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SYLLABUS


COURSE NUMBER: BIO 1114	COURSE TITLE: Biological Sciences II CREDITS:	4
PRE-REQUISITES: BIO 1113

COURSE DESCRIPTION: The second half of a two-course sequence designed to give students majoring in the sciences an intensive introduction to the biological sciences.
Topics covered in this course include evolution, taxonomy, anatomy and physiology of plants and animals, behavior and ecology.

COURSE LEARNING OUTCOMES:

· Biological Research (how to design, conduct and report research in biology):
· Students will engage in inquiry-based assignments and projects.
· Students will become familiar with the scientific method, experimental design, data collection and data analysis through their own experimental research.
· Students will search, read, and apply the scientific literature pertaining to their experiments.
· Students will learn about designing, conducting, and reporting research in biology through their own semester-long research projects and through weekly laboratory work.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Principles of biological evolution:
· Students will gain an understanding of the theory of evolution and be able to describe the evidence for the theory as well as the mechanisms of evolutionary change.
· Students will understand how evolution illuminates modern biological research and our knowledge of taxonomy, organism diversity, and ecological relationships.
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· Students will gain an understanding of the processes that lead to adaptation and biological diversity.
· Historical development and perspectives in Biology:
· Students will be able to describe the historical development of the theory of evolution.
· Students will understand the contributions of significant figures whose work and ideas led to the theory of evolution (including Ray, Linnaeus, Buffon, Lamarck, Wallace, and Darwin).
· Similarities and differences among animals, plants, fungi, microorganisms, and viruses:
· Students will be able to describe the similarities and differences among the taxonomical groupings of organisms including the viruses, prokaryotic domains, and the eukaryotic kingdoms, with particular emphasis on plants and animals.
· Students will be able to recognize differences among these groups on molecular, cellular, and organismal levels.
· Students will understand that all living organisms consist of cells and understand the differences between prokaryotic and eukaryotic cells.
· Students will recognize the differences between plant and animal cell structure and function including their respective organelles and other components, particularly cell membranes.
· Form and function of living organisms:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will examine and describe the nervous system, the respiratory system and the musculo-skeletal system and mechanisms of internal transport and regulation in various organisms.
· Students will understand the fundamentals of the endocrine system at the systemic level.
· Principles and practices of biological classification:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will understand phylogenies and how they are constructed.
· Students will gain an understanding of the new classification of animals and the research upon which the re-classification is based.
· Students will understand the differences among the major invertebrate and vertebrate animal phyla in terms of structure, function, life history and evolutionary relationships and how these differences inform the classification of animals.
· Ecological systems including the interrelationships and dependence of organisms with each other and the environment:

· Students will learn about species interactions such as predation and competition.
· Students will understand the interaction of living organisms with their environments.
· Students will be able to track the flow of energy and nutrients through ecosystems.
· Students will be able to describe the principles of conservation biology.
· Behavior of organisms and their relationships to social systems:
· Students will become familiar with various types of animal behaviors including the advantages and disadvantages of social behavior.
· Applications of biology:
· Students will integrate media reports of scientific findings into their explorations of evolution, diversity, and ecology.
· Students will use the scientific literature to inform their own semester-long research projects.
· Students will become familiar with arguments associated with preserving and protecting the environment and endangered species.


OHIO TRANSFER 36 NATURAL SCIENCE LEARNING OUTCOMES

1. Understand the basic facts, principles, theories, and methods of modern science.
2. Explain how scientific principles are formulated, evaluated, and either modified or validated.
3. Use current models and theories to describe, explain, or predict natural phenomena.
4. Apply scientific methods of inquiry appropriate to the discipline to gather data and draw evidence-based conclusions.
5. Demonstrate an understanding that scientific data must be reproducible but that it shows intrinsic variation and can have limitations.
6. Apply foundational knowledge and discipline-specific concepts to address issues or solve problems.
7. Explain how scientific principles are used in understanding the modern world and understand the impact of science on the contemporary world.
8. Gather, comprehend, apply, and communicate credible information on scientific topics, evaluate evidence-based scientific arguments in a logical fashion, and distinguish between scientific and non-scientific evidence and explanations.

TAG LEARNING OUTCOMES:

CORE CONCEPTS:

I. EVOLUTION Student Learning Outcomes
1. Describe the evidence for evolution.
2. Identify the evolutionary processes that lead to adaptation and biological diversity.

3. Describe the evidence that endosymbiotic events resulted in the evolution of eukaryotic cells from prokaryotic ancestors.
4. Correlate the processes and results of scientific inquiry with the remodeling of animal phylogenetic relationships.
5. Explain how genomic comparisons allow phylogenetic relationships to be determined.

II. STRUCTURE AND FUNCTION Student Learning Outcomes
1. Relate levels of biological organization from cells, the basic unit of life, to the organism and the relationship of structure to function at all levels of biological organization.
2. Explain the basic structures and fundamental processes of life at the molecular, cellular, and organismal levels.
3. Recognize cells as the basic unit of life in all living organisms; compare and contrast the differences between prokaryotic and eukaryotic cells.
4. Compare plant and animal cell structure and function, including their respective organelles and other components
5. Describe the general organization of the animal body and vascular plants.
6. Describe and contrast reproduction and development in plant and animal systems.
7. Compare the structure of nutrient procurement and processing systems in plants and animals.
8. Describe the structure and function of the nervous system, the musculo-skeletal system, the respiratory system, and the mechanisms of internal transport and regulation in various organisms.
9. Explain differences in structure and function among the major invertebrate and vertebrate clades in terms of nutrition, life history, and evolutionary relationships.
III. INFORMATION FLOW, EXCHANGE, AND STORAGE Student Learning Outcomes
1. Outline the fundamentals of the endocrine system at the systemic level.
2. Describe basic processes of infectious disease and defense against infection (TAG outcome III 2 is covered in BIO 1113 OSC003)

IV. PATHWAYS AND TRANSFORMATIONS OF ENERGY AND MATTER Student
Learning Outcomes
1. Explain how energy moves through an ecosystem.

V. SYSTEMS Student Learning Outcomes
1. Explain how regulatory mechanisms at the level of the whole organism ensure balance in living systems that interact continuously with their environments; compare regulatory mechanisms within and across species.
2. Describe the relationship between life forms and their environment and ecosystems.
3. Describe the different types of relationships that exist between living organisms.
4. Explain how populations grow and how this can be described mathematically.

5. Describe the basic principles of conservation biology.
6. Describe and explain various types of animal behavior.
7. Describe advantages and disadvantages of social behavior.

CORE COMPETENCIES:

VI. PERSPECTIVES IN BIOLOGY Student Learning Outcomes (Demonstrated within the relevant concepts)
1. Describe representative historical developments and perspectives in biology, including contributions of significant figures and underrepresented groups, and the evolution of theories in biology.
2. Compare costs and benefits of preserving endangered species and protecting the environment.
3. Apply knowledge learned from the classroom with real life situations.

