term was introduced by Charles Darwin in his groundbreaking 1859 book The Origin of Species in which natural selection was described by analogy to artificial selection, a process by which animals with traits considered desirable by human breeders are systematically favored for reproduction. The concept of natural selection was originally developed in the absence of a valid theory of inheritance; at the time of Darwin's writing, nothing was known of modern genetics. Although Gregor Mendel, the father of modern genetics, was a contemporary of Darwin's, his work would lie in obscurity until the early 20th century. The union of traditional Darwinian evolution with subsequent discoveries in classical and molecular genetics is termed the modern evolutionary synthesis. Although other mechanisms of molecular evolution, such as the neutral theory advanced by Motoo Kimura, have been identified as important causes of genetic diversity, natural selection remains the single primary explanation for adaptive evolution.

[image: image8.jpg]



Darwin's illustrations of beak variation in the finches of the Galápagos Islands, which hold 13 closely related species that differ most markedly in the shape of their beaks. The beak of each species is suited to its preferred food, suggesting that beak shapes evolved by natural selection. See also character displacement, adaptive radiation, divergent evolution.

Natural selection acts on an organism's phenotype, or physical characteristics. Phenotype is determined by an organism's genetic make-up (genotype) and the environment in which the organism lives. Often, natural selection acts on specific traits of an individual, and the terms phenotype and genotype are used narrowly to indicate these specific traits.

When different organisms in a population possess different versions of a gene for a certain trait, each of these versions is known as an allele. It is this genetic variation that underlies phenotypic traits. A typical example is that certain combinations of genes for eye color in humans which, for instance, give rise to the phenotype of blue eyes. (On the other hand, when all the organisms in a population share the same allele for a particular trait, and this state is stable over time, the allele is said to be fixed in that population.)

Some traits are governed by only a single gene, but most traits are influenced by the interactions of many genes. A variation in one of the many genes that contributes to a trait may have only a small effect on the phenotype; together, these genes can produce a continuum of possible phenotypic values. 

The term "natural selection" has different definitions in different contexts. In simple terms, "natural selection" is most often defined to operate on heritable traits, but can sometimes refer to the differential reproductive success of phenotypes regardless of whether those phenotypes are heritable. Natural selection is "blind" in the sense that individuals' level of reproductive success is a function of the phenotype and not of whether or to what extent that phenotype is heritable. Following Darwin's primary usage the term is often used to refer to both the consequence of blind selection and to its mechanisms. It is sometimes helpful to explicitly distinguish between selection's mechanisms and its effects; when this distinction is important, scientists define "natural selection" specifically as "those mechanisms that contribute to the selection of individuals that reproduce," without regard to whether the basis of the selection is heritable. This is sometimes referred to as 'phenotypic natural selection.'

Traits that cause greater reproductive success of an organism are said to be selected for whereas those that reduce success are selected against. Selection for a trait may also result in the selection of other correlated traits that do not themselves directly influence fitness. This may occur as a result of pleiotropy or gene linkage. 
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The concept of fitness is central to natural selection. However, as with Natural selection above, there is serious divergence of opinion over the precise meaning of the term, and Richard Dawkins manages in his later books to avoid it entirely. (He devotes a chapter of his The Extended Phenotype to discussing the various senses in which the term is used.) Although fitness is sometimes colloquially understood as a quality that promotes survival of a particular individual - as illustrated in the well-known phrase survival of the fittest - modern evolutionary theory defines fitness in terms of individual reproduction. The basis of this approach is: if an organism lives half as long as others of its species, but has twice as many offspring surviving to productive adulthood, its genes will become more common in the adult population of the next generation. This is known as differential reproduction.

Though natural selection acts on individuals, its average effect on all individuals with a particular genotype corresponds to the fitness of that genotype. Very low-fitness genotypes cause their bearers to have few or no offspring on average; examples include many human genetic disorders like cystic fibrosis. Conditions like sickle-cell anemia may have low fitness in the general human population, but because it confers immunity from malaria, it has high fitness value in populations which have high malaria infection rates. Broadly speaking, an organism's fitness is a function of its alleles' fitnesses. Since fitness is an averaged quantity, however, it is possible a favorable mutation may arise in an individual that does not survive to adulthood for unrelated reasons.

Natural selection can act on any phenotypic trait, and selective pressure can be produced by any aspect of the environment, including mates and conspecifics, or members of the same species. However, this does not imply that natural selection is always directional and results in adaptive evolution; natural selection often results in the maintenance of the status quo by eliminating less fit variants.
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The unit of selection can be the individual or it can be another level within the hierarchy of biological organisation, such as genes, cells, and kin groups. There is still debate about whether natural selection acts at the level of groups or species to produce adaptations that benefit a larger, non-kin group. Selection at a different level such as the gene can result in an increase in fitness for that gene, while at the same time reducing the fitness of the individuals carrying that gene, in a process called intragenomic conflict. Overall, the combined effect of all selection pressures at various levels determines the overall fitness of an individual, and hence the outcome of natural selection.

Natural selection occurs at every life stage of an individual. An individual organism must survive until adulthood before it can reproduce, and selection of those that reach this stage is called viability selection. In many species, adults must compete with each other for mates via sexual selection, and success in this competition determines who will parent the next generation. When individuals can reproduce more than once, a longer survival in the reproductive phase increases the number of offspring, called survival selection. The fecundity of both females and males (for example, giant sperm in certain species of Drosophila) can be limited via fecundity selection. The viability of produced gametes can differ, while intragenomic conflicts such as meiotic drive between the haploid gametes can result in gametic or genic selection. Finally, the union of some combinations of eggs and sperm might be more compatible than others; this is termed compatibility selection.

It is also useful to make a mechanistic distinction between ecological selection and the narrower term sexual selection. Ecological selection covers any mechanism of selection as a result of the environment (including relatives, e.g. kin selection, and conspecifics, e.g. competition, infanticide), while sexual selection refers specifically to competition between conspecifics for mates. Sexual selection can be intrasexual, as in cases of competition among individuals of the same sex in a population, or intersexual, as in cases where one sex controls reproductive access by choosing among a population of available mates. Most commonly, intrasexual selection involves male-male competition and intersexual selection involves female choice of suitable males, due to the generally greater investment of resources for a female than a male in a single offspring organism. However, some species exhibit sex-role reversed behavior in which it is males that are most selective in mate choice; the best-known examples of this pattern occur in some fishes of the family Syngnathidae, though likely examples have also been found in amphibian and bird species. Some features that are confined to one sex only of a particular species can be explained by selection exercised by the other sex in the choice of a mate, for example, the extravagant plumage of some male birds. Similarly, aggression between members of the same sex is sometimes associated with very distinctive features, such as the antlers of stags, which are used in combat with other stags. More generally, intrasexual selection is often associated with sexual dimorphism, including differences in body size between males and females of a species. 

Schematic representation of how antibiotic resistance is enhanced by natural selection. The top section represents a population of bacteria before exposure to an antibiotic. The middle section shows the population directly after exposure, the phase in which selection took place. The last section shows the distribution of resistance in a new generation of bacteria. The legend indicates the resistance levels of individuals.

A well-known example of natural selection in action is the development of antibiotic resistance in microorganisms. Since the discovery of penicillin in 1928 by Alexander Fleming, antibiotics have been used to fight bacterial diseases. Natural populations of bacteria contain, among their vast numbers of individual members, considerable variation in their genetic material, primarily as the result of mutations. When exposed to antibiotics, most bacteria die quickly, but some may have mutations that make them slightly less susceptible. If the exposure to antibiotics is short, these individuals will survive the treatment. This selective elimination of maladapted individuals from a population is natural selection.

These surviving bacteria will then reproduce again, producing the next generation. Due to the elimination of the maladapted individuals in the past generation, this population contains more bacteria that have some resistance against the antibiotic. At the same time, new mutations occur, contributing new genetic variation to the existing genetic variation. Spontaneous mutations are very rare, and advantageous mutations are even rarer. However, populations of bacteria are large enough that a few individuals will have beneficial mutations. If a new mutation reduces their susceptibility to an antibiotic, these individuals are more likely to survive when next confronted with that antibiotic. Given enough time, and repeated exposure to the antibiotic, a population of antibiotic-resistant bacteria will emerge.

The widespread use and misuse of antibiotics has resulted in increased microbial resistance to antibiotics in clinical use, to the point that the methicillin-resistant Staphylococcus aureus (MRSA) has been described as a 'superbug' because of the threat it poses to health and its relative invulnerability to existing drugs. Response strategies typically include the use of different, stronger antibiotics; however, new strains of MRSA have recently emerged that are resistant even to these drugs. This is an example of what is known as an evolutionary arms race, in which bacteria continue to develop strains that are less susceptible to antibiotics, while medical researchers continue to develop new antibiotics that can kill them. A similar situation occurs with pesticide resistance in plants and insects. Arms races are not necessarily induced by man; a well-documented example involves the elaboration of the RNA interference pathway in plants as means of innate immunity against viruses. 

When some component of a trait is heritable, selection will alter the frequencies of the different alleles, or variants of the gene that produces the variants of the trait. Selection can be divided into three classes, on the basis of its effect on allele frequencies. 

Directional selection occurs when a certain allele has a greater fitness than others, resulting in an increase in frequency of that allele. This process can continue until the allele is fixed and the entire population shares the fitter phenotype. It is directional selection that is illustrated in the antibiotic resistance example above.

Far more common is stabilizing selection (also known as purifying selection), which lowers the frequency of alleles that have a deleterious effect on the phenotype - that is, produce organisms of lower fitness. This process can continue until the allele is eliminated from the population. Purifying selection results in functional genetic features, such as protein-coding genes or regulatory sequences, being conserved over time due to selective pressure against deleterious variants.

Finally, a number of forms of balancing selection exist, which do not result in fixation, but maintain an allele at intermediate frequencies in a population. This can occur in diploid species (that is, those that have two pairs of chromosomes) when heterozygote individuals, who have different alleles on each chromosome at a single genetic locus, have a higher fitness than homozygote individuals that have two of the same alleles. This is called heterozygote advantage or overdominance, of which the best-known example is the malarial resistance observed in heterozygous humans who carry only one copy of the gene for sickle cell anemia. Maintenance of allelic variation can also occur through disruptive or diversifying selection, which favors genotypes that depart from the average in either direction (that is, the opposite of overdominance), and can result in a bimodal distribution of trait values. Finally, balancing selection can occur through frequency-dependent selection, where the fitness of one particular phenotype depends on the distribution of other phenotypes in the population. The principles of game theory have been applied to understand the fitness distributions in these situations, particularly in the study of kin selection and the evolution of reciprocal altruism. 

