Animal Physiology Objectives:
Big Idea 2: Biological systems utilize free energy and molecular building blocks to grow, to reproduce, and to maintain dynamic homeostasis.

Enduring understanding 2.A: Growth, reproduction and maintenance of the organization of living systems require free energy and matter.
Essential knowledge 2.A.1: All living systems require constant input of free energy.
d.   Organisms use free energy to maintain organization, grow and reproduce.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Organisms use various strategies to regulate body temperature and metabolism.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Endothermy (the use of thermal energy generated by metabolism to maintain homeostatic body temperatures)
• 
Ectothermy (the use of external thermal energy to help regulate and maintain body temperature)
2.  Reproduction and rearing of offspring require free energy beyond that used for maintenance and growth. Different organisms use various reproductive strategies in response to energy availability.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Seasonal reproduction in animals and plants
• 
Life-history strategy (biennial plants, reproductive diapause)
3.   There is a relationship between metabolic rate per unit body mass and the size of multicellular organisms — generally, the smaller the organism, the higher the metabolic rate.
4.  Excess acquired free energy versus required free energy expenditure results in energy storage or growth.
5.   Insufficient acquired free energy versus required free energy expenditure results in loss of mass and, ultimately, the death of an organism.
Learning Objectives:
LO 2.1 The student is able to explain how biological systems use free energy based on empirical data that all organisms require constant energy input to maintain organization, to grow and to reproduce. [See SP 6.2]
LO 2.2 The student is able to justify a scientific claim that free energy is required for living systems to maintain organization, to grow or to reproduce, but that multiple strategies exist in different living systems. [See SP 6.1]
LO 2.3 The student is able to predict how changes in free energy availability affect organisms, populations and ecosystems. [See SP 6.4]
Essential knowledge 2.A.3: Organisms must exchange matter with the environment to grow, reproduce and maintain organization.
a.
Molecules and atoms from the environment are necessary to build new molecules.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Carbon moves from the environment to organisms where it is used to build carbohydrates, proteins, lipids or nucleic acids. Carbon is used in storage compounds and cell formation in all organisms.
2.  Nitrogen moves from the environment to organisms where it is used in building proteins and nucleic acids. Phosphorus moves from the environment to organisms where it is used in nucleic acids and certain lipids.
3.   Living systems depend on properties of water that result from its polarity and hydrogen bonding.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Cohesion
• 
Adhesion
• 
High specific heat capacity
• 
Universal solvent supports reactions
• 
Heat of vaporization
• 
Heat of fusion
• 
Water’s thermal conductivity
b.   Surface area-to-volume ratios affect a biological system’s ability to obtain necessary resources or eliminate waste products.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   As cells increase in volume, the relative surface area decreases and demand for material resources increases; more cellular structures are necessary to adequately exchange materials and energy with the environment. These limitations restrict cell size.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Root hairs
• 
Cells of the alveoli
• 
Cells of the villi
• 
Microvilli
2.  The surface area of the plasma membrane must be large enough to adequately exchange materials; smaller cells have a more favorable surface area-to-volume ratio for exchange of materials with the environment.
Learning Objectives:
LO 2.6 The student is able to use calculated surface area-to-volume ratios to predict which cell(s) might eliminate wastes or procure nutrients faster by diffusion.
[See SP 2.2]

LO 2.7 Students will be able to explain how cell size and shape affect the overall rate of nutrient intake and the rate of waste elimination. [See SP 6.2]
LO 2.8 The student is able to justify the selection of data regarding the types of molecules that an animal, plant or bacterium will take up as necessary building blocks and excrete as waste products. [See SP 4.1]
LO 2.9 The student is able to represent graphically or model quantitatively
the exchange of molecules between an organism and its environment, and the subsequent use of these molecules to build new molecules that facilitate dynamic homeostasis, growth and reproduction. [See SP 1.1, 1.4]
Enduring understanding 2.B: Growth, reproduction and dynamic homeostasis require that cells create and  maintain internal environments that are  different from  their external environments.