VII. PRACTICES IN BIOLOGY Student Learning Outcomes (Demonstrated within the relevant concepts)
1. Illustrate the scientific method through analysis of major biological discoveries.
2. Characterize the scientific method and its limitations in the search for answers to biological questions.
3. Document the solution to scientific problems through collection and analysis of experimental data and the preparation of scientific reports.
4. Collect, organize, analyze, interpret, and present quantitative and qualitative data and incorporate them into the broader context of biological knowledge.
a. Demonstrate the ability to make precise measurements.
b. Demonstrate basic microscopy skills.
c. Demonstrate safe and proper use of experimental techniques and tools/instruments.
d. Use biological specimens to explain the relationship between structure and function.
5. Utilize current research literature, online information, and information related to scientific and biological issues in the mass media in written and oral reports.

COURSE MATERIALS:
· Textbook: Brooker, Widmaier, Graham and Stiling. Biology. McGraw-Hill
· Laboratory Manual: Laboratory Manual for Biology 1114, selected labs from Biology Laboratory Manual by Vodopich and Moore and from Biological Investigations by Dolphin, Vleck, Colbert, and Westgate. McGraw-Hill

STANDARDS AND METHODS FOR EVALUATION:

	Assessment Type
	Number
	Points
	Total

	Homework
	15
	5
	75

	Article Reviews
	2
	15
	30

	Labs Reports
	13
	10
	130

	Research Project
	1
	100
	100

	Tests
	2
	100
	200

	Final Exam
	1
	150
	150

	
	
	
	685


Grading Scale: 90-100%=A, 80-89%=B, 70-79%=C, 60-69=D, below 60%=E SPECIAL COURSE REQUIREMENTS:
All students must earn at least 70% of the total number of laboratory experiment report points in the course in order to receive a passing grade in the course.

COLLEGE SYLLABUS STATEMENTS

Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at Standard Syllabus Statement | Columbus State Community College (cscc.edu).

UNITS OF INSTRUCTION, OUTCOMES, AND ASSESSMENT ALIGNMENT

Week 1
· Unit of Instruction: Principles of biological evolution, Historical Development and Perspectives in Biology, Biological Research, Applications of biology
· Assigned Reading: Chapter 22 “An Introduction to Evolution” in the textbook and the safety information in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will gain an understanding of the theory of evolution and be able to describe the evidence for the theory as well as the mechanisms of evolutionary change.
· Students will be able to describe the historical development of the theory of evolution.
· Students will understand the contributions of significant figures whose work and ideas led to the theory of evolution (including Ray, Linnaeus, Buffon, Lamarck, Wallace, and Darwin).
· Laboratory Learning Outcomes:
· Students will become familiar with the scientific method, experimental design, data collection and data analysis through their own experimental research.
· Students will use the scientific literature to inform their own semester-long research projects.

· Laboratory Activities:
· Safety Training: Describe the rules and procedures necessary for the safe operation of the biology laboratory including the safe and proper handling of microscopes, glassware, scales, dissection tools, and other common laboratory equipment.
· Introduction to the Research Project: “The Scientific Method and Research Methods.” Students will work throughout the semester on a research project. They will learn about the project and the associated assignments. They will learn about their experimental subjects and about the steps needed to complete the semester-long project. During the semester, students will make observations, formulate hypotheses, design, and conduct two experiments, collect data, employ statistical tests to analyze data, and present their findings. They will submit assignments related to the research project throughout the semester, such as a literature search, experimental design, data analysis, and a final presentation.
· OT36 Natural Science Learning Outcomes: 1, 2, 3, 4
· TAG Learning Outcomes: I: 1, 2; VI: 1; VII: 1, 2, 3, 4c, 5
· Assessment Methods:
· Homework: Questions related to Chapter 22 “An Introduction to Evolution”

Week 2
· Unit of Instruction: Principles of biological evolution
· Assigned Reading: Chapters 23 “Population Genetics” and 24 “Origin of Species and Macroevolution” in the textbook and Lab 1 “Evolution: Natural Selection and Morphological Change.” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will understand how evolution illuminates modern biological research and our knowledge of taxonomy, organism diversity, and ecological relationships.
· Students will gain an understanding of the processes that lead to adaptation and biological diversity.
· Students will be able to describe several lines of evidence for the theory of evolution as well as the agents of evolutionary change.
· Students will understand the forces that lead to changes in gene frequency in populations.
· Students will understand the species concept and mechanisms of speciation.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:

· Lab 1 “Evolution: Natural Selection and Morphological Change”
· Students test the null hypothesis that natural selection does not affect the gene frequencies in a population.
· Students perform an activity on natural selection and the Hardy-Weinberg equation. Students hypothesize the outcome of negative pressure on allelic frequencies of a population. Students are divided into different groups, each assigned by the instructor a different negative pressure percentage. Students tabulate their data and share the class values and draw conclusions. They collect data based on a natural selection activity and determine the frequency of the dominant allele (p) and the recessive allele (q) for their population under different circumstances based on their own data. They use their data to make predictions about future changes in gene frequency.
· Predict the mode of locomotion of a unicellular algae Chlamydomonas based on previous knowledge. Use a compound microscope and a standard microscope slide or a concavity to conclude locomotion due to the biflagellate structure.
· Hypothesize evolutionary changes lead to a greater complexity - Using a compound microscope and concavity slides, Volvocine line of algae including Chlamydomonas, Gonium, Pandorina, Eudorina, and Volvox are examined. Number of cells are counted, and the size of colonies are measured. Students draw conclusion that from simplest to more modern line, increases in cell size and colony size contribute to more complexity.
· Structure and functional specialization of cells and the isogamy vs oogamy reproductive specialization are also studied. students also construct a phylogeny for these species and report on their similarities and differences in a table.
· Inquiry Based Learning assignment provided to groups of students by the instructor based on an observation that natural selection can change allelic frequencies. Negative selection pressure (an environment that reduces reproduction by a particular phenotype) against a homozygous genotype can reduce allelic frequencies in only a few generations. The results of selection against heterozygotes may differ.
· Question assigned to students: How would selection against heterozygous individuals over many generations affect allelic frequencies in a population?
· Students will formulate and record a question regarding selection against heterozygotes and its effect on allele frequencies.
· Students will write a null and alternative hypothesis for this experiment, identify dependent and independent variables.
· Students will describe their experimental design and procedures, and identify their control and experimental groups.
· Students will identify what safety procedures should be incorporated in their methodology.

· Students will determine the appropriate way to graphically represent the data.
· Students will decide if their data supports their null or alternate hypothesis.
· During this lab, students will begin work on their research project. They will learn about independent and dependent variables, controlled variables, control and experimental groups, replication, sample size and null and alternative hypotheses. They will learn about the experimental subjects (examples: seeds, insecticidal nematodes, beetles) and their needs as well as how the experiment will be designed, the types of lab equipment available to them, and the number of replicates they should consider.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: I: 2, 3, 4, 5; VI: 3; VII: 1, 3, 4
· Assessment Methods:
· Homework: Questions related to Chapters 23 “Population Genetics” and 24 “Origin of Species and Macroevolution”
· Lab Report: Lab 1 “Evolution: Natural Selection and Morphological Change.” Students complete and submit their labs.