A portion of all genetic variation is functionally neutral in that it produces no phenotypic effect or significant difference in fitness; the hypothesis that this variation accounts for a large fraction of observed genetic diversity is known as the neutral theory of molecular evolution and was originated by Motoo Kimura. Neutral variation was once thought to encompass most of the genetic variation in non-coding DNA, which was hypothesized to be composed of "junk DNA". However, more recently, the functional roles of non-coding DNA, such as the regulatory and developmental functions of RNA gene products, has been studied in depth; large parts of non-protein-coding DNA sequences are highly conserved under strong purifying selection and thus do not vary much from individual to individual, indicating that mutations in these regions have deleterious consequences. When genetic variation does not result in differences in fitness, selection cannot directly affect the frequency of such variation. As a result, the genetic variation at those sites will be higher than at sites where variation does influence fitness. 

Natural selection results in the reduction of genetic variation through the elimination of maladapted individuals and consequently of the mutations that caused the maladaptation. At the same time, new mutations occur, resulting in a mutation-selection balance. The exact outcome of the two processes depends both on the rate at which new mutations occur and on the strength of the natural selection, which is a function of how unfavorable the mutation proves to be. Consequently, changes in the mutation rate or the selection pressure will result in a different mutation-selection balance.

Genetic linkage occurs when the loci of two alleles are linked, or in close proximity to each other on the chromosome. During the formation of gametes, recombination of the genetic material results in reshuffling of the alleles. However, the chance that such a reshuffle occurs between two alleles depends on the distance between those alleles; the closer the alleles are to each other, the less likely it is that such a reshuffle will occur. Consequently, when selection targets one allele, this automatically results in selection of the other allele as well; through this mechanism, selection can have a strong influence on patterns of variation in the genome.

Selective sweeps occur when an Allele becomes more common in a population as a result of positive selection. As the prevalence of one allele increases, linked Alleles can also become more common, whether they are neutral or even slightly deleterious. This is called genetic hitchhiking. A strong selective sweep results in a region of the genome where the positively selected haplotype (the allele and its neighbours) are essentially the only ones that exist in the population.

Whether a selective sweep has occurred or not can be investigated by measuring linkage disequilibrium, or whether a given haplotype is overrepresented in the population. Normally, genetic recombination results in a reshuffling of the different alleles within a haplotype, and none of the haplotypes will dominate the population. However, during a selective sweep, selection for a specific allele will also result in selection of neighbouring alleles. Therefore, the presence of strong linkage disequilibrium might indicate that there has been a 'recent' selective sweep, and this can be used to identify sites recently under selection.

Background selection is the opposite of a selective sweep. If a specific site experiences strong and persistent purifying selection, linked variation will tend to be weeded out along with it, producing a region in the genome of low overall variability. Because background selection is a result of deleterious new mutations, which can occur randomly in any haplotype, it produces no linkage disequilibrium.

A prerequisite for natural selection to result in adaptive evolution, novel traits and speciation, is the presence of heritable genetic variation that results in fitness differences. Genetic variation is the result of mutations, recombinations and alterations in the karyotype (the number, shape, size and internal arrangement of the chromosomes). Any of these changes might have an effect that is highly advantageous or highly disadvantageous, but large effects are very rare. In the past, most changes in the genetic material were considered neutral or close to neutral because they occurred in noncoding DNA or resulted in a synonymous substitution. However, recent research suggests that many mutations in non-coding DNA do have slight deleterious effects. Although both mutation rates and average fitness effects of mutations are dependent on the organism, estimates from data in humans have found that a majority of mutations are slightly deleterious. 
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The exuberant tail of the peacock is thought to be the result of sexual selection by females. This peacock is an albino - it carries a mutation that makes it unable to produce melanin. Selection against albinos in nature is intense because they are easily spotted by predators or are unsuccessful in competition for mates, and so these mutations are usually rapidly eliminated by natural selection.
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By the definition of fitness, individuals with greater fitness are more likely to contribute offspring to the next generation, while individuals with lesser fitness are more likely to die early or fail to reproduce. As a result, alleles which on average result in greater fitness become more abundant in the next generation, while alleles which generally reduce fitness become rarer. If the selection forces remain the same for many generations, beneficial alleles become more and more abundant, until they dominate the population, while alleles with a lesser fitness disappear. In every generation, new mutations and recombinations arise spontaneously, producing a new spectrum of phenotypes. Therefore, each new generation will be enriched by the increasing abundance of alleles that contribute to those traits that were favored by selection, enhancing these traits over successive generations.

X-ray of the left hand of a ten year old boy with polydactyly.

Some mutations occur in so-called regulatory genes. Changes in these can have large effects on the phenotype of the individual because they regulate the function of many other genes. Most, but not all, mutations in regulatory genes result in non-viable zygotes. Examples of nonlethal regulatory mutations occur in HOX genes in humans, which can result in a cervical rib or polydactyly, an increase in the number of fingers or toes. When such mutations result in a higher fitness, natural selection will favor these phenotypes and the novel trait will spread in the population.

Established traits are not immutable; traits that have high fitness in one environmental context may be much less fit if environmental conditions change. In the absence of natural selection to preserve such a trait, it will become more variable and deteriorate over time, possibly resulting in a vestigial manifestation of the trait. In many circumstances, the apparently vestigial structure may retain a limited functionality, or may be co-opted for other advantageous traits in a phenomenon known as preadaptation. A famous example of a vestigial structure, the eye of the blind mole rat, is believed to retain function in photoperiod perception. 

Speciation requires selective mating, which result in a reduced gene flow. Selective mating can be the result of, for example, a change in the physical environment (physical isolation by an extrinsic barrier), or by sexual selection resulting in assortative mating. Over time, these subgroups might diverge radically to become different species, either because of differences in selection pressures on the different subgroups, or because different mutations arise spontaneously in the different populations, or because of founder effects - some potentially beneficial alleles may, by chance, be present in only one or other of two subgroups when they first become separated. A lesser-known mechanism of speciation occurs via hybridization, well-documented in plants and occasionally observed in species-rich groups of animals such as cichlid fishes. Such mechanisms of rapid speciation can reflect a mechanism of evolutionary change known as punctuated equilibrium, which suggests that evolutionary change and particularly speciation typically happens quickly after interrupting long periods of stasis.

Genetic changes within groups result in increasing incompatibility between the genomes of the two subgroups, thus reducing gene flow between the groups. Gene flow will effectively cease when the distinctive mutations characterizing each subgroup become fixed. As few as two mutations can result in speciation: if each mutation has a neutral or positive effect on fitness when they occur separately, but a negative effect when they occur together, then fixation of these genes in the respective subgroups will lead to two reproductively isolated populations. According to the biological species concept, these will be two different species.

Supplies:

· 15-30 skulls of the same species

· student notebooks

· 1 pair caliper/student or pair of students

· 1 data sheet/student or pair of students

· 1 computer/student or pair of students 

· 1-2 sheet graph paper /student (for sketching skull and if you choose to develop graphs by hand)

· pencils

· 1 checker/student or pair of students (need to be identical)

· 1 student handout on the caliper and skulls/student

· 1 ruler/student

· Optional – overhead projector with picture of caliper on transparency or computer projector system.

Procedure:

· Gather materials.  For the skulls, if you do not want to use the xenarthran skulls in this unit, you can borrow them from a college or university biology department, your school district may have skulls that you could borrow, or if you have grant funds, you can purchase them from a company like Skulls Unlimited (they have many reasonably priced species).

· Distribute one skull to each student.

· Ask students to sketch the skull, noting the number of teeth, the different processes (bumps) and foramina (holes).  Ask the students to guess what species they think the skull is.  Discuss their reasoning.

· Reveal the true identify of the skull.  Ask the students if all of the skulls are exactly the same?  Biologists work with variation in a population and must understand what the variation is.

· Distribute the calipers.  You can copy the photograph of the caliper on a transparency if you have an overhead projector.  If you have a computer projector, use the website (http://www.upscale.utoronto.ca/PVB/Harrison/Vernier/Vernier.html.)  

· Ask the students to open the caliper to 2.54 cm (about 1 inch) using a ruler.  As the students if it is exactly 1.”  Are they sure that it is EXACT?  Calipers can help scientists to measure very precisely.  Hand out the vernier caliper handout.

· Go through the directions for reading the main ruler and the vernier scale.  

· Hand out the checkers, and for practice, ask the students to measure the diameter and the thickness of the checker.  If you measure one, then you will have the correct answer.

· When students become proficient at reading the vernier caliper, tell the students that we will now measure the total length of the skull (from nose to braincase) and the width of the skull at the broadest part of the zygomatic arch (cheekbones).

· Each student measures all of the skulls.  You can have them rotate through the entire class.

· When each student has completed the measurements, he/she will build a histogram on just the skull length to examine the variation in their population.  (Directions for Excel are below)

· After they have completed the histogram, ask the students to develop a scatter plot with the x axis as the skull length and the y axis as the skull width.  

· Ask the students to write a paragraph explaining each graph.  Each graph tells a different story about the skulls.

How to build a Histogram: 

Students need to transfer their data from their data collection sheets to a worksheet in Excel.

	Length
	Width
	Number
	Species
	Common name

	88.40
	52.90
	4026
	Dasypus novemcinctus
	nine-banded armadillo

	91.20
	57.65
	4032
	Dasypus novemcinctus
	nine-banded armadillo

	93.90
	54.15
	4030
	Dasypus novemcinctus
	nine-banded armadillo

	94.70
	50.95
	4036
	Dasypus novemcinctus
	nine-banded armadillo

	95.30
	56.05
	4040
	Dasypus novemcinctus
	nine-banded armadillo

	97.00
	59.70
	4033
	Dasypus novemcinctus
	nine-banded armadillo

	97.20
	53.60
	4035
	Dasypus novemcinctus
	nine-banded armadillo

	97.90
	56.30
	4027
	Dasypus novemcinctus
	nine-banded armadillo

	98.00
	47.40
	4038
	Dasypus novemcinctus
	nine-banded armadillo

	98.10
	64.65
	4037
	Dasypus novemcinctus
	nine-banded armadillo

	98.40
	55.55
	4034
	Dasypus novemcinctus
	nine-banded armadillo

	99.20
	66.55
	4039
	Dasypus novemcinctus
	nine-banded armadillo

	100.00
	49.85
	4028
	Dasypus novemcinctus
	nine-banded armadillo

	100.20
	52.60
	4029
	Dasypus novemcinctus
	nine-banded armadillo

	104.10
	68.05
	4031
	Dasypus novemcinctus
	nine-banded armadillo

	96.91
	56.40
	average
	
	 


	Bins
	# specimens

	88 to 91
	1

	91 to 94
	2

	94 to 97
	3

	97 to 100
	7

	100 to 103
	2

	103 to 106
	1


A histogram can be constructed by segmenting the range of the data into equal sized bins (also called segments, groups or classes). For example, if your data ranges from 88.4 to 104.1, you could have 6 equal bins of 3 consisting of (88.01 to 91) (91.01 to 94) (94.01 to 97) (97.01 to 100) (100.01 to 103) (103.01 to 106).  Note that the graph doesn’t include the .01 but it is implied.  Set up your data on your Excel spreadsheet as the example on the left.  