Essential knowledge 2.B.1: Cell membranes are selectively permeable due to their structure.
a.   Cell membranes separate the internal environment of the cell from the external environment.
b.   Selective permeability is a direct consequence of membrane structure, as described by the fluid mosaic model. [See also 4.A.1]
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Cell membranes consist of a structural framework of phospholipid molecules, embedded proteins, cholesterol, glycoproteins and glycolipids.
2.  Phospholipids give the membrane both hydrophilic and hydrophobic properties.The hydrophilic phosphate portions of the phospholipids are oriented toward the aqueous external or internal environments, while the hydrophobic fatty acid portions face each other within the interior of the membrane itself.
3.   Embedded proteins can be hydrophilic, with charged and polar side groups, or hydrophobic, with nonpolar side groups.
4.  Small, uncharged polar molecules and small nonpolar molecules, such as N2, freely pass across the membrane. Hydrophilic substances such as large polar molecules and ions move across the membrane through embedded channel and transport proteins. Water moves across membranes and through channel proteins called aquaporins.
c.
Cell walls provide a structural boundary, as well as a permeability barrier for some substances to the internal environments.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Plant cell walls are made of cellulose and are external to the cell membrane.
2.  Other examples are cells walls of prokaryotes and fungi.
Learning Objectives:
LO 2.10 The student is able to use representations and models to pose scientific questions about the properties of cell membranes and selective permeability based on molecular structure. [See SP 1.4, 3.1]
LO 2.11 The student is able to construct models that connect the movement of molecules across membranes with membrane structure and function. [See SP 1.1, 7.1, 7.2]
Essential knowledge 2.B.2: Growth and dynamic homeostasis are maintained by the constant movement of molecules across membranes.
a.   Passive transport does not require the input of metabolic energy; the net movement of molecules is from high concentration to low concentration.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Passive transport plays a primary role in the import of resources and the export of wastes.
2.  Membrane proteins play a role in facilitated diffusion of charged and polar molecules through a membrane.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Glucose transport
• 
Na+/K+  transport
✘✘ There is no particular membrane protein that is required for teaching
this concept.
3.   External environments can be hypotonic, hypertonic or isotonic to internal environments of cells.
b.   Active transport requires free energy to move molecules from regions of low concentration to regions of high concentration.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Active transport is a process where free energy (often provided by ATP) is
used by proteins embedded in the membrane to “move” molecules and/or ions across the membrane and to establish and maintain concentration gradients.
2.  Membrane proteins are necessary for active transport.
c.
The processes of endocytosis and exocytosis move large molecules from the external environment to the internal environment and vice versa, respectively.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   In exocytosis, internal vesicles fuse with the plasma membrane to secrete large macromolecules out of the cell.
2.  In endocytosis, the cell takes in macromolecules and particulate matter by forming new vesicles derived from the plasma membrane.
Learning Objective:
LO 2.12 The student is able to use representations and models to analyze situations or solve problems qualitatively and quantitatively to investigate whether dynamic homeostasis is maintained by the active movement of molecules across membranes. [See SP 1.4]
Essential knowledge 2.B.3: Eukaryotic cells maintain internal membranes that partition the cell into specialized regions.
a.   Internal membranes facilitate cellular processes by minimizing competing interactions and by increasing surface area where reactions can occur.
b.   Membranes and membrane-bound organelles in eukaryotic cells localize (compartmentalize) intracellular metabolic processes and specific enzymatic reactions. [See also 4.A.2]
To foster student understanding of this concept, instructors can choose an illustrative example, such as:
· Endoplasmic reticulum
• 
Mitochondria
• 
Chloroplasts
• 
Golgi
• 
Nuclear envelope
c.
Archaea and Bacteria generally lack internal membranes and organelles and have a cell wall.
Learning Objectives:
LO 2.13 The student is able to explain how internal membranes and organelles contribute to cell functions. [See SP 6.2]
LO 2.14 The student is able to use representations and models to describe differences in prokaryotic and eukaryotic cells. [See SP 1.4]
Enduring understanding 2.C: Organisms use feedback mechanisms to regulate growth and reproduction, and to maintain dynamic homeostasis.