Week 3
· Unit of Instruction: Principles of biological evolution, Similarities and Differences among Animals, Plants, Fungi, Microorganisms and Viruses
· Assigned Reading: Chapter 25 “Taxonomy and Systematics” and Chapter 26 “History of Life on Earth and Human Evolution” in the textbook and Lab 2 “Survey of the Prokaryotes: Kingdoms Archaebacteria and Bacteria” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will understand how evolution illuminates modern biological research and our knowledge of taxonomy, organism diversity, and ecological relationships.
· Students will gain an understanding of the processes that lead to adaptation and biological diversity.
· Students will understand that all living organisms consist of cells and understand the differences between prokaryotic and eukaryotic cells.
· Students will be able to describe the similarities and differences among the taxonomical groupings of organisms including the viruses, prokaryotic domains.
· Students will be able to describe how taxonomy and evolution are related.
· Students will be able to categorize organisms into domains and kingdoms.
· Students will be able to outline a timeline of evolution. Students will understand how extinction supports the theory of evolution.
· Students will apply their knowledge of evolution to the prokaryotes.
· Laboratory Learning Outcomes:

· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 2 “Survey of the Prokaryotes: Kingdoms Archaebacteria and Bacteria.”
· Students will be informed that they will be using Bunsen burners. They will be instructed on the safe and proper usage of these tools. Additionally, safety googles use will be stressed at this time. Hand washing will be stressed. The instructor will guide and interact with the students to make sure all safety protocols are followed.
· Using compound microscope and several prepared slides of Gram positive and Gram-negative bacteria, students identify different shapes and arrangements.
· Gram’s Staining Experiment: Students practice lab techniques used in microbiology such as aseptic slide preparation and microscopy. Students prepare slides of known and unknown species of bacteria and perform a Gram stain. They examine the resulting slides and determine cell shape and whether the species are Gram positive or Gram negative.
· Students observe growth plates of bacteria. They describe and measure the colony morphology of 4 to 6 species. They match their observations to known descriptions of the colonies of their bacterial species.
· Students test the null hypothesis that the type of antibiotic does not affect bacterial growth by measuring the distance between antibiotic disks and bacterial growth on Petri dishes. Using their data, they determine the relative effectiveness of each type of antibiotic. Students will be instructed to take these distances and use them to make a score (Example: 1=very effective, 2=effective, 3=moderately effective, 4=slightly effective, 5=Not effective) These scores will be used as a standard in the Fungus lab.
· Students observe root nodules containing nitrogen-fixing bacteria and learn about the importance of bacterial nitrogen fixation in the nitrogen cycle. Students prepare slides of filamentous and colonial cyanobacteria. They construct a table to show the morphological and habitat similarities and differences between photosynthetic and heterotrophic bacteria.
· Students practice a hand-shaking experiment as assigned by the instructor to predict the spread of infection in a population and draw a conclusion. The experiment will produce genuine results among the lab groups. The instructor will assign one student a different bacteria species and the class will track the transmission of the bacteria.
· As part of the research project, students will submit answers to questions about their experimental subjects, they will suggest independent variables to

test and a preliminary experimental design, and they will observe the experimental subjects.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: I: 2, 3, 4, 5; I: 2, II: 1, 2, 3; VII: 3, 4, 5
· Assessment Methods:
· Homework: Questions related to Chapter 25 “Taxonomy and Systematics” and Chapter 26 “History of Life on Earth and Human Evolution”
· Article Review: Students will read a current article from a mass media source that describes natural selection. The article may describe antibiotic resistance, or another example of natural selection. Students will determine whether the case describes directional, stabilizing, or disruptive (also called diversifying) selection. Students will create graphs to show the change in phenotype over time.
· Lab Report: Lab 2 “Survey of the Prokaryotes: Kingdoms Archaebacteria and Bacteria.” Students complete and submit their labs.
· Research Project: Students research the experimental subjects and complete a worksheet with questions on the experimental subject and their ideas for independent variables to test.

Week 4
· Unit of Instruction: Similarities and Differences among Animals, Plants, Fungi, Microorganisms and Viruses
· Assigned Reading: Chapter 27 “Archaea and Bacteria” and Chapter 28 “Protists” and Lab 3 “Survey of Protists: The Algae, Protozoa, and Slime Molds” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will be able to describe the similarities and differences among the taxonomical groupings of organisms including the viruses, prokaryotic domains, and the eukaryotic kingdoms, with particular emphasis on plants and animals.
· Students will be able to recognize differences among these groups on molecular, cellular, and organismal levels.
· Students will understand that all living organisms consist of cells and understand the differences between prokaryotic and eukaryotic cells.
· Students will be able to list several ways in which the prokaryotic domains differ from each other as well as how they differ from the Eukarya.
· Students will be able to identify types of bacteria and understand various metabolic processes seen in the prokaryotes.
· Students will understand the revisions underway in the classification of the Protista and be able to distinguish among the major groups of Protista.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.

· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 3 “Survey of Protists: The Algae, Protozoa, and Slime Molds.”
· Performance of lab work to identify differences among the photosynthetic groups of Protista, with continued work in microscopy.
· Students hypothesize Chlamydomonas’s ability to photosynthesize. Using a compound microscope students identify stigma for light detection and chloroplast for photosynthesis.
· Students prepare slides of living specimens of unicellular algae, and they observe asexual and sexual reproduction in a single-celled green algal species.
· Students use their observations to determine the circumstances under which this species would use each reproductive strategy. Students investigate the effect of pH on the frequency of syngamy.
· Students prepare slides of two species of filamentous algae and draw comparisons between them based on chloroplast morphology, color, and growth habit.
· Students also observe living specimens of a colonial green algal species.
· Students compare the structures and functions of the single-celled species to the filamentous and colonial species. Students observe multicellular brown and red algae as well as preserved specimens of diatoms, dinoflagellates, and euglenoids. 
· Students create a table describing the plant-like and animal-like characteristics of Euglena and specify which characteristics conclusively define a plant and which ones define an animal. These species provide examples of six of the eukaryotic supergroups and give students an understanding of the complex taxonomy of eukaryotic organisms. Based on their observations, students construct a table showing the similarities and differences among the types of algae in these six supergroups.
· Students examine two different Filamentous Green Algae. Students make a wet mount of Spirogyra and identify the chloroplast under a compound microscope. Students make a wet mount of Cladophora and identify the chloroplast under a compound microscope. Students notice the difference in chloroplast arrangements, both contributing to photosynthesis.
· Inquiry Based Learning assignment provided to groups of students by the instructor based on an observation: Algae are affected by environmental changes involving nutrients, pollutants, and temperature changes. As a result, algal growth can be used to monitor environmental changes (e.g., eutrophication).
· Question assigned to students: How can algae be used to monitor environmental conditions?