Count the number of data points that reside within each bin (i.e. the specimens that fall within the range) and construct the histogram. The user (you) defines the size of the bins, by some common rule.  Students can play around with the number of bins to find the optimum to display their data.  That means determine the number of bins (how are you going to evenly divide the smallest to largest skull).  Then count how many specimens fit into each bin.

Excel will allocate bin divisions, but they are very artificial, and the data never look right.  It might take a couple of trial and errors to find the right bin size for your data, but it really is better when you do it.

To build the histogram in Excel, select “Graphs” in the “Insert” menu or the icon for building graphs.  Select “Bar Graphs.”  When the menu prompts you for the data range, select both of the columns pictured above.  On the next menu prompt, add your graph title and the axes labels.  All the other menu prompts are for the bells and whistles, and you can make the graph look the way you want.
The vertical axis of the histogram is labeled Frequency (Number of Specimens), and the horizontal axis of the histogram is labeled with the range of your response variable (Length of Skulls in mm).
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What does the histogram provide?

· The most common system response. (97 to 100mm)

· The distribution (center, variation and shape) of the data? 

· If the data look symmetric or are they skewed to the left or right? (skewed slightly to the left, but that could be just the low numbers of specimens in our sample)

· Do data contain outliers?  If you had a skull that was 84.3, that would be very obvious.  You could then verify if the skull belonged to a juvenile, or if it is actually just an outlier.
How to build a scatterplot in Excel (The example is bogus data):
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Select “Graphs” in the “Insert” menu or the icon for building graphs.  Select “XY Scatter.”  You want the first scatterplot, the one without the lines.  On step 2 of 4, the menu will prompt you for the data range.  Pick the tab “Data Range.” Click in the Data Range space, and then you can select the columns you want to include in the graph.  If you have an average column (as there is in this example) do not select that.  Only select the measurements.
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On the next menu (page 3 of 4) you can remove the unnecessary “Series” and the legend box.  Add the graph title and the axes labels.  
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Skulls

Dasypus novemcinctus (nine-banded armadillo)
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Reading a Vernier
From: http://www.upscale.utoronto.ca/PVB/Harrison/Vernier/Vernier.html

	A Vernier allows a precise reading of some value. In the figure to the right, the vernier moves up and down to measure a position on the Scale. 

The "pointer" is the line on the vernier labeled "0". Thus the measured position is almost exactly 756 and the units (e.g. mm, psi, mg, etc.).

If you look closely you will see that the distance between the divisions on the vernier are not the same as the divisions on the scale. The 0 line on the vernier lines up at 756 on the scale, but the 10 line on the vernier lines up at 765 on the scale. Thus the distance between the divisions on the vernier are 90% of the distance between the divisions on the scale.
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	If we do another reading with the vernier at a different position, the pointer, the line marked 0, may not line up exactly with one of the lines on the scale. Here the "pointer" lines up at approximately 756.5 on the scale.

If you look you will see that only one line on the vernier lines up exactly with one of the lines on the scale, the 5 line. This means that our first guess was correct: the reading is 756.5.
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Reading a Venier Scale
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http://www.southalabama.edu/physics/lab_setup/ph114_201/caliper%20(Small).jpg

1. Find the “0” on the vernier scale.  

2. The main ruler will give you the first reading, lined up above the “0” on the vernier scale.  It is 8 point something. (8._).

3. To find the point something, find the vernier scale line that best fits on the main ruler.  It is on the line between the .6 and the .7.  The little lines between are .05, so 0.65.

4. The final answer is 8.65mm.

Lesson 3:  The Present Is a Key to the Past

Background material retrieved on January 1, 2009 from:

http://en.wikipedia.org/wiki/Uniformitarianism_%28science%29

Background Information:

Uniformitarianism, in the philosophy of science, assumes that the same natural processes that operate in the universe now, have always operated in the universe in the past, and at the same rates; and that the same laws of physics apply everywhere in the universe. Its methodology is frequently summarized as "the present is the key to the past," because it holds that all things continue as they were from the beginning of the world.

The concept of uniformity in geological processes can be traced back to the Persian geologist, Avicenna (Ibn Sina), in The Book of Healing, published in 1027. Modern uniformitarianism was formulated by Scottish naturalists in the late 18th century, starting with the work of the geologist, James Hutton, which was refined by John Playfair and popularised by Charles Lyell's Principles of Geology in 1830. The term uniformitarianism was coined by William Whewell, who also coined the term catastrophism for the idea that the Earth was shaped by a series of sudden, short-lived, violent events. 

The concept of uniformitarianism in geology was first proposed in the 11th century by the Persian geologist, Avicenna (Ibn Sina, 980-1037), who provided the first uniformitarian explanations for geological processes in The Book of Healing (1027). He observed that mountains were formed after a long sequence of events that predate human existence. While discussing the formation of mountains, he explained:

"Either they are the effects of upheavals of the crust of the earth, such as might occur during a violent earthquake, or they are the effect of water, which, cutting itself a new route, has denuded the valleys, the strata being of different kinds, some soft, some hard... It would require a long period of time for all such changes to be accomplished, during which the mountains themselves might be somewhat diminished in size." 

Later in the 11th century, the Chinese naturalist, Shen Kuo, also recognized the concept of 'deep time'. After The Book of Healing was translated into Latin in the 12th century, a few other scientists also reasoned in uniformitarian terms. 


Hutton's Unconformity at Jedburgh. 
A photograph shows the current scene (2003), 
below John Clerk of Eldin's illustration of 1787.

Cliff at the east of Siccar Point showing the near-horizontal red sandstone layers above vertically tilted greywacke rocks.

The earlier conceptions likely had little influence on 18th century European geological explanations for the formation of the Earth. Abraham Gottlob Werner proposed Neptunism where strata were deposits from shrinking seas precipitated onto primordial rocks such as granite. An opposing idea was set out in 1785 by James Hutton, who proposed a self-maintaining infinite cycle. 

· The solid parts of the present land appear in general, to have been composed of the productions of the sea, and of other materials similar to those now found upon the shores. Hence we find reason to conclude:

· 1st, That the land on which we rest is not simple and original, but that it is a composition, and had been formed by the operation of second causes.

· 2nd, That before the present land was made, there had subsisted a world composed of sea and land, in which were tides and currents, with such operations at the bottom of the sea as now take place. And,

· Lastly, That while the present land was forming at the bottom of the ocean, the former land maintained plants and animals; at least the sea was than inhabited by animals, in a similar manner as it is at present.

· Hence we are led to conclude, that the greater part of our land, if not the whole had been produced by operations natural to this globe; but that in order to make this land a permanent body, resisting the operations of the waters, two things had been required;

· 1st, The consolidation of masses formed by collections of loose or incoherent materials;

· 2ndly, The elevation of those consolidated masses from the bottom of the sea, the place where they were collected, to the stations in which they now remain above the level of the ocean. 

Hutton then sought evidence to support his idea that there must have been repeated cycles, each involving deposition on the seabed, uplift with tilting and erosion then undersea again for further layers to be deposited. At Glen Tilt in the Cairngorm Mountains he found granite penetrating metamorphic schists, in a way which indicated to him that the presumed primordial rock had been molten after the strata had formed. He had read about angular unconformities as interpreted by Neptunists, and found Hutton's Unconformity at Jedburgh where layers of greywacke in the lower layers of the cliff face have been tilted almost vertically before being eroded to form a level plane, under horizontal layers of Old Red Sandstone. In the Spring of 1788 he took a boat trip along the Berwickshire coast with John Playfair and the geologist Sir James Hall, and found a dramatic unconformity showing the same sequence at Siccar Point. Playfair later recalled that "the mind seemed to grow giddy by looking so far into the abyss of time," and Hutton concluded a 1788 paper he presented at the Royal Society of Edinburgh, later rewritten as a book, with the phrase "we find no vestige of a beginning, no prospect of an end." 

Both Playfair and Hall wrote their own books on the theory, and for decades there was a robust debate between Hutton's supporters and the Neptunists. Georges Cuvier's paleontological work in the 1790s, which established the reality of extinction, explained this by local catastrophes, after which other fixed species repopulated the affected areas. In Britain, geologists adapted this idea into "diluvial theory" which proposed repeated worldwide annihilation and creation of new fixed species adapted to a changed environment, initially identifying the most recent catastrophe as the biblical flood. 

From 1830 to 1833 Charles Lyell's multi-volume Principles of Geology was published. The work's subtitle was "An attempt to explain the former changes of the Earth's surface by reference to causes now in operation". He drew his explanations from field studies conducted directly before he went to work on the founding geology text, and developed Hutton's idea that the earth was shaped entirely by slow-moving forces still in operation today, acting over a very long period of time. The terms uniformitarianism for this idea, and catastrophism for the opposing viewpoint, were coined by William Whewell in a review of Lyell's book. Principles of Geology was the most influential geological work in the middle of the 19th century, and did much to put geology on a modern footing.

Uniformitarianism is a basic principle of modern geology. It was originally proposed in contrast to catastrophism, which states that the distant past "consisted of epochs of paroxysmal and catastrophic action interposed between periods of comparative tranquility." Especially in the late 19th and early 20th centuries, a number of geologists took this interpretation to mean that catastrophic events are not important in geologic time; one example of this is the debate of the formation of the Channeled Scablands due to the catastrophic Missoula glacial outburst floods. An important result of this debate and others was the re-clarification that, while the same principles operate in geologic time, catastrophic events that are infrequent on human time-scales can have important consequences in geologic history.

“Geologists do not deny uniformitarianism in its true sense, that is to say, of interpreting the past by means of the processes that are seen going on at the present day, so long as we remember that the periodic catastrophe is one of those processes. Those periodic catastrophes make more showing in the stratigraphical record than we have hitherto assumed.” 

Even Charles Lyell thought that ordinary geological processes would cause Niagara Falls to move upstream to Lake Erie within 10,000 years, leading to catastrophic flooding of a large part of North America.

Unlike Lyell, modern geologists do not apply uniformitarianism in the same way. They question if rates of processes were uniform through time and only those values measured during the history of geology are to be accepted. The present may not be a long enough key to penetrate the deep lock of the past. Geologic processes may have been active at different rates in the past that humans have not witnessed. “By force of popularity, uniformity of rate has persisted to our present day. For more than a century, Lyell’s rhetoric conflating axiom with hypotheses has descended in unmodified form. Many geologists have been stifled by the belief that proper methodology includes an a priori commitment to gradual change, and by a preference for explaining large-scale phenomena as the concatenation of innumerable tiny changes.” 