Essential knowledge 2.C.1: Organisms use feedback mechanisms to maintain their internal environments and respond to external environmental changes.
a.   Negative feedback mechanisms maintain dynamic homeostasis for a particular condition (variable) by regulating physiological processes, returning the changing condition back to its target set point.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Operons in gene regulation
• 
Temperature regulation in animals
• 
Plant responses to water limitations
b.   Positive feedback mechanisms amplify responses and processes in biological organisms. The variable initiating the response is moved farther away from the initial set-point. Amplification occurs when the stimulus is further activated which, in turn, initiates an additional response that produces system change.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Lactation in mammals
• 
Onset of labor in childbirth
• 
Ripening of fruit
c.
Alteration in the mechanisms of feedback often results in deleterious consequences.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Diabetes mellitus in response to decreased insulin
• 
Dehydration in response to decreased antidiuretic hormone (ADH)
• 
Graves’ disease (hyperthyroidism)
• 
Blood clotting
Learning Objectives:
LO 2.15 The student can justify a claim made about the effect(s) on a biological system at the molecular, physiological or organismal level when given a scenario in which one or more components within a negative regulatory system is altered. [See SP 6.1]
LO 2.16 The student is able to connect how organisms use negative feedback to maintain their internal environments. [See SP 7.2]
LO 2.17 The student is able to evaluate data that show the effect(s) of changes in concentrations of key molecules on negative feedback mechanisms. [See SP 5.3]
LO 2.18 The student can make predictions about how organisms use negative feedback mechanisms to maintain their internal environments. [See SP 6.4]
LO 2.19 The student is able to make predictions about how positive feedback mechanisms amplify activities and processes in organisms based on scientific theories and models. [See SP 6.4]
LO 2.20 The student is able to justify that positive feedback mechanisms amplify responses in organisms. [See SP 6.1]
Essential knowledge 2.C.2: Organisms respond to changes in their external environments.
a.   Organisms respond to changes in their environment through behavioral and physiological mechanisms.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Photoperiodism and phototropism in plants
• 
Hibernation and migration in animals
• 
Taxis and kinesis in animals
• 
Chemotaxis in bacteria, sexual reproduction in fungi
• 
Nocturnal and diurnal activity: circadian rhythms
• 
Shivering and sweating in humans
✘✘ No specific behavioral or physiological mechanism is required for teaching the above concept. Teachers are free to choose the mechanism that best fosters student understanding.
Learning Objective:
LO 2.21 The student is able to justify the selection of the kind of data needed to answer scientific questions about the relevant mechanism that organisms use to respond to changes in their external environment. [See SP 4.1]
Enduring understanding 2.D: Growth and dynamic homeostasis of a biological system are influenced by  changes in the system’s environment.
Essential knowledge 2.D.2: Homeostatic mechanisms reflect both common ancestry and divergence due to adaptation in different environments.
a.   Continuity of homeostatic mechanisms reflects common ancestry, while changes may occur in response to different environmental conditions. [See also 1.B.1]
b.   Organisms have various mechanisms for obtaining nutrients and eliminating wastes.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Gas exchange in aquatic and terrestrial plants
• 
Digestive mechanisms in animals such as food vacuoles, gastrovascular cavities, one-way digestive systems
• 
Respiratory systems of aquatic and terrestrial animals
• 
Nitrogenous waste production and elimination in aquatic and terrestrial animals
c.