· Students will formulate and record a question regarding how algae can be used to monitor environmental conditions.
· Students will write a null and alternative hypothesis for this experiment, identify dependent and independent variables.
· Students will describe their experimental design and procedures, and identify their control and experimental groups.
· Students will identify what safety procedures should be incorporated in their methodology.
· Students will determine the appropriate way to graphically represent the data.
· Students will decide if their data supports their null or alternate hypothesis.
· Protozoa and Slime Molds.” Students prepare slides of living amoeba and observe their structure and movement. They speculate about the function of various organelles, such as food vacuoles.
· Students observe foraminiferans and trypanosomes and compare their niches and structures. Students learn about and observe the organisms that cause African sleeping sickness and malaria, and they compare the two protists and the two diseases.
· Students prepare slides of living paramecia and vorticella and compare them to the other Protista in terms of structure, food procurement, reproduction, and movement.
· Students observe living slime molds and their cytoplasmic streaming. They learn about the life cycle of slime molds.
· Based on their observations, students construct a table showing the similarities and differences among the Protista in these six supergroups and compare them to the supergroups from the previous lab.
· During this lab period, students will submit a literature search on their experimental subject. Each student will find and report on two scientific journal articles about experiments like the ones they will conduct. The students will work in groups of four and discuss the information everyone gathered from the articles. They will discuss a preliminary experimental design within their group and with the instructor.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 1, 2, 3; VII: 3, 4, 5
· Assessment Methods:
· Homework: Questions related to Chapter 27 “Archaea and Bacteria” and Chapter 28 “Protists”
· Lab Report: Lab 3 “Survey of Protists: The Algae.” Students complete and submit their labs.
· Research Project: Students find and review two articles from scientific journals about experiments of the same type they will conduct in class. They discuss their findings with other members of their groups.

Week 5
· Unit of Instruction: Similarities and Differences among Animals, Plants, Fungi, Microorganisms and Viruses
· Assigned Reading: Chapter 28 “Protists” in the textbook, continued and Lab 4 “Survey of Protists: Protozoa and Slime Molds.” In the Laboratory Manual
· Lecture Learning Outcomes:
· Students will be able to describe the similarities and differences among the taxonomical groupings of organisms including the viruses, prokaryotic domains, and the eukaryotic kingdoms, with particular emphasis on plants and animals.
· Students will be able to recognize differences among these groups on molecular, cellular, and organismal levels.
· Students will recognize the differences between plant and animal cell structure and function including their respective organelles and other components, particularly cell membranes.
· Students will continue to explore the Protista in both lab and lecture.
· Students will explore the evolution of the various metabolic and life strategies among the Protista.
· Students will become familiar with disease-causing Protistans such as malaria.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 4 “Survey of the Kingdom Fungi: Molds, Sac Fungi, Mushrooms and Lichens.”
· Students observe single-celled and multicellular fungi, under the microscope, in cultures, and as live specimens. Students observe representative samples of four fungal phyla. Students prepare slides from a culture of chytrids and observe their morphology. They learn about their reproduction.
· Students examine Zygomycota grown on bread and recognize features of the different species that are present. They learn about their structures. Students prepare a slide of Rhizopus, a type of Zygomycota. They find the diploid and haploid structures of Rhizopus and learn about its reproduction.
· Students examine fungi with conidia, such as Penicillium and Saccharomyces. Students examine prepared slides of Penicillium, and they prepare slides of Saccharomyces from a culture.

· Students observe and learn about the life cycle of Ascomycota. They observe structures of representative Basidiomycota. Students learn about the presence of dikaryotic cells in fungi.
· Students learn about and observe various species of lichens and their forms and habitat. Based on their observations, students construct a table to compare the structures and reproduction of the fungal phyla.
· Students will conduct an inquiry-based project that will take different molds from the moldy bread exercise and explore if some of those species can inhibit bacterial growth. Each group will get a different species, and one group will use the penicillin as a type of control. The instructor will assign which group will get each species of mold to introduce natural variability. The plates will incubate for one week. The diameter, if any, of the zone of inhibition will provide realistic measurements of physical qualities that will be shared with other groups. The unique data that they collect will be compared with the “Measurement of Antibiotics” in Lab 2 “Survey of Prokaryotes”. The students could then ascertain what antibiotic the fungus is releasing. Students will be reminded to wear googles when dealing with bacteria and wash hands afterwards.
· Fungi can play an important symbiotic role in nature. Students are provided with young and mature roots grown in fumigated soil and roots from natural soil. Lab safety guidelines are emphasized by the instructor and subsequent instructions are to prepare roots for mycorrhizal infection. Roots are treated with KOH and Trypan Blue Stain and rate of infection is determined using a grid and microscope.
· During this lab, student groups will present their experimental designs to the class for peer review. The group will submit a written design that includes hypotheses, predictions, and materials required for the experiment.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 1, 2, 3, 4; VII: 3, 4, 5
· Assessment Methods:
· Homework: Questions related to Chapter 28 “Protists”
· Lab Report: Lab 4 “Survey of the Kingdom Fungi: Molds, Sac Fungi, Mushrooms and Lichens.” Students complete and submit their labs.
· Research Project: Students will present their experimental design and after peer review of the design, each group will submit a written version of the experimental design.
· Test: Test 1 on Chapters 22-28 Evolution, Taxonomic Principles, the Prokaryotes (Bacteria and Archaea) and the Protista

Week 6
· Unit of Instruction: Similarities and Differences among Animals, Plants, Fungi, Microorganisms and Viruses
· Assigned Reading: Chapter 29 “Fungi” in the textbook and Lab 5 “Survey of the Plant Kingdom: Bryophytes and Seedless Vascular Plants” in the Laboratory Manual
· Lecture Learning Outcomes:

· Students will be able to describe the similarities and differences among the taxonomical groupings of organisms including the viruses, prokaryotic domains, and the eukaryotic kingdoms, with particular emphasis on plants and animals.
· Students will be able to recognize differences among these groups on molecular, cellular, and organismal levels.
· Students will understand that all living organisms consist of cells and understand the differences between prokaryotic and eukaryotic cells.
· Students will be able to discuss the general structure, metabolic processes, and reproduction of fungi.
· Students will be able to list the characteristics of the fungal phyla.
· Students will understand the role of fungi as a food source and as a cause of disease in plants and animals.
· Laboratory Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 5 “Survey of the Plant Kingdom: Bryophytes and Seedless Vascular Plants”
· Students observe bryophytes and learn to distinguish among mosses, liverworts, and hornworts. Students also learn about the ferns and fern allies. Students learn about alternation of generations in the life cycle of plants, and they learn to distinguish gametophyte structures from sporophyte structures. Students learn about structures involved in asexual and sexual reproduction in the bryophytes. Students observe prepared slides and living specimens of plants.
· Inquiry Based Learning assignment provided to groups of students by the instructor based on an observation: The “resurrection” of a “resurrection plant” (Selaginella) involves the rapid absorption of water. This, in turn, triggers other changes in the plant that “revive” the plant. Using a digital scale, students weigh dry Resurrection plants.
· Question assigned to students: Are Resurrection plants subject to different temperature and light? Students will record the change of color and the rate of expansion.
· Students will write a null and alternative hypothesis for this experiment, identify dependent and independent variables.
· Students will describe their experimental design and procedures. Identify their control and experimental groups.
· Students will identify what safety procedures should be incorporated in their methodology.