Thus the current scientific consensus is that Earth's history is a slow, gradual process punctuated by occasional natural catastrophic events that have affected Earth and its inhabitants. In practice it is reduced from Lyell's conflation to simply the two philosophical assumptions. This is also known as the principle of actualism (geology), which states that all past geological action was like all present geological action. The principle of actualism is the cornerstone of paleoecology.

According to Reijer Hooykaas (1963), uniformitarianism is a family of four related propositions, not a single idea: 

· Uniformity of law – the laws of nature are constant.

· Uniformity of methodology – the appropriate hypotheses for explaining the geological past are those with analogy today.

· Uniformity of kind – past and present causes are all of the same kind, have the same energy, and produce the same effects.

· Uniformity of degree – geological circumstances have not changed over time.

None of these connotations requires another, and they are not all equally inferred by uniformitarians. 

Stephen Jay Gould's first scientific paper, Is uniformitarianism necessary? (1965), reduced these four interpretations to two, methodological and substantive uniformitarianism. He dismissed the first principle, which asserted spatial and temporal invariance of natural laws, as no longer an issue of debate. He rejected the second as an unjustified limitation on scientific inquiry, as it constrains past geologic rates and conditions to those of the present. Later, Gould expanded on these related propositions in Time's Arrow, Time's Cycle (1987), stating that Lyell conflated two different types of propositions: a pair of methodological assumptions with a pair of substantive hypotheses. 

Methodological assumptions:

· Uniformity of law: Natural laws are constant across space and time. 

· Uniformity of process: If a past phenomenon can be understood as the result of a process now acting in time and space, do not invent an extinct or unknown cause as its explanation. 

Substantive hypotheses:

· Uniformity of rate: Change is typically slow, steady, and gradual. 

· Uniformity of state: Change is evenly distributed throughout space and time. 

The methodological assumptions are universally acclaimed by scientists, and embraced by all geologists. Gould further states that these philosophical propositions must be assumed before you can proceed as a scientist doing science. "You cannot go to a rocky outcrop and observe either the constancy of nature's laws or the working of unknown processes. It works the other way around." You first assume these propositions and "then you go to the out crop of rock." 

The axiom of uniformity of law is necessary in order for scientists to extrapolate inductive inference into the unobservable past. As James Hutton wrote: “If the stone, for example, which fell today, were to rise again tomorrow, there would be an end of natural philosophy [i.e. science], our principles would fail, and we would no longer investigate the rules of nature from our observations.” In essence, the constancy of natural laws must be assumed in our study of the past, because if we do not, then we cannot meaningfully study the past. Making inferences about the past is wrapped up in the difference between studying the observable present and the unobservable past. In the observable present, induction can be regarded as self-corrective. That is to say, our erroneous beliefs about the observable world can be proven wrong and corrected by other observations. This is Popper's principle of falsifiability. However, past processes are not observable by their very nature. Therefore, in order to come to conclusions about the past, we must assume the invariance of nature's laws. 

“We should try to explain the past by causes now in operation without inventing extra, fancy, or unknown causes, however plausible in logic, if available processes suffice.” This is known as the scientific principle of parsimony or Occam's razor.

The substantive hypotheses were controversial and, in some cases, accepted by few. These hypotheses are judged true or false on empirical grounds through scientific observation and repeated experimental data. This is in contrast with the philosophical assumptions that come before one can do science and so cannot be tested or falsified by science.

Gould said that mountain ranges or grand canyons are built by accumulation of near insensible changes added up through vast time. Some major events such as floods, earthquakes, and eruptions, do occur. But these catastrophes are strictly local. They neither occurred in the past, nor shall happen in the future, at any greater frequency or extent than they display at present. In particular, the whole earth is never convulsed at once. 

The uniformity of state hypothesis (i.e. steadystateism) implies that throughout the history of our earth there is no progress in any inexorable direction. The planet has almost always looked and behaved as it does now. Change is continuous, but leads nowhere. The earth is in balance: a dynamic steady state. 

Supplies:

· All xenarthran skulls (do not use the echidna or Virginia opossum skulls)

· student notebooks

· 1 pair caliper/student or pair of students

· 1 data sheet/student or pair of students

· 1 computer/student or pair of students 

· 1-2 sheet graph paper /student (for sketching skull and to develop graphs by hand)

· pencils

· 1 ruler/student

· Optional – overhead projector with picture of caliper on transparency or computer projector system.

Procedure:

· After completing the histogram on nine-banded armadillo skulls, you have established your control for all other work.  This next lesson flows nicely from the variation in a population to measuring all of the skulls.
· Gather materials.  Make copies of the photographs of the ground sloth tooth, following this lesson.  For the skulls, if you do not want to use the xenarthran skulls in this unit, you can borrow them from a college or university biology department, your school district may have skulls that you could borrow, or if you have grant funds, you can purchase them from a company like Skulls Unlimited (they have many reasonably priced species).  You will need to get a series of related mammals, like carnivore or rodent skulls.

· Distribute one skull to each student.

· Ask students to sketch the skull, noting the number of teeth, the different processes (bumps) and foramina (holes).  Ask the students to guess what species they think the skull is.  Discuss their reasoning.

· Reveal the true identify of the skulls.  

· Distribute the handout, “Willamette Ground Sloth Tooth Found.” 

· Discuss student ideas why the rest of the fossil was not found.

· Ask students if they think we can estimate the size of the skull, just with one tooth?

· Guide students to reason that if they measure the length all of all the sloth skulls and the length of the last tooth in the cranium on the left side, they can develop a scatter plot graph with the “X” axis as the length of each tooth, and the Y axis as the length of the skull.

Willamette Valley Ground Sloth Tooth Found:

This ground sloth tooth was found in Florida.  It was isolated from any other fossil material.  There are no other ground sloth fossils located in this area.  

Just from this tooth, can you estimate the size of the skull?

The tooth is from the cranium, and it is the back tooth on the left side of the skull when the skull is placed with the tooth row facing up and the nose towards you (braincase away from you).

The length of the crown (top of the tooth, as depicted in the picture on the right) is 22.70mm.  The width of the tooth (at the widest point) is 13.8mm.





The location of the tooth


is depicted in the photograph 


on the right.

Source:

http://www.fossil-treasures-of-florida.com/harlans-ground-sloth.html

Lesson 4:  Testable Questions

Source:

http://users.aristotle.net/~asta/science.htm

Background Information:

People have several ways that they know about their world. The chart below lists some of the ways of knowing.  Note that science is a way of knowing that requires the use of certain rules and methods that differs from the other means of knowing. Scientific knowledge limited to the natural world. 

	Religious Knowledge
	Philosophic Knowledge
	Cultural Knowledge
	Science Knowledge

	Seeks answers to any question that can be posed including answers to the ultimate questions (What is my purpose? What is the meaning of life? Is there a supreme being? etc.).
	Seeks answers to any question that can be posed including answers to the ultimate (What is my purpose? What is the meaning of life? Is there a supreme being? etc.).
	Seeks answers to any question that can be posed including answers to the ultimate questions (What is my purpose? What is the meaning of life? etc.), but generally relates to how people treat one another.
	Can only seek answers about the natural world but cannot answer ultimate questions (Is there a god? What is the meaning of life?).

	Seek predictions on any event based on faith and belief.
	Seek predictions on any event based on point of view.
	Seek predictions on any event based on belief and cultural history.
	Seek predictions about future natural events based on observational evidence and testing.

	The rules may vary among the different religions.
	The rules may vary among the different philosophic views.
	The rules may vary among the different cultures.
	Has a set of rules that must be followed in order to be called science.

	Explanations are based on beliefs and faith and seek to understand and follow an ultimate purpose.
	Explanations are based on logic or viewpoint and seek to understand and follow an ultimate purpose and may undergo some type of testing.
	Explanations are based on beliefs and seek to understand and follow an ultimate purpose.
	Explanations are based on observation, evidence, and testing.

	Explanations can include supernatural forces.
	Explanations can include supernatural forces and viewpoints.
	Explanations can include supernatural forces and other historical viewpoints.
	Explanations cannot include supernatural forces.

	Hypotheses need not be part of the religion, nor do hypotheses have to be tested nor proved or disproved.
	Hypotheses may be a part of the philosophic view and hypotheses may or may not have to be tested and proved or disproved.
	Hypotheses need not be part of the cultural view, nor do hypotheses have to be tested nor proven.
	The hypothesis used in tests must be able to be disproved.

	Is a belief system and seeks truths.
	Is a point of view and seeks truths.
	May be a belief system rooted in historical views and seeks truths.
	Is not a belief system nor seeks truths.

	Knowledge may not change greatly over time, but may be swayed by culture.
	Knowledge may not change greatly over time and may be influenced by culture.
	May be a belief system rooted in historical views and seeks truths.
Knowledge may or may not change slowly over time.
	Knowledge may change as new data arises.

	Accepted knowledge does not need peer review or verification.
	Accepted knowledge may seek peer review or verification, but conclusions may differ among individuals.
	Accepted knowledge may seek review or verification, but conclusions may differ among individuals.
	All knowledge must have peer review and verification.


Supplies:

· Student notebooks

· Chart pack, blackboard and chalk, white board and dry erase markers, overhead or computer with projector

Procedure:

· If you haven’t already read all of the myths, legends, and stories in the student notebooks, do so now.

· Discuss the difference between the information in the stories and those of the real world.

· Discuss what is a testable question:

· Your students have been working through guided inquiry, and now it is time for the students to begin generating testable questions.  A good testable question is

· interesting, 

· can be proven wrong, 

· can be replicated (other people can design experiments and get the same answer) 

· something in the question is measured

· Ask the students what questions they have been asking while working with the xenarthran skulls.

· Write down each and every question.  Some of the questions will not be testable because there is nothing that can be measured.  Some questions will be opinion.  Some questions will be about the supernatural.  Some questions will be very close, but not testable as is.  For example, “Can armadillos catch cold?”  This question is not a suitable testable question, because if you trap all the armadillos you can find, you still might not capture the armadillo with a cold.  There is nothing to measure.  Therefore, you can modify this particular question, (supposing that armadillos can catch cold, and you can figure out how to determine that) to: what percentage of armadillos in the month of September have colds?  Designing the experiment would include methods of determining the density and diversity of a species, and also recording if the armadillos you catch have colds versus the armadillos that do not have colds.  Simple calculations can tell you the estimated percentage of the population with colds.

· Discuss each question in turn, identifying it as testable, non-testable (and why), or with modification, could be a testable question.

· Students vote on their favorite question.