Homeostatic control systems in species of microbes, plants and animals support common ancestry. [See also 1.B.1]
To foster student understanding of this concept, instructors can choose an illustrative example such as the comparison of:
• 
Excretory systems in flatworms, earthworms and vertebrates
• 
Osmoregulation in bacteria, fish and protists
• 
Osmoregulation in aquatic and terrestrial plants
• 
Circulatory systems in fish, amphibians and mammals
• 
Thermoregulation in aquatic and terrestrial animals (countercurrent exchange mechanisms)
Learning Objectives:
LO 2.25 The student can construct explanations based on scientific evidence
that homeostatic mechanisms reflect continuity due to common ancestry and/or divergence due to adaptation in different environments. [See SP 6.2]
LO 2.26 The student is able to analyze data to identify phylogenetic patterns or relationships, showing that homeostatic mechanisms reflect both continuity due to common ancestry and change due to evolution in different environments. [See SP 5.1]
LO 2.27 The student is able to connect differences in the environment with the evolution of homeostatic mechanisms. [See SP 7.1]
Essential knowledge 2.D.3: Biological systems are affected by disruptions to their dynamic homeostasis.
a.   Disruptions at the molecular and cellular levels affect the health of the organism.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Physiological responses to toxic substances
• 
Dehydration
• 
Immunological responses to pathogens, toxins and allergens
b.   Disruptions to ecosystems impact the dynamic homeostasis or balance of the ecosystem.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Invasive and/or eruptive species
• 
Human impact
• 
Hurricanes, floods, earthquakes, volcanoes, fires
• 
Water limitation
• 
Salination
✘✘ No specific system is required for teaching the above concepts. Teachers are free to
choose the system that best fosters student understanding.
Learning Objective:
LO 2.28 The student is able to use representations or models to analyze quantitatively and qualitatively the effects of disruptions to dynamic homeostasis in biological systems. [See SP 1.4]
Essential knowledge 2.D.4: Plants and animals have a variety of chemical defenses against infections that affect dynamic homeostasis.
     a.   Plants, invertebrates and vertebrates have multiple, nonspecific immune responses.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Invertebrate immune systems have nonspecific response mechanisms, but they lack pathogen-specific defense responses.
• 
Plant defenses against pathogens include molecular recognition systems with systemic responses; infection triggers chemical responses that destroy infected and adjacent cells, thus localizing the effects.
• 
Vertebrate immune systems have nonspecific and nonheritable defense mechanisms against pathogens.
b.   Mammals use specific immune responses triggered by natural or artificial agents that disrupt dynamic homeostasis.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   The mammalian immune system includes two types of specific responses: cell mediated and humoral.
2.  In the cell-mediated response, cytotoxic T cells, a type of lymphocytic white blood cell, “target” intracellular pathogens when antigens are displayed on the outside of the cells.
3.   In the humoral response, B cells, a type of lymphocytic white blood cell, produce antibodies against specific antigens.
4.  Antigens are recognized by antibodies to the antigen.
5.   Antibodies are proteins produced by B cells, and each antibody is specific to a particular antigen.
6.  A second exposure to an antigen results in a more rapid and enhanced immune response.
✘✘ Memorization of the structures of specific antibodies is beyond the scope of the
course and the AP Exam.
Learning Objectives:
LO 2.29 The student can create representations and models to describe immune responses. [See SP 1.1, 1.2]
LO 2.30 The student can create representations or models to describe nonspecific immune defenses in plants and animals.[See SP 1.1, 1.2]
Enduring understanding 2.E: Many biological processes involved in growth, reproduction and dynamic homeostasis include temporal regulation and coordination.
Essential knowledge 2.E.1: Timing and coordination of specific events  are necessary for the normal development of an organism, and these  events are regulated  by a variety of mechanisms.
a.   Observable cell differentiation results from the expression of genes for tissue- specific proteins.
b.   Induction of transcription factors during development results in sequential gene expression.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Homeotic genes are involved in developmental patterns and sequences.
2.  Embryonic induction in development results in the correct timing of events.
3.   Temperature and the availability of water determine seed germination in most plants.
4.  Genetic mutations can result in abnormal development.
5.   Genetic transplantation experiments support the link between gene expression and normal development.
6.  Genetic regulation by microRNAs plays an important role in the development of organisms and the control of cellular functions.
c.
Programmed cell death (apoptosis) plays a role in the normal development and differentiation.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Morphogenesis of fingers and toes
• 
Immune function
• 
C. elegans development
• 
Flower development
✘✘ Names of the specific stages of embryonic development are beyond the scope of the
course and the AP Exam.