· Students will determine the appropriate way to graphically represent the data.
· Students will decide if their data supports their null or alternate hypothesis.
· Students conduct an experiment to test the hypothesis that Sphagnum moss can absorb and hold more water than the same mass of paper towel. They predict the outcome, conduct the experiment, and report the results. Students learn about the life cycle of ferns and the reduced size of the gametophyte stage. Students observe living specimens of ferns with sori.
· Students test the hypothesis that environmental factors affect reproductive strategies of fern. Using a compound microscope, a fern sorus slide is prepared where water is added to the sorus and look at the results. Another slide is prepared where acetone is added to the sori and look at the result of spore release. Students compare the two outcomes and conclude which condition encourages spore release.
· Students observe the release of spores under the microscope. Students observe fern antheridia and archegonia and answer questions related to these structures and sexual reproduction in ferns. Students observe slides and living specimens of fern allies, whisk ferns and horsetails. Students explore the phylum Lyocophyta with questions about their habitat, reproduction, and leaf structure.
· Students hypothesize if mosses possess specialized structures for photosynthesis. Using a compound microscope, a wet mount of a gametophyte leaflet is prepared. Students identify and conclude pores rather than stomata are responsible for photosynthesis.
· Students speculate bryophytes do not have true tissues by preparing a wet mount of moss leaflet and counting the number of cell layers in the leaflet.
· Students produce a table that identifies thirteen plant structures as either gametophyte (haploid) or sporophyte (diploid) and they describe the function of each structure.
· As part of the research project, students will set up their experiments.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 1, 2, 3 and VII 3, 4
· Assessment Methods:
· Homework: Questions related to Chapter 29 “Fungi”
· Lab Report: Lab 5 “Survey of the Plant Kingdom: Bryophytes and Seedless Vascular Plants” Students will complete and submit their labs.
· Research Project: Students will set up an experiment.

· Week 7
· Unit of Instruction: Similarities and Differences among Animals, Plants, Fungi, Microorganisms and Viruses and Form and Function of Living Organisms

· Assigned Reading: Chapter 31 “Plants and the Conquest of Land” and Lab 6 “Survey of the Plant Kingdom: Gymnosperms of Phyla Cycadophyta, Ginkgophyta, Coniferophyta, and Gnetophyta”
· Lecture Learning Outcomes:
· Students will recognize the differences between plant and animal cell structure and function including their respective organelles and other components, particularly cell membranes.
· Students will describe the general organization of the animal body and vascular plants.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plants and animals.
· Students will understand the timeline of the evolution of plant adaptations to life on land.
· Students will be able to describe the function of plant structures such as vascular tissue, the waxy cuticle, and stomata.
· Students will describe the life cycle of plants and understand the functions of the gametophyte and sporophyte stages.
· Students will describe the morphology, reproduction, and habitat of the three phyla of bryophytes, the pteridophytes, and the lycophytes.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Students will engage in inquiry-based assignments and projects.
· Students will become familiar with the scientific method, experimental design, data collection and data analysis through their own experimental research.
· Students will learn about designing, conducting, and reporting research in biology through their own semester-long research projects and through weekly laboratory work.
· Laboratory Activities:
· Lab 6 “Survey of the Plant Kingdom: Gymnosperms of Phyla Cycadophyta, Ginkgophyta, Coniferophyta, and Gnetophyta.”
· Students learn about the differences among the four phyla of gymnosperms. They observe large-scale models of these plants and plant parts as well as living specimens.
· Students learn about the life cycles of gymnosperms, and they recognize their gametophyte and sporophyte stages. Students observe and answer questions about gymnosperm structures such as needle-like leaves and male and female cones.
· Students observe prepared slides of pine pollen and speculate on the function of their wing-like appendages.

· Students learn about seed formation in conifers. Students describe the difference between pollination and fertilization.
· Students measure the length of a one-year-old, a two-year-old and a mature female cone. They also measure the scale gap on each of these female cones and create a graph relating the cone size with the scale gap. On a mature female cone, students pull back one of the scales and locate and remove the seeds. If there are no seeds, they speculate the number of seeds per scale. They observe a seed with wings and speculate the function of the wings.
· Previously exposed, students notice pine's resilience under dry conditions. Students hypothesize pine leaves(needles) contribution to such resilience. Students dissect a pine leaf and view under a compound microscope, identifying different structures including the characteristics of cuticle, epidermis, sunken stomata, resin ducts and photosynthetic tissue. Students notice the thick cuticle and sunken stomata that have been reduced in number.
· Some gymnosperms including pine seem to remove or block air bubbles in their xylem when conditions are hot and dry where other plants suffer. Students compare the structure of the xylem tracheid in a pine vs. that of an angiosperm xylem tracheid, and draw conclusions as to why and which structure contributes to the success of pine in removing or blocking the air bubbles.
· Using a compound microscope and prepared slides of xylem of a pine and an angiosperm, students identify the torus in xylem tracheid of pine and compare it with the xylem tracheid of an angiosperm. Students speculate on the presence and function of torus in the pine’s xylem tracheid.
· Based on their observations, students construct a table showing the similarities and differences among the gymnosperm phyla.
· Students will each be provided a simulated tree ring by the instructor that could span between the years AD 1402 to 1960. Student will measure the width of each tree ring using a ruler and record this data. They will then use this data to infer climatic conditions by collaborating with other students. Furthermore, the students will construct a time-series analysis graph with this data set. Students will learn more about tree growth and dendrochronology by observing actual tree cores and cross sections of tree secondary growth.
· Students will collect the results from their experiments.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 4, 5, 6, 7, and VI: 3 and VII: 4.
· Assessment Methods:
· Homework: Questions related to Chapter 31 “Plants and the Conquest of Land”

· Lab Report: Lab 6 “Survey of the Plant Kingdom: Gymnosperms of Phyla Cycadophyta, Ginkgophyta, Coniferophyta, and Gnetophyta” Students will complete and submit their labs.
· Research Project: Students will collect the results from their experiments.

Week 8
· Unit of Instruction: Form and Function of Living Organisms
· Assigned Reading: Chapter 32 “The Evolution and Diversity of Modern Gymnosperms and Angiosperms” and Lab 7 “Survey of the Plant Kingdom: Angiosperms” in the Laboratory Manual.
· Lecture Learning Outcomes:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will be able to describe the evolutionary relationships among seedless vascular plants and seed plants.
· Students will understand the innovations that led to seed plants.
· Students will differentiate between gymnosperm and seedless vascular plant reproductive strategies.
· Students will learn about the classification of the gymnosperms and the structures that differentiate the cycads, ginkgoes, and conifers (including the gnetophytes).
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 7 “Survey of the Plant Kingdom: Angiosperms.” Students compare the life cycle and reproductive strategies of angiosperms to the bryophytes, seedless vascular plants, and gymnosperms. Students observe flower models and living flowers. Students dissect a perfect flower and describe the four floral organs, their positions, and their functions. They measure their petals, sepals, filaments, and style.
· The flower structure of some plants may provide a greater process of pollination than others. The instructor assigns flowers to students to dissect. Students conclude if they are epigynous, hypogynous or perigynous. Using a ruler, students measure the distance of the anther with regard to the stigma, and to the plane of the ovary.