· With that question in hand, what specifically will you do to answer that question?  What equipment do you need?  Is it financially feasible?  Is it possible with the resources you have at hand?

Example of an interesting student generated question, and how you can guide your students into designing the experiment, collecting and analyzing the data, and being able to answer it.

Ground Sloths and Cantaloupe

During the generation of testable questions, one student asked if any of the ground sloths were big enough that they could squish a cantaloupe if they stepped on it.  All of the students’ ears perked up, and we had our question.

I asked the students how they would figure this out.  They determined that they could build a scatter plot like in the skull length from a single tooth.  I assigned each student to ask their parent for a copy of their height and weight record.  I told each student that whatever information they had, even if it was only their birth information, was just fine.  Reasoning, our weight and height is not a linear function.  As we grow, our weight increases faster than our height.  I was working with upper elementary students, and they needed to understand the bias that would be build into our experiment, and that our results would be adequate, but not accurate.

The students decided that they would need a scale, ramp, and cantaloupe.  They would place the cantaloupe on the scale, and the platform on the cantaloupe.  One by one, the selected students would walk up the ramp until the cantaloupe was “squished.”  I asked how they would know that the cantaloupe was “squished.”  They defined “squished” as cracked and half the original size of the cantaloupe.  

The students brought in their growth chart information, and averaged the students weight and height by year, then plotted that information on a scatter plot graph.  The students discussed the non-linear results, and agreed that that their results would be a crude estimate.

They set up their experiment, and when the cantaloupe was officially squished, recorded the weight of the cantaloupe, ramp, and students.  They conducted 8 trials (enough for each student to be one of the ramp walkers), and calculated each of the 8 trials.  They graphed the results separately, and they also averaged the 8 trials, and graphed that also.

I found the average mass of the extant species (and this information is found in the student notebooks).  The students graphed the length of the skull as the x axis, and the estimated mass of the extinct species on the y axis using a least squares fit.  (I had the students play around with some Internet java least squares programs to get the feel for what the line is.)  Some good sites:

· http://www.math.tamu.edu/FiniteMath/Classes/LeastSquares/LeastSquares.html
· http://www.mste.uiuc.edu/exner/java.f/leastsquares/#simulation
From there, they determined which sloths and glyptodons were large enough to squish a cantaloupe.  This was a perfect experiment.  The students were engaged in the cantaloupe squishing, complete with the stomping on the platform after the experiment, and cantaloupe rain spraying everywhere.  Students developed a strategy for determining the mass needed using resources that were inexpensive and easily available.  The students had to defined the term “squished.”  Students understood the difference between linear and non-linear growth, and although their math skills were not to the point that they could work with that, they understood the concept.  Their answer reflected that they understood that to the best of their ability, these are the animals that were large enough to squish a cantaloupe.

If you are interested in an evolutionary unit, Lesson 5 should help guide you in developing a phylogenetic tree.  You can also use the information to build a cladogram if that is more desirable.  

The final developed lesson is on biomechanics of the jaw, and includes levers and fulcrums.  This unit can be used in support of engineering and physics concepts, as well as how paleontologists can figure out how extinct animals chewed, moved, and so on.

Lesson 5:  Relationships

Source: Barbara J. Shaw

If your students are having difficulty with testable questions, you can help guide your students to ask the appropriate questions on the next two lessons.

Background Information:

There are several methods to evaluate evolutionary relationships among organisms.  DNA, the fossil record (when and where fossils are found), development (how a fertilized egg develops into a mature organism) and morphological (comparing physical characters or traits) are all used.  Each method has strengths, biases, and problems.  No matter how we evaluate these organisms, we can never recreate what actually was, although the different model can give us a strong inference to reality.

People since Aristotle (~350BC) have long understood that organisms that look more similar are more closely related to each other.  For example, a German shepherd, a coyote and a wolf are three different species.  They look more similar than a bear or puma.  All five of these mammals look more similar than a deer.  This is based on the overall shape of carnivores (dogs, cats, bears), and the overall shape of ungulates (deer, cows, sheep).  Size isn’t as important as overall shape.  Your housecat and a tiger share very striking shape similarities even though there is an order of magnitude difference in size, and are both found in Family Felidae.

Morphological analysis compares the same feature among different species.  For example a jaw (which are comprised of a left and right dentary bone) can be completely fused, and looks like one bone (Figure 1), or the point of articulation of the two dentary bones can be weak, and the two bones are easy to discern or are even separated (Figure 2).  


Figure 1: Fused dentary bones

Figure 2: Separate dentary bones

Scientists use many distinct characters (sometimes hundreds) to model how the morphology (or shape) or DNA shows who is related to whom, and how closely.  The analysis is called cluster analysis, and the results are displayed as trees.  The tree below was used from http://www.sanger.ac.uk/PostGenomics/epicomp/gfx/phyototree.png (captured 10/10/2006) which used DNA as the character traits.  All the mammals (on the right side represented by Eutherians (placental mammals), Marsupials (mammals related to kangaroos and koalas) and monotremes (echidnas and duck-billed platypus) group together.  The organism with the longest line is fish, which indicates that they originated first (and this is confirmed by the fossil record).  In this analysis, mammals don’t necessary have to be the end point; you could switch the mammals and the bird.  .

[image: image7.png]



Figure 3: Monotreme, Marsupial, and Placental (Eutherian) Mammal Tree rooted with Bird and Fish (Source: http://www.sanger.ac.uk/PostGenomics/epicomp/gfx/phyototree.png)

On page 42 of your student notebook is a phylogenetic tree built from DNA sequences of extant (meaning animals that exist today and opposed to extinct) species of xenarthrans by Fredric Dulsuc.  Note that the sloths group together, the anteaters group together, and the armadillos group together.  Also notice that the lines (called branches) for the armadillos are longest (indicating that they have been around the longest), and the anteaters and sloths join together before they join with armadillos.  Examine this tree closely because we will be developing our hypotheses based on extant species.

The vertebrate tree pictured above is rooted.  That means if we are looking at the relationship among the 3 different groups of living (extant) mammals to determine which arose first, we need an outgroup to anchor mammals. Outgroups are species not closely related to the group we are studying.  For example, xenarthrans are placental animals, like dogs, mice, deer and people.  Virginia opossums are marsupials, like kangaroos and koalas.  Echnidas are egg laying mammals.  If we want to determine how each of the xenarthran species are related to each other, we want to use an outgroup, and in our case, we will be using both Virginia opossum and echidna.  

The analysis is a bit like math magic.  It can be calculated by hand, but every character you add increases the complexity of the math.  Since we use many data points, we use computers to run the computations for us.

Finally, you will need to use a cluster analysis computer program.  It is not one of the tools available on Excel, so you probably don’t have a program on your computer to run analyze these data.  You will need to download a free program from the internet.  There are several universities that have the software available as a free download, as long as it is not used for commercial purposes.  This program is a free online cluster analysis calculator:

http://www2.biology.ualberta.ca/jbrzusto/cluster.php (retrieved March 11, 2007).  

This is a program from Stanford that is free for educators: 

http://rana.lbl.gov/EisenSoftware.htm (retrieved 10 October 2006).  The data would be entered into this program like an excel spreadsheet, with each species a row, and the scoring in columns.  Neighbor joining tree analysis would be an appropriate tree to run your analysis.

Supplies:

· All xenarthran skulls (do not use the echidna or Virginia opossum skulls)

· student notebooks

· 1 pair caliper/student or pair of students

· 1 data sheet/student or pair of students

· 1 computer/student or pair of students 

· 1-2 sheet graph paper /student (for sketching skull and to develop graphs by hand)

· pencils

· 1 ruler/student

· Optional – overhead projector or computer projector system.

Procedure:

In this lab, we will conduct a morphological evaluation using the represented xenarthran skulls available.  There are a total of 44 skulls, so you will need to decide as a class, how you will score all of them.  You and your partner will be responsible for scoring several skulls.  You will share your data with the class and analyze how they are related using a dendogram (directions to follow).  

Look at the skulls, and using the student notebook, identify each of them as a glyptodont, pampathere, ground or tree sloth, anteater, or armadillo.  Delsuc’s tree on page 34 of the student notebook tells us that armadillos are the oldest (and the fossil record confirms this).  Where do you think the fossil skulls belong on that tree?  This is your hypothesis (and prediction).  Write this down, and later, you will compare your results to your prediction.

The phylogenetic tree in your student notebook on page 34 only includes extant species.  In addition to 9 extant species of xenarthrans, we have 12 fossil skulls.  Notice that there are 15 nine-banded armadillo skulls.  We need to score each of those skulls.  Can you think of why that is important?  

To root our tree, we also need to score mammals that are not closely related to xenarthrans.  We try to find mammals that are older, and that would be monotremes and marsupials (Figure 3).  There are 1 echidna and 5 Virginia opossum skulls for our analysis.  Why do you think we need to score all 5 Virginia opossum skulls?

For this first task, carefully find each character as described and pictured.  There will be between 2 and 6 responses, each given a different number to identify the answer.  This is called scoring.  Score each skull you are assigned with all 23 character traits.  If your skull is damaged, and you cannot determine the character, leave the answer blank.

If you have a skull missing teeth, count the number of sockets where the teeth are located to determine the number of teeth.  The shape of the hole may tell you the shape of the tooth.  Some characters can be inferred.  Make note of this in the column at the end.

If you have any questions about a particular bone of the skull, you can refer to your student notebooks, page 43.

Middle school students selected the following characters to compare how the represented xenarthrans are related.  Work through each skull, picking which answer best describes that particular character.  A sample picture of a skull and the character indicated is included to help you work though each question.  Record your answer on the answer sheet located on the last page of this lab.