· Students are provided with fruits. Students dissect the fruits to determine which are simple, aggregate or multiple fruits.
· Students prepare a wet mount of Zebrina epidermis and identify epidermal cells, guard cells and stomata under a compound microscope. They compare the structure responsible for gas exchange between the Zebrina and that of the pores in moss observed earlier to draw a conclusion on the efficacy of photosynthesis between the two plants.
· Students examine external form of a dicot woody twig and identify the terminal bud, bud scales, node, leaf scars, and the scars extended around the twig. Students use the information to estimate the age of the twig.
· Various vegetative plants, cabbage, cauliflower, kohlrabi, kale, broccoli, and brussel sprouts are provided to students. Students hypothesize the source of origination of these plants with reference to wild mustard. Student groups collaborate and draw conclusions regarding which part of the wild mustard these plants originate.
· The instructor will provide students with various plant food sources (beets, radishes, sweet potatoes, celery, carrots, broccoli, asparagus, eggplant, lettuce, and onion.). Student groups collaborate to determine which plant organs (e.g., modified root, stem, leaf, flower) these plant food sources belong to.
· Test the hypothesis that corn kernel and bean seeds store their food differently. Students dissect soaked corn kernel and bean seeds with a razor blade and stain the cut surfaces with iodine. They observe the staining pattern and the location and draw conclusions
· Students learn about the gametophyte and sporophyte structures in angiosperms. They learn about meiosis in sporophytes, which leads to microspores and megaspores and the eventual fate of these structures. Students observe anthers and prepare a cross section of an anther. They also observe prepared slides of anthers showing phases of meiosis. Students observe pollen grains under the microscope several times throughout the lab period to observe germination in pollen grains. Students examine prepared cross-sections of Lilium ovaries and observe megasporogenesis. Students learn about pollination and fertilization as well as double fertilization.
· Students observe the development of a fruit using a series of prepared slides.
· Students differentiate between monocot and eudicot seeds based on their inner structures.
· Students observe, classify by type, and dissect various types of fruit. Based on their observations, students construct a table showing the similarities and differences in life cycle and structures among the four major plant types.
· As a part of the research project, students will submit a statistical analysis of their experimental results. Students will determine whether their results support their null or alternative hypothesis using either a t-test, an analysis of variance, or a chi-square analysis, depending on the experiment.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II 4, 5, 6, 7, VI: 3, and VII: 3 and 4
· Assessment Methods:

· Homework: Questions related to Chapter 32 “The Evolution and Diversity of Modern Gymnosperms and Angiosperms”
· Lab Report: Lab 7 “Survey of the Plant Kingdom: Gymnosperms of Phyla Cycadophyta, Ginkgophyta, Coniferophyta, and Gnetophyta.” Students will complete and submit their labs.
· Research Project: Students will submit a statistical analysis of their experimental results and explain the value for significance.

Week 9
· Unit of Instruction: Form and Function of Living Organisms
· Assigned Reading: Chapter 32 “The Evolution and Diversity of Modern Gymnosperms and Angiosperms” continued, Chapter 36 “An Introduction to Flowering Plant Form and Function,” Chapter 40 “Flowering Plants: Reproduction” and Lab 8 “From Basal to Bilateral Animals” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will describe how the two major types of flowering plants, monocots and eudicots, differ in form.
· Students will explore leaf, root, and shoot adaptations.
· Students will describe the evolution of angiosperms, including the development of the four flower organs and their functions.
· Students will understand the function of flowers, fruit, and endosperm and their impact on angiosperm success.
· Students will name a variety of pollination mechanisms and seed dispersal mechanisms in angiosperms.
· Students will describe seed development in angiosperms, including double fertilization and endosperm.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 8 “From Basal to Bilateral Animals.” Students observe anatomical structures of three animal phyla: Porifera, Cnidaria, and Platyhelminthes. Students differentiate between animals with and without tissues. Students determine the type of symmetry exhibited by representatives from the three phyla. Students collect evidence during the lab to support or refute the

hypothesis that animal phyla cannot be arranged in a sequence of increasing complexity.
· Students examine specimens of sponges and prepared slides of cross-sections of sponges and draw conclusions about the functions of various structures and cell types. Students learn about how sponges procure and digest food.
· Students learn about Cnidarian structures. Students observe a living hydra and determine its symmetry. By stimulating the hydra, students determine if it has a nervous system or muscles. Students feed the hydra and observe how it obtains and digests food. Students will also watch the hydra for an amount of time to determine long it takes the hydra to capture the water flea. This data will be shared with the class via a table that the instructor will construct.
· Students read about Cnidarian reproduction and answer questions about sexual and asexual reproduction in these animals. Students observe specimens of Gonionemus, a jellyfish. They compare its structures to those of the hydra. Students observe prepared slides of Obelia, a colonial Cnidarian and differentiate between their feeding polyps and reproductive polyps.
· Students learn about bilaterally symmetrical animals, specifically Platyhelminthes. They observe living specimens of a freshwater flatworm. They describe the animal’s eyespots, auricles, and interior networks and their functions.
· Students feed the flatworms and observe how they ingest food. In order to involve realistic measurements, students will be assigned different types of food to provide to the planarias. The type of foods will be as follows: mashed potatoes, onion, beef baby food, liver, agar, and unsalted butter. The students will determine the amount of time it could take a planarian to reach each food source. The instructor will make a table on the board for students to compare results. The students will then discuss why the planarians chose certain foods. Students compare feeding in the hydra and the flatworm.
· Students observe prepared slides of a parasitic flatworm, Clonorchis senensis. They compare them to free-living flatworms and to another parasitic flatworm: the tapeworm. They observe prepared slides of tapeworms and identify various structures such as the scolex.
· Students complete a table that compares the three phyla in terms of their tissues, symmetry, germ layers, organ systems, digestion, feeding habits, and body plan. Based on their data, students decide whether they can support or refute their original hypothesis, that animals in the three phyla observed during this lab cannot be arranged in a sequence of increasing complexity.
· As part of the research project, students will present a second experimental design to the class for peer review. After receiving comments, each student group will submit the design for their second experiment, which will be based on what they learned from the first.
· OT36 Learning Outcomes: 1-8

· TAG Learning Outcomes: II: 4, 5, 6, 7, VI 3, and VII 4
· Assessment Methods:
· Homework: Questions related to Chapter 32 “The Evolution and Diversity of Modern Gymnosperms and Angiosperms,” Chapter 36 “An Introduction to Flowering Plant Form and Function,” and Chapter 40 “Flowering Plants: Reproduction”
· Lab Report: Lab 8 “From Basal to Bilateral Animals.” Students will complete and submit their labs.
· Research Project: Students will present their second experimental design. The second experiment builds on the results from the first experiment. After peer review of the design, each group will submit a written version of the experimental design.