Scoring Key for Xenarthran Skulls

1. Looking down on top of the tooth, if skull has simple peg tooth, give 0 points
If skull has a figure “8” tooth, give 1 point
If skull has zigzag tooth, give 2 points
If skull has herbivore teeth, give 3 points
If skull has herbivore teeth AND caniform (dog tooth, canine) tooth, give 4 points
If the skull has no teeth (and there never were any), give 5 points


2. If the bone between the teeth of the skull ends close to the back of the cheekbone, give 0 points
If the bone between the teeth of the skull ends in the middle of the cheekbone, give 1 point
If the bone between the teeth of the skull ends near the front of the cheekbone, give 2 points


3. If skull has more than 12 teeth, give 0 points
If skull has 12 or less teeth, give 1 point
If skull has no teeth (and there never were any) give 2 points


4. If the teeth of the skull form a line that is wider in the back than the front, give 0 points
If the teeth of the skull form a line that is wider in the front than the back, give 1 point


5. If the bone between the teeth on the skull is smooth, give 0 points
If the bone between the teeth on the skull has ridges, give 1 point


6. If nose is pointed, give 0 points
If nose is flat, give 1 point


7. If snout is long, give 0 points
If snout is short, give 1 point


8. If cheekbone is complete, give 0 points
If cheekbone is incomplete, give 1 point

9. If cheekbone has no process, give 0 points
If cheekbone has a single process, give 1 point
If cheekbone has two processes, give 2 points

10. If braincase has a ridge running lengthwise down the middle, give 0 points
If braincase is smooth, give 1 point


11. If back of braincase has definite ridge at the top, give 0 points
If back of braincase is smooth give 1 point


12. If back of skull is wider than high, give 0 points
If back of skull is higher than wide, give 1 point
If back of skull is triangular, give 2 points









13. If the skull is rounded on top, give 0 points
If the skull is flat on top, give 1 point


14. If the nose sticks out more on top when looking at the side of the skull, give 0 points
If the nose is flat when looking at the side of the skull, give 1 point
If the nose sticks out more on the bottom when looking at the side of the skull, give 2 points


15. If the braincase is deeper than the snout, give 0 points
If the snout and the braincase are about the same depth, give 1 point


16. If the ear bones are small and recessed, give 0 points
If the ear bones are small and protruding, give 1 point
If the ear bones are large, give 2 points


17. If the back of the skull looking at the side is slanted in, give 0 points
If the back of the skull looking at the side is vertical, give 1 point
If the back of the skull looking at the side is slanted out, give 2 points




18. If the bone of the nose by the teeth is rounded or flat, give 0 points
If the bone of the nose by the teeth has a notch in it, give 1 point



19. If the jaw comes to a point at the tip, give 0 points
If the jaw is rounded at the tip, give 1 point


20. If the jaw is straight, give 0 points
If the jaw is bowed out, give 1 point

21. If jaw is in one piece give 0 points
If jaw is loosely in one piece, or easily broken into two pieces, give 1 point
If jaw is in two pieces (but not broken into two pieces) give 2 points


22. If the jaw does not have a strong upturn at the tip, give 0 points
If the jaw does not have a strong upturn at the tip, give 1 point


23. If the condyle of the jaw is higher than any other process, give 0 points
If the condyle of the jaw is lower than any other process, give 1 point


When all 44 skulls have been assessed, each team should enter their data into the Cluster Analysis program.  If there is no data for a particular score for a specimen, leave it blank.  (Some programs require a decimal to act as a placeholder for a missing datum.)  Run the analysis using a neighbor joining tree or heuristic tree.  Print up the graph and compare to Delsuc’s tree listed on page 34 in your student notebook.  Were your predictions correct?

Notes:
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Lesson 6:  Bite Force and Biomechanics

Source: 

Barbara J. Shaw

http://en.wikipedia.org/wiki/Lever

Background Information:

In physics, a lever (from French lever, "to raise", c.f. a levant) is a rigid object that is used with an appropriate fulcrum or pivot point to multiply the mechanical force that can be applied to another object. This leverage is also termed mechanical advantage, and is one example of the principle of moments. A lever is one of the six simple machines. Archimedes once said, "Give me a lever long enough and a fulcrum on which to place it, and I shall move the world." First class levers are similar but not the same as second or third class levers, in which the fulcrum, resistance, and effort are in different locations.
The principle of the lever tells us that the above is in static equilibrium, with all forces balancing, if F1D1 = F2D2.

The principle of leverage can be derived using Newton's laws of motion, and modern statics. It is important to note that the amount of work done is given by force times distance. To use a lever to lift a certain unit of weight with a force of half a unit, the distance from the fulcrum to the spot where force is applied must be exactly twice that of the distance between the weight and the fulcrum. For example, to cut in half the force required to lift a weight resting 1 meter from the fulcrum, we would need to apply force 2 meters from the other side of the fulcrum. The amount of work done is always the same and independent of the dimensions of the lever (in an ideal lever). The lever only allows to trade force for distance.

The point where you apply the force is called the effort. The effect of applying this force is called the load. The load arm and the effort arm are the names given to the distances from the fulcrum to the load and effort, respectively. Using these definitions, the Law of the Lever is:

· Load arm X load force = effort arm X effort force. 

If, for example, a 1 gram feather were balanced by a one kilogram rock, the feather would be 1000 times further from the fulcrum than the rock; if a 1 kilogram rock were balanced by another 1 kilogram rock, the fulcrum would be in the middle.

There are three classes of levers that represent variations in the location of the fulcrum and the input and output forces.

First class lever

A first-class lever is a lever in which the fulcrum is located between the input effort and the output load. In operation, a force is applied (by pulling or pushing) to a section of the bar, which causes the lever to swing about the fulcrum, overcoming the resistance force on the opposite side. The fulcrum may be at the center point of the lever as in a seesaw or at any point between the input and output. This supports the effort arm.

Examples:

1. Seesaw (also known as a teeter-totter)

2. Trebuchet

3. Crowbar (curved end of it)

4. Hammer Claw, when pulling a nail with the hammer's claw

5. Hand trucks are L-shaped but work on the same principle, with the axis as a fulcrum

6. Pliers (double lever)

7. Scissors (double lever)

8. Shoehorn

9. Spud bar (moving heavy objects)

10. Beam engine although here the aim is just to change the direction in which the applied force acts, since the fulcrum is normally in the center of the beam (i.e. D1 = D2)

11. Wheel and axle because the wheel's motion follows the fulcrum, load arm, and effort arm principle.

12. Chopsticks with hand the middle finger acts as a pivot. The whole system is a double lever.


Second class lever

In a second class lever the input effort is located at the end of the bar and the fulcrum is located at the other end of the bar, opposite to the input, with the output load at a point between these two forces. 

Examples:

1. Dental elevator

2. Nutcracker

3. Paddle

4. Curb bit

5. Wheelbarrow

6. Wrench

7. Bottle opener

8. Diving Board (spring board)

9. Crowbar (flat end)

10. Push-up

11. Doorknob (could be a wheel and axle also)

12. Oars (the object is to move the boat, not the water).

13. Tennis racket

14. Nail clippers, the main body handle exerts the incoming force

15. Torsion spring, the main body handle exerts the incoming force

Third class lever

For the lever in this diagram to work correctly, one must assume that the fulcrum is attached to the bar or acting in opposition to the other two forces.

For this class of levers, the input effort is higher than the output load, which is different from second-class levers and some first-class levers. However, the distance moved by the resistance (load) is greater than the distance moved by the effort. Since this motion occurs in the same length of time, the resistance necessarily moves faster than the effort. Thus, a third-class lever still has its uses in making certain tasks easier to do. In third class levers, effort is applied between the output load on one end and the fulcrum on the opposite end.

Examples

1. Baseball bat

2. Boat paddle

3. Broom

4. Electric Gates

5. Fishing rod

6. Hockey stick

7. Mandible

8. Mousetrap (Spring-loaded bar type)

9. Shovel (the action of picking or lifting up sand or dirt)

10. Stapler

11. Tongs

12. Tweezers

13. Hammer

Supplies:

· All xenarthran skulls

· levers (boards included in the kit)

· variety of fulcrums (film canisters, spools, coke cans, and other different sized objects)

· weights for the levers (pennies or washers in zip lock plastic bags) 

· cookies (1 per student)

· student notebooks

· 1 pair caliper/student or pair of students

· 1 data sheet/student or pair of students

· 1 computer/student or pair of students 

· 1-2 sheet graph paper /student (for sketching skull and to develop graphs by hand)

· pencils

· 1 ruler/student

· Optional – overhead projector or computer projector system.

Procedure:

· Ask students what is a lever?
· Write answers on the board/overhead projector.
· Divide the class into teams, and go outside with the levers, fulcrums, and weights. 
· Distribute the fulcrums, weights and levers to each time. 

· Direct the students to design at least 7 different lever systems.  Although there are only 3 lever systems, most students will have variations of the first class lever system.  By assigning 7 different systems, you may get some groups to figure out the second and third class lever systems.  SAFETY:  Students will launch the weights.  Be sure to keep the teams well separated, and be sure that all students are aware when the weights get launched.

· When the students design all three systems (you can give hints), collect all the materials, and go back inside.

· Hand out a cookie to the students, telling them to wait until everyone has a cookie.  Ask the students to feel their jaw as they chew.  
· Ask students to describe how they chewed their cookie.  Write down the responses on the board.
· If no one identifies that the jaw is a lever system, ask the students which lever system it is.  (It is a third class lever system.)

· Ask the students if they always chew their food with the same force as eating the cookie.  (No, of course not.)  How much force do they need when chewing a tough piece of meat.

· Bring out a sloth skull (both mandible and cranium) and glyptodon skulls.  Looking at the jaws, ask the students which would have a greater bite force.

· Looking carefully at the jaw, point out the roughened area about 1/3 of the way from the front of the jaw.  The roughened area is where the muscle attached to the jaw of this animal.  Ask students to feel where their muscle attaches to their jaw.  This is the input into the system.

· Point to the condyles on the jaw (the joint where the jaw articulates with the cranium, and the fulcrum of the lever system).

· Point to the first tooth in the jaw.  The first tooth receives the maximum force.  This is the output in the jaw system.

· By taking a measurement of the condyle (fulcrum) to the muscle attachment (input) and the condyle (fulcrum) to the first tooth (output) the students can plot the bite force of each of the xenarthrans.

· Have the students predict which xenarthrans will have the strongest bite force, and which will have the weakest force.

· Measure the condyle to muscle attachment and condyle to first tooth on each of the mandibles, recording the results.

· You can either use prior skull length measurements, or make those measurements again.

· It is hard to compare these forces with animals of such great size variation.  Scientists “normalize” their data by making it a ratio.  We will use the skull length as our normalizing factor.  Divide the condyle to muscle attachment by the total skull length, and divide condyle to first tooth measurement by the total skull length.

· Plot the normalized condyle-muscle attachment/skull length as the x axis and condyle-first tooth in the mandible/skull length.

· Can your students interpret the graph?  It is difficult because there is no reference.  The anteaters have very weak bite force.  If the jaw is substantial, robust, and firmly sutured to one structure, then the animal could bite harder.  If the jaw is weak and loosely connect, it had a week bite force.

· All xenarthrans lack incisors and almost all lack canine teeth.  (The pointy teeth you see on the two-toed tree sloth are not canine teeth, but modified premolars!)  How does that change their bite force?  It would be much stronger if they did have teeth to the front of their mouths.

· EXTENSION: Where do your students fit in?  Your students can measure their partner’s condyle to muscle attachment/skull length and condyle to front tooth/skull length in their mandible.  Plot those data.  Who has a stronger bite force, you or the xenarthran?

· Ask students why they collect data on the mandible and not the cranium teeth?



	Species
	Skull Length
	Condyle to Muscle Attach
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Biomechanics – Jaw Bite Force

Biomechanics – Jaw Bite Force

	Species
	Skull Length
	Condyle to Muscle Attach
	Condyle-Muscle/

Skull Length (fraction)
	Condyle to First Tooth
	Condyle-Tooth/

Skull Length (fraction)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Peg Teeth,            Bone ends �               middle cheek bone





Herbivore AND Caniform Teeth





Teeth wider in back than front, Bone between teeth has ridges





Snout is short     Nose is flat








Complete cheekbone with two + processes,            Large nasal opening 





      No ridge down middle, back of braincase has ridge





Braincase higher than wide








Skull is flat on top


Nose sticks out more on the bottom


Braincase and snout same depth





Ear bones small and recessed





Back of skull slanted out





Bones of nose with notch





Jaw rounded at tip


Jaw is bowed out


Jaw in one piece





condyle





Jaw does not upturn


Condyle lower than any other process





process





From the back of the skull to the tip of the nose – the longest measurement





At the widest part of the zygomatic arch





Step 2:  8 point something.





main ruler





in millimeters





vernier scale





Step 3: best fit vernier line to main ruler is .65





First tooth





Muscle Attachment





Condyle





Divide each measurement by Skull Length
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		88 to 91

		91 to 94

		94 to 97

		97 to 100

		100 to 103

		103 to 106



Length of Skulls in mm

Number Specimens

Nine-banded Armadillo Skulls

1

2

3

7

2

1



Data for Graphs

		Xenarthrans

		Number		Species		Common name		CL		TW		ML		MF		ML/CL		MF/CL		ML-MF		ML/ML-MF		MF/ML-MF		ML-MF/ML		MF/ML		Species

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		52.35		46.65		0.71		0.63		5.70		9.18		8.18		0.11		0.89		Bradypus tridactylus

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		59.90		43.20		0.76		0.55		16.70		3.59		2.59		0.28		0.72		Cabassous uncinctus

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		395.55		263.90		0.85		0.57		131.65		3.00		2.00		0.33		0.67		Catonyx tarijensis

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60		76.50		60.80		0.78		0.62		15.70		4.87		3.87		0.21		0.79		Choloepus didactylus

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90		81.00		63.00		0.77		0.60		18.00		4.50		3.50		0.22		0.78		Choloepus hoffmanni

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40		0.78		0.58		19.40		3.91		2.91		0.26		0.74		Dasypus novemcinctus

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90		67.70		51.20		0.77		0.58		16.50		4.10		3.10		0.24		0.76		Euphractus sexcinctus

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90		323.05		261.10		0.86		0.70		61.95		5.21		4.21		0.19		0.81		Glossotherium chapadmalensis

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40		279.20		231.05		0.84		0.69		48.15		5.80		4.80		0.17		0.83		Glyptodon calvipes

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		255.15		197.10		0.78		0.60		58.05		4.40		3.40		0.23		0.77		Holmesina septentrionalis

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50		372.65		298.10		0.81		0.65		74.55		5.00		4.00		0.20		0.80		Megalonyx

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00																				Unidentified ground sloth cranium

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60																				Unidentified ground sloth cranium

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30																				Unidentified ground sloth cranium

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30																				Unidentified ground sloth cranium

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30																				Unidentified ground sloth cranium

		4056		Unidentified ground sloth mandible		Miocene ground sloth						87.75		58.90																Unidentified ground sloth mandible

		4057		Unidentified ground sloth mandible		Miocene ground sloth						88.60		69.85																Unidentified ground sloth mandible

		4058		Unidentified ground sloth mandible		Miocene ground sloth																								Unidentified ground sloth mandible

		4059		see Tamandua below																										see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00				336.55		59.10		0.88		0.15		277.45		1.21		0.21		0.82		0.18		Myrmecophaga tridactyla

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30		368.55		274.55		0.85		0.63		94.00		3.92		2.92		0.26		0.74		Panochthus tuberculatus

		4062		Priodontes maximus		giant armadillo		171.00		2.20		141.30		115.75		0.83		0.68		25.55		5.53		4.53		0.18		0.82		Priodontes maximus

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50		338.95		258.85		0.75		0.57		80.10		4.23		3.23		0.24		0.76		Scelidodon

		4059		Tamandua mexicana		Lesser anteater		134.50				98.80		28.60		0.73		0.21		70.20		1.41		0.41		0.71		0.29		Tamandua mexicana

		Outgroups

		average		Didelphis virginiana				94.43		7.27		76.75		56.10																Didelphis virginiana

		4064		Tachyglossus aculatus		echidna		105.15				80.65		16.80																Tachyglossus aculatus
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		Xenarthrans

		Number		Species		Common name		CL		TW		ML		MF

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		52.35		46.65

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		59.90		43.20

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		395.55		263.90

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60		76.50		60.80

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90		81.00		63.00

		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40		68.30		52.90

		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20		80.70		56.30

		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80		75.90		49.85

		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80		79.20		52.60

		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40		78.30		54.15

		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50		81.00		68.05

		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90		66.90		57.65

		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20		76.15		59.70

		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80		79.05		55.55

		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80		75.85		53.60

		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70		71.55		50.95

		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10		77.70		64.65

		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50		70.00		47.40

		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30		80.60		66.55

		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30		75.80		56.05

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90		67.70		51.20

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90		323.05		261.10

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40		279.20		231.05

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		255.15		197.10

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50		372.65		298.10

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4056		Unidentified ground sloth mandible		Miocene ground sloth						87.75		58.90

		4057		Unidentified ground sloth mandible		Miocene ground sloth						88.60		69.85

		4058		Unidentified ground sloth mandible		Miocene ground sloth

		4059		see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00				336.55		59.10

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30		368.55		274.55

		4062		Priodontes maximus		giant armadillo		171.00		2.20		141.30		115.75

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50		338.95		258.85

		4059		Tamandua mexicana		Lesser anteater		134.50				98.80		28.60

		Outgroups

		4041		Didelphis virginiana		Virginia opossum		96.55		8.55		78.85		54.90

		4042		Didelphis virginiana		Virginia opossum		99.85		6.30		80.60		65.25

		4043		Didelphis virginiana		Virginia opossum		89.95		7.25		73.45		53.80

		4044		Didelphis virginiana		Virginia opossum		99.95		7.15		82.60		58.85

		4045		Didelphis virginiana		Virginia opossum		85.85		7.10		68.25		47.70

		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		4064		Tachyglossus aculatus		echidna		105.15				80.65		16.80

		Definitions

				CL		Cranium Length

				TW		Largest Tooth Width

				ML		Mandible Length

				MML		Mandible Muscle to Condyle Length





		Number		Species		Common name		SL		TW

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90

		average		Dasypus novemcinctus		nine-banded armadillo		96.91		2.65

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4059		see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30

		4062		Priodontes maximus		giant armadillo		171.00		2.20

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50

		4059		Tamandua mexicana		Lesser anteater		134.50

		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40

		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20

		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80

		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80

		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40

		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50

		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90

		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20

		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80

		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80

		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70

		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10

		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50

		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30

		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30

		average		Dasypus novemcinctus				96.91		2.65

		Number		Species		Common name		SL		TW

		4060		Myrmecophaga tridactyla		Giant anteater		384.00		0.00		anteaters

		4059		Tamandua mexicana		Lesser anteater		134.50		0.00

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		armadillos

		average		Dasypus novemcinctus		nine-banded armadillo		96.91		2.65

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90

		4062		Priodontes maximus		giant armadillo		171.00		2.20

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		glyptodons, pampatheres

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		tree sloths

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		ground sloths

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50
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		CL		Number		Species		Common name		CL		TW		ML		MF				Bins		# specimens

		88.40		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40		68.30		52.90				86 to 90		1

		91.20		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90		66.90		57.65				90 to 94		2

		93.90		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40		78.30		54.15				94 to 98		6

		94.70		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70		71.55		50.95				98 to 102		5

		95.30		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30		75.80		56.05				over 102		1

		97.00		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20		76.15		59.70

		97.20		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80		75.85		53.60				85 to 88		0

		97.90		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20		80.70		56.30				88 to 91		1

		98.00		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50		70.00		47.40				91 to 94		2

		98.10		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10		77.70		64.65				94 to 97		3

		98.40		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80		79.05		55.55				97 to 100		7

		99.20		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30		80.60		66.55				100 to 103		2

		100.00		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80		75.90		49.85				103 to 106		1

		100.20		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80		79.20		52.60				over 106		0

		104.10		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50		81.00		68.05

		96.91		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		96.91		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		85.85		4045		Didelphis virginiana		Virginia opossum		85.85		7.10		68.25		47.70

		89.95		4043		Didelphis virginiana		Virginia opossum		89.95		7.25		73.45		53.80

		96.55		4041		Didelphis virginiana		Virginia opossum		96.55		8.55		78.85		54.90

		99.85		4042		Didelphis virginiana		Virginia opossum		99.85		6.30		80.60		65.25

		99.95		4044		Didelphis virginiana		Virginia opossum		99.95		7.15		82.60		58.85

		94.43		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		94.43		average		Didelphis virginiana				94.43		7.27		76.75		56.10





		0

		0

		0

		0

		0

		0

		0

		0



length in mm

number of specimens

nine-banded armadillo skull length



		0

		0

		0

		0

		0

		0



Bins

Number Specimens

Nine-banded Armadillo Skulls




_1294516568.xls
Chart3

		88.4

		91.2

		93.9

		94.7

		95.3

		97

		97.2

		97.9

		98

		98.1

		98.4

		99.2

		100

		100.2

		104.1



Length

Width

Armadillo Skull Length vs Width

52.9

57.65

54.15

50.95

56.05

59.7

53.6

56.3

47.4

64.65

55.55

66.55

49.85

52.6

68.05



Data for Graphs

		Xenarthrans

		Number		Species		Common name		CL		TW		ML		MF		ML/CL		MF/CL		ML-MF		ML/ML-MF		MF/ML-MF		ML-MF/ML		MF/ML		Species

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		52.35		46.65		0.71		0.63		5.70		9.18		8.18		0.11		0.89		Bradypus tridactylus

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		59.90		43.20		0.76		0.55		16.70		3.59		2.59		0.28		0.72		Cabassous uncinctus

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		395.55		263.90		0.85		0.57		131.65		3.00		2.00		0.33		0.67		Catonyx tarijensis

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60		76.50		60.80		0.78		0.62		15.70		4.87		3.87		0.21		0.79		Choloepus didactylus

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90		81.00		63.00		0.77		0.60		18.00		4.50		3.50		0.22		0.78		Choloepus hoffmanni

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40		0.78		0.58		19.40		3.91		2.91		0.26		0.74		Dasypus novemcinctus

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90		67.70		51.20		0.77		0.58		16.50		4.10		3.10		0.24		0.76		Euphractus sexcinctus