Week 10
· Unit of Instruction: Form and Function of Living Organisms, Principles and Practices of Biological Classification
· Assigned Reading: Chapter 33 “An Introduction to Animal Diversity” in the textbook and Lab 9 “Protostomia: Lophotrochozoa” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will examine and describe the nervous system, the respiratory system and the musculo-skeletal system and mechanisms of internal transport and regulation in various organisms.
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will understand phylogenies and how they are constructed.
· Students will gain an understanding of the new classification of animals and the research upon which the re-classification is based.
· Students will understand the differences among the major invertebrate and vertebrate animal phyla in terms of structure, function, life history, and evolutionary relationships and how these differences inform the classification of animals.
· Students will list the key characteristics of animals that distinguish them from other organisms.
· Students will describe the timeline of animal life on earth.
· Students will gain an understanding of the characteristics that define each of the major animal phyla, specifically those related to symmetry, germ layers, and embryonic development.
· Laboratory Learning Outcomes:

· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 9 “Protostomia: Lophotrochozoa.” Students observe anatomical structures of several animals classified as Lophotrochozoans. They continue to collect evidence during the lab to support or refute the hypothesis that animal phyla cannot be arranged in a sequence of increasing complexity.
· They learn about the characteristic lophophore and trochophore for this group and learn the function of these structures as seen in a bryozoan, some annelids, and some mollusks.
· Students observe prepared slides of a bryozoan and describe its structures and their functions. Students learn about the shared characteristics of annelids. They observe photos of the trochophore larvae of a marine annelid. Students observe living specimens of aquatic clitellate worms. By placing these worms in capillary tubes, students observe the movement of materials through their bodies under the microscope. They measure the rate of peristaltic movement.
· Students perform a dissection of an earthworm and identify structures related to digestion, circulation, excretion, and reproduction. Students describe the shared characteristics of mollusks. They compare mollusk shells from animals in different classes.
· Students dissect a clam and describe the function of its structures.
· Students dissect a squid and compare its structures to the other mollusks.
· Students complete a table that compares Bryozoa, Annelida, and Mollusca in terms of tissues, symmetry, and organ systems.
· Students compare these animals to animals seen in the previous lab. Based on their data, students decide whether they can support or refute their original hypothesis, that animals in the three phyla observed during this lab as well as those in the three phyla of the previous lab cannot be arranged in a sequence of increasing complexity.
· Students will perform a literature search on leeches in the medical field. The work will be conducted in their lab groups. For each group to get different and authentic results, the instructor will assign databases that are available from the college’s library. This project will acquaint students with literature research tools and how to properly cite research articles. The students will use an “Inquiry-Based Learning Worksheet” to guide them through the process of this exercise.
· Question: Are leeches appropriate as a viable medical treatment? What would the medical industry require of leeches before they would

be accepted as safe and effective? Could any animal be used in medicine? Could leeches gathered from a pond be used?
· List the primary sources you used.
· Provide an outline of your findings.
· As part of the research project, students will set up their second experiment.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 4, 5, 6, 7, 8, 9 and VII 3, 4
· Assessment Methods:
· Homework: Questions related to Chapter 33 “An Introduction to Animal Diversity”
· Lab Report: Lab 9 “Protostomia: Lophotrochozoa”. Students will complete and submit their labs.
· Research Project: Students will set up their second experiments.
· Test: Test 2 on Fungi and Plants, Chapters 29, 31, 32, 36, and 40

Week 11
· Unit of Instruction: Form and Function of Living Organisms, Principles and Practices of Biological Classification
· Assigned Reading: Chapter 34 “The Invertebrates” and Lab 10 “Protostomia: Lophotrochozoa” in the Lab Manual
· Lecture Learning Outcomes:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will examine and describe the nervous system, the respiratory system and the musculo-skeletal system and mechanisms of internal transport and regulation in various organisms.
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will understand phylogenies and how they are constructed.
· Students will gain an understanding the new classification of animals and the research upon which the re-classification is based.
· Students will understand the differences among the major invertebrate and vertebrate animal phyla in terms of structure, function, life history, and evolutionary relationships and how these differences inform the classification of animals.
· Students will learn about the characteristics of the invertebrate phyla such as structures, nutrient procurement, and reproduction that enable us to classify them.
· Laboratory Learning Outcomes:

· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 10 “Protostomia: Ecdysozoa.” Students will observe anatomical structures of several animals classified as Ecdysozoans. Students learn the shared characteristics of this group and they observe animals from two phyla: Nematoda and Arthropoda.
· Students dissect a large parasitic nematode and describe it structures related to digestion and reproduction. Students observe living nematodes and prepared cross-sections of nematodes.
· Students learn the characteristics of arthropods. They observe specimens of horseshoe crabs, spiders, and barnacles.
· Students dissect a crayfish and a grasshopper.
· Students complete a table that compares nematodes and arthropods in terms of structures and body plan. Students compare these animals to those observed in the previous two labs. Based on their data, students decide whether they can support or refute their original hypothesis, that animals observed during this lab and Labs 9 and 10 cannot be arranged in a sequence of increasing complexity.
· Students will be assigned unknown insects for them to identify to the Order taxon. Students use a dissecting microscope. The instructor will assign insects from lab collections to the students to make sure they completed the provided dichotomous key correctly. If tools are available and time permits, students and the instructor will be encouraged to collect insects outdoors and use those in lab. This exercise would introduce different physically authentic results among the groups.
· Students will collect the results from the second experiment.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 4, 5, 6, 7, 8, 9 and VII 3, 4
· Assessment Methods:
· Homework: Questions related to Chapter 34 “The Invertebrates”
· Lab Report: Lab 10 “Protostomia: Lophotrochozoa.” Students will complete and submit their labs.
· Research Project: Students will collect the results from their second experiments.

Week 12
· Unit of Instruction: Form and Function of Living Organisms, Principles and Practices of Biological Classification

· Assigned Reading: Chapter 35 “The Vertebrates” and Chapter 50 “Endocrine Systems” in the textbook and Lab 11 “Protostomia: Ecdysozoa” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will describe the general organization of the animal body and vascular plants.
· Students will describe and contrast reproduction and development in plant and animal systems.
· Students will be able to compare and contrast plant and animal strategies in nutrient procurement and processing systems in both plant and animals.
· Students will examine and describe the nervous system, the respiratory system and the musculo-skeletal system and mechanisms of internal transport and regulation in various organisms.
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will understand phylogenies and how they are constructed.
· Students will gain an understanding the new classification of animals and the research upon which the re-classification is based.
· Students will understand the differences among the major invertebrate and vertebrate animal phyla in terms of structure, function, life history, and evolutionary relationships and how these differences inform the classification of animals.
· Students will understand the fundamentals of the endocrine system at the systemic level.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.
· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 11 “Deuterostomes and the Origins of Vertebrates.” Students will observe anatomical structures of several animals classified as Deuterostomes.
· Students learn the shared characteristics of this group and they observe animals from two phyla: Echinodermata and Chordata. Students learn the shared features of echinoderms and observe prepared slides of the early developmental stages of a sea star.
· Students dissect a sea star and describe its structures and their functions. Students learn the features of chordates. They observe tunicates and lancelets.
· Students dissect a fish and relate its structures to those seen in other vertebrates.