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90		323.05		261.10		0.86		0.70		61.95		5.21		4.21		0.19		0.81		Glossotherium chapadmalensis

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40		279.20		231.05		0.84		0.69		48.15		5.80		4.80		0.17		0.83		Glyptodon calvipes

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		255.15		197.10		0.78		0.60		58.05		4.40		3.40		0.23		0.77		Holmesina septentrionalis

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50		372.65		298.10		0.81		0.65		74.55		5.00		4.00		0.20		0.80		Megalonyx

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00																				Unidentified ground sloth cranium

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60																				Unidentified ground sloth cranium

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30																				Unidentified ground sloth cranium

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30																				Unidentified ground sloth cranium

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30																				Unidentified ground sloth cranium

		4056		Unidentified ground sloth mandible		Miocene ground sloth						87.75		58.90																Unidentified ground sloth mandible

		4057		Unidentified ground sloth mandible		Miocene ground sloth						88.60		69.85																Unidentified ground sloth mandible

		4058		Unidentified ground sloth mandible		Miocene ground sloth																								Unidentified ground sloth mandible

		4059		see Tamandua below																										see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00				336.55		59.10		0.88		0.15		277.45		1.21		0.21		0.82		0.18		Myrmecophaga tridactyla

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30		368.55		274.55		0.85		0.63		94.00		3.92		2.92		0.26		0.74		Panochthus tuberculatus

		4062		Priodontes maximus		giant armadillo		171.00		2.20		141.30		115.75		0.83		0.68		25.55		5.53		4.53		0.18		0.82		Priodontes maximus

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50		338.95		258.85		0.75		0.57		80.10		4.23		3.23		0.24		0.76		Scelidodon

		4059		Tamandua mexicana		Lesser anteater		134.50				98.80		28.60		0.73		0.21		70.20		1.41		0.41		0.71		0.29		Tamandua mexicana

		Outgroups

		average		Didelphis virginiana				94.43		7.27		76.75		56.10																Didelphis virginiana

		4064		Tachyglossus aculatus		echidna		105.15				80.65		16.80																Tachyglossus aculatus
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Histograms

		Xenarthrans

		Number		Species		Common name		CL		TW		ML		MF

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		52.35		46.65

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		59.90		43.20

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		395.55		263.90

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60		76.50		60.80

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90		81.00		63.00

		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40		68.30		52.90

		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20		80.70		56.30

		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80		75.90		49.85

		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80		79.20		52.60

		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40		78.30		54.15

		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50		81.00		68.05

		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90		66.90		57.65

		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20		76.15		59.70

		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80		79.05		55.55

		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80		75.85		53.60

		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70		71.55		50.95

		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10		77.70		64.65

		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50		70.00		47.40

		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30		80.60		66.55

		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30		75.80		56.05

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90		67.70		51.20

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90		323.05		261.10

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40		279.20		231.05

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		255.15		197.10

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50		372.65		298.10

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4056		Unidentified ground sloth mandible		Miocene ground sloth						87.75		58.90

		4057		Unidentified ground sloth mandible		Miocene ground sloth						88.60		69.85

		4058		Unidentified ground sloth mandible		Miocene ground sloth

		4059		see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00				336.55		59.10

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30		368.55		274.55

		4062		Priodontes maximus		giant armadillo		171.00		2.20		141.30		115.75

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50		338.95		258.85

		4059		Tamandua mexicana		Lesser anteater		134.50				98.80		28.60

		Outgroups

		4041		Didelphis virginiana		Virginia opossum		96.55		8.55		78.85		54.90

		4042		Didelphis virginiana		Virginia opossum		99.85		6.30		80.60		65.25

		4043		Didelphis virginiana		Virginia opossum		89.95		7.25		73.45		53.80

		4044		Didelphis virginiana		Virginia opossum		99.95		7.15		82.60		58.85

		4045		Didelphis virginiana		Virginia opossum		85.85		7.10		68.25		47.70

		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		4064		Tachyglossus aculatus		echidna		105.15				80.65		16.80

		Definitions

				CL		Cranium Length

				TW		Largest Tooth Width

				ML		Mandible Length

				MML		Mandible Muscle to Condyle Length





		Number		Species		Common name		SL		TW

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90

		average		Dasypus novemcinctus		nine-banded armadillo		96.91		2.65

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4059		see Tamandua below

		4060		Myrmecophaga tridactyla		Giant anteater		384.00

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30

		4062		Priodontes maximus		giant armadillo		171.00		2.20

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50

		4059		Tamandua mexicana		Lesser anteater		134.50

		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40

		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20

		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80

		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80

		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40

		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50

		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90

		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20

		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80

		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80

		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70

		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10

		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50

		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30

		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30

		average		Dasypus novemcinctus				96.91		2.65

		Number		Species		Common name		SL		TW

		4060		Myrmecophaga tridactyla		Giant anteater		384.00		0.00		anteaters

		4059		Tamandua mexicana		Lesser anteater		134.50		0.00

		4022		Cabassous uncinctus		naked-tailed armadillo		79.10		2.30		armadillos

		average		Dasypus novemcinctus		nine-banded armadillo		96.91		2.65

		4046		Euphractus sexcinctus		six-banded armadillo		88.40		2.90

		4062		Priodontes maximus		giant armadillo		171.00		2.20

		4049		Holmesina septentrionalis		Holmesina giant armadillo		327.00		20.40		glyptodons, pampatheres

		4048		Glyptodon calvipes		Glyptodon		333.00		16.40

		4061		Panochthus tuberculatus		Panochthus glyptodon		435.00		19.30

		4021		Bradypus tridactylus		Pale-throated two-toed sloth		74.10		4.10		tree sloths

		4024		Choloepus didactylus		Linne' three-toed sloth		98.70		5.60

		4025		Choloepus hoffmanni		Hoffman's three-toed sloth		105.30		5.90

		4023		Catonyx tarijensis		Catonyx giant ground sloth		466.00		35.00		ground sloths

		4047		Glossotherium chapadmalensis		Glossotherium giant ground sloth		374.00		21.90

		4050		Megalonyx		Megalonyx giant ground sloth		461.00		40.50

		4051		Unidentified ground sloth cranium		Miocene ground sloth		183.00		13.00

		4052		Unidentified ground sloth cranium		Miocene ground sloth		134.60		10.60

		4053		Unidentified ground sloth cranium		Miocene ground sloth		131.50		10.30

		4054		Unidentified ground sloth cranium		Miocene ground sloth		101.10		9.30

		4055		Unidentified ground sloth cranium		Miocene ground sloth		100.20		7.30

		4063		Scelidodon		Scelidodon giant ground sloth		451.00		35.50
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		Length		Width		Number		Species		Common name

		88.4		52.9		4026		Dasypus novemcinctus		nine-banded armadillo

		91.2		57.65		4032		Dasypus novemcinctus		nine-banded armadillo

		93.9		54.15		4030		Dasypus novemcinctus		nine-banded armadillo

		94.7		50.95		4036		Dasypus novemcinctus		nine-banded armadillo

		95.3		56.05		4040		Dasypus novemcinctus		nine-banded armadillo

		97		59.7		4033		Dasypus novemcinctus		nine-banded armadillo

		97.2		53.6		4035		Dasypus novemcinctus		nine-banded armadillo

		97.9		56.3		4027		Dasypus novemcinctus		nine-banded armadillo

		98		47.4		4038		Dasypus novemcinctus		nine-banded armadillo

		98.1		64.65		4037		Dasypus novemcinctus		nine-banded armadillo

		98.4		55.55		4034		Dasypus novemcinctus		nine-banded armadillo

		99.2		66.55		4039		Dasypus novemcinctus		nine-banded armadillo

		100		49.85		4028		Dasypus novemcinctus		nine-banded armadillo

		100.2		52.6		4029		Dasypus novemcinctus		nine-banded armadillo

		104.1		68.05		4031		Dasypus novemcinctus		nine-banded armadillo

		96.91		56.4		average
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		CL		Number		Species		Common name		CL		TW		ML		MF				Bins		# specimens

		88.40		4026		Dasypus novemcinctus		nine-banded armadillo		88.40		2.40		68.30		52.90				86 to 90		1

		91.20		4032		Dasypus novemcinctus		nine-banded armadillo		91.20		2.90		66.90		57.65				90 to 94		2

		93.90		4030		Dasypus novemcinctus		nine-banded armadillo		93.90		2.40		78.30		54.15				94 to 98		6

		94.70		4036		Dasypus novemcinctus		nine-banded armadillo		94.70		2.70		71.55		50.95				98 to 102		5

		95.30		4040		Dasypus novemcinctus		nine-banded armadillo		95.30		2.30		75.80		56.05				over 102		1

		97.00		4033		Dasypus novemcinctus		nine-banded armadillo		97.00		2.20		76.15		59.70

		97.20		4035		Dasypus novemcinctus		nine-banded armadillo		97.20		2.80		75.85		53.60				85 to 88		0

		97.90		4027		Dasypus novemcinctus		nine-banded armadillo		97.90		2.20		80.70		56.30				88 to 91		1

		98.00		4038		Dasypus novemcinctus		nine-banded armadillo		98.00		2.50		70.00		47.40				91 to 94		2

		98.10		4037		Dasypus novemcinctus		nine-banded armadillo		98.10		3.10		77.70		64.65				94 to 97		3

		98.40		4034		Dasypus novemcinctus		nine-banded armadillo		98.40		2.80		79.05		55.55				97 to 100		7

		99.20		4039		Dasypus novemcinctus		nine-banded armadillo		99.20		3.30		80.60		66.55				100 to 103		2

		100.00		4028		Dasypus novemcinctus		nine-banded armadillo		100.00		2.80		75.90		49.85				103 to 106		1

		100.20		4029		Dasypus novemcinctus		nine-banded armadillo		100.20		2.80		79.20		52.60				over 106		0

		104.10		4031		Dasypus novemcinctus		nine-banded armadillo		104.10		2.50		81.00		68.05

		96.91		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		96.91		average		Dasypus novemcinctus				96.91		2.65		75.80		56.40

		85.85		4045		Didelphis virginiana		Virginia opossum		85.85		7.10		68.25		47.70

		89.95		4043		Didelphis virginiana		Virginia opossum		89.95		7.25		73.45		53.80

		96.55		4041		Didelphis virginiana		Virginia opossum		96.55		8.55		78.85		54.90

		99.85		4042		Didelphis virginiana		Virginia opossum		99.85		6.30		80.60		65.25

		99.95		4044		Didelphis virginiana		Virginia opossum		99.95		7.15		82.60		58.85

		94.43		average		Didelphis virginiana				94.43		7.27		76.75		56.10

		94.43		average		Didelphis virginiana				94.43		7.27		76.75		56.10
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