· Students complete a table that compares echinoderms and chordates in terms of structures and body plan. Students compare these animals to those observed in the previous three labs. Based on their data, students decide whether they can support or refute their original hypothesis, that animals observed during this lab and during the last three labs cannot be arranged in a sequence of increasing complexity.
· Students will be assigned a different vertebrate skull. Students will not know the species they are assigned. The students will measure different parameters of each vertebrate skull. Using the unique data they collect; they will try to deduce what their vertebrate eats and the species name. They will compare their results with other lab groups to see if they are correct.
· As a part of the research project, students will submit a statistical analysis of the second experimental results. Students will determine whether their results support their null or alternative hypothesis using either a t-test, an analysis of variance, or a chi-square analysis, depending on the experiment.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: II: 4, 5, 6, 7, 8, 9; III: 1, VII 3, 4
· Assessment Methods:
· Homework: Questions related to Chapters 35 “The Vertebrates” and 50 “Endocrine Systems”
· Lab Report: Lab 11 “Protostomia: Ecdysozoa.” Students will complete and submit their labs.
· Research Project: Students will submit a statistical analysis of their second experimental results and explain the value for significance.

Week 13
· Unit of Instruction: Ecological systems including the interrelationships and dependence of organisms with each other and their environments, Behavior of organisms and their relationship to social systems, Applications of Biology
· Assigned Reading: Chapter 54 “An Introduction to Ecology and Biomes,” Chapter 55 “Behavioral Ecology” and Lab 12 “Estimating Population Size, Growth and Dispersion” in the Laboratory Manual
· Lecture Learning Outcomes:
· Students will learn about species interactions such as predation and competition.
· Students will understand the interaction of living organisms with their environments.
· Students will become familiar with various types of animal behaviors including the advantages and disadvantages of social behavior.
· Laboratory Learning Outcomes:
· Students will learn how organisms are classified based on their structures and functions and understand the differences among classes of organisms.

· Students will practice lab skills, particularly microscopy, sample preparation and dissections.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 12 “Estimating Population Size, Growth and Dispersion.” Students will learn about population ecology and how ecologists estimate population size.
· Students will use the mark-and-recapture method and the quadrat sampling method to estimate the size of two populations. They test the null hypothesis that the number marked, and the number captured on the second sampling do not affect percent error of population size. Every group will get different results depending on the random sampling that they perform. The instructor will assign which of the groups will get the assigned sampling scheme. Students determine the optimum number marked and captured to minimize percent error.
· For the quadrat sampling portion, students will use a random number generator to generate variability among the lab groups. Taking that unique data, they will produce a percent error of the population size. They will then share their results from their individual sampling with the class. This will help them to understand the importance of sampling enough to properly represent the true population size. Students compare the quadrat and mark-and-recapture methods and learn when each is suitable. Students will create graphs using population data for a wild species that show exponential and logistic growth. They will learn about the management of populations.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: V: 1-7; VI: 2, 4
· Assessment Methods:
· Homework: Questions related to Chapters 54 “An Introduction to Ecology and Biomes,” Chapter 55 “Behavioral Ecology”
· Lab Report: Lab 12 “Estimating Population Size, Growth and Dispersion.” Students will complete and submit their labs.

Week 14
· Unit of Instruction: Ecological systems including the interrelationships and dependence of organisms with each other and their environments, Applications of Biology
· Assigned Reading: Chapter 56 “Population Ecology,” Chapter 57 “Species Interactions” and Chapter 58 “Communities and Ecosystems: Ecological Organization on Large Scales” and Lab 13 “Community Ecology” in the Laboratory Manual
· Lecture Learning Outcomes:

· Students will be able to track the flow of energy and nutrients through ecosystems.
· Students will be able to describe the principles of conservation biology.
· Students will become familiar with arguments associated with preserving and protecting the environment and endangered species.
· Laboratory Learning Outcomes:
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities:
· Lab 13 “Community Ecology”. Students will study community ecology and how scientists use species richness, species abundance and successional theory to understand community dynamics.
· Students will utilize the line transect method to collect unique data of different species in a defined space. Students will go to a parking lot on campus and measure how many cars are in 100 meters. They will also write down the maker of the vehicle within the 100 meters. The instructor will assign the parking lot to each of the groups, so they are not sampling the same cars. The cars will simulate different “species” in an ecosystem. They will take the data they collected and generate a number for species richness, species abundance, and Simpsons Index. Students will then compare that to another parking lot to better understand in the importance of diversity.
· Students will play the game, “The Floristic Relay”. It is an exercise that teaches them about plant community succession and disturbance dynamics. This game includes random and systematic variability. They will make predictions about the effect that disturbances and different land management programs will have on plant succession. Students will discuss their different roles in the game and compare results with other working groups.
· OT36 Learning Outcomes: 1- 8
· TAG Learning Outcomes: IV: 1; V: 1-5; VI: 2, VII 4, 5
· Assessment Methods:
· Homework: Questions related to Chapter 56 “Population Ecology,” Chapter 57 “Species Interactions” and Chapter 58 “Communities and Ecosystems: Ecological Organization on Large Scales”
· Article Review: Students will read a current article from a mass media source that describes a challenge or solution to preserving biodiversity. The article may describe the fate of an endangered species, the protection or rehabilitation of an ecosystem, or some other biodiversity-related topic. Students will write about the issue and its solution.
· Lab Report: “Community Ecology” Students will complete and submit their labs.

Week 15
· Unit of Instruction: Ecological systems including the interrelationships and dependence of organisms with each other and their environments, Applications of Biology, Biological Research

· Assigned Reading: Chapter 59 “The Ecological Impact of Humans” and Chapter 60 “Biodiversity and Conservation Biology” in the textbook.
· Lecture Learning Outcomes:
· Students will understand the interactions of living things with their environments.
· Students will be able to describe the principles of conservation biology.
· Laboratory Learning Outcomes:
· Students will engage in inquiry-based assignments and projects.
· Students will become familiar with the scientific method, experimental design, data collection and data analysis through their own experimental research.
· Students will search, read, and apply the scientific literature pertaining to their experiments.
· Students will learn about designing, conducting, and reporting research in biology through their own semester-long research projects and through weekly laboratory work.
· Students will apply critical thinking skills to interpret observations and findings.
· Laboratory Activities: Students will present their research projects to the class. The presentations will include hypotheses, predictions, methods, results and statistical analyses, and conclusions. The presentations are the culmination of the semester-long research project.
· OT36 Learning Outcomes: 1-8
· TAG Learning Outcomes: V: 1-7; VII: 1-5
· Assessment Methods:
· Homework: Questions related to Chapter 59 “The Ecological Impact of Humans” and Chapter 60 “Biodiversity and Conservation Biology”
· Research Project: Students will give a final presentation on their two related experiments.
· Final Exam: The final exam is comprehensive and covers Chapters 22-28 on Evolution, Taxonomic Principles, the Prokaryotes (Bacteria and Archaea) and the Protista, Chapters 29, 31, 32, 36, and 40 on Fungi and Plants, Chapters 33-35, and 50 on Animals, and Chapters 54-60 on Ecology
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