Learning Objectives:
LO 2.31 The student can connect concepts in and across domains to show that timing and coordination of specific events are necessary for normal development in an organism and that these events are regulated by multiple mechanisms.
[See SP 7.2]
LO 2.32 The student is able to use a graph or diagram to analyze situations or solve problems (quantitatively or qualitatively) that involve timing and coordination of events necessary for normal development in an organism. [See SP 1.4]
LO 2.33 The student is able to justify scientific claims with scientific evidence
to show that timing and coordination of several events are necessary for normal development in an organism and that these events are regulated by multiple mechanisms. [See SP 6.1]
LO 2.34 The student is able to describe the role of programmed cell death in development and differentiation, the reuse of molecules, and the maintenance of dynamic homeostasis. [See SP 7.1]
Essential knowledge 2.E.2: Timing and coordination of physiological events are regulated by multiple mechanisms.
a.   In plants, physiological events involve interactions between environmental stimuli and internal molecular signals. [See also 2.C.3]
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Phototropism, or the response to the presence of light
2.  Photoperiodism, or the response to change in length of the night, that results in flowering in long-day and short-day plants
✘✘ Memorization of the names, molecular structures and specific effects of all plant
hormones are beyond the scope of the course and the AP Exam.
b.   In animals, internal and external signals regulate a variety of physiological responses that synchronize with environmental cycles and cues.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Circadian rhythms, or the physiological cycle of about 24 hours that is present in all eukaryotes and persists even in the absence of external cues
• 
Diurnal/nocturnal and sleep/awake cycles
• 
Jet lag in humans
• 
Seasonal responses, such as hibernation, estivation and migration
• 
Release and reaction to pheromones
• 
Visual displays in the reproductive cycle
c.
In fungi, protists and bacteria, internal and external signals regulate a variety of physiological responses that synchronize with environmental cycles and cues.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Fruiting body formation in fungi, slime molds and certain types of bacteria
• 
Quorum sensing in bacteria
✘✘ Memorization of the names, molecular structures and specific effects of hormones
or features of the brain responsible for these physiological phenomena is beyond
the scope of the course and the AP Exam.
Learning Objectives:
LO 2.35 The student is able to design a plan for collecting data to support the scientific claim that the timing and coordination of physiological events involve regulation. [See SP 4.2]
LO 2.36 The student is able to justify scientific claims with evidence to show how timing and coordination of physiological events involve regulation. [See SP 6.1]
LO 2.37 The student is able to connect concepts that describe mechanisms that regulate the timing and coordination of physiological events. [See SP 7.2]
Essential knowledge 2.E.3: Timing and coordination of behavior are regulated by various mechanisms and are important in natural selection.
a.   Individuals can act on information and communicate it to others.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Innate behaviors are behaviors that are inherited.
2.  Learning occurs through interactions with the environment and other organisms.
 b.   Responses to information and communication of information are vital to natural selection. [See also 2.C.3]
Evidence of student learning is a demonstrated understanding of each of the following:
1.   In phototropism in plants, changes in the light source lead to differential growth, resulting in maximum exposure of leaves to light for photosynthesis.
2.  In photoperiodism in plants, changes in the length of night regulate flowering and preparation for winter.
3.   Behaviors in animals are triggered by environmental cues and are vital to reproduction, natural selection and survival.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Hibernation
• 
Estivation
• 
Migration
• 
Courtship
4.  Cooperative behavior within or between populations contributes to the survival of the populations.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Availability of resources leading to fruiting body formation in fungi and certain types of bacteria
• 
Niche and resource partitioning
• 
Mutualistic relationships (lichens; bacteria in digestive tracts of animals;
mycorrhizae)
• 
Biology of pollination
Learning Objectives:
LO 2.38 The student is able to analyze data to support the claim that responses to information and communication of information affect natural selection. [See SP 5.1]
LO 2.39 The student is able to justify scientific claims, using evidence, to describe how timing and coordination of behavioral events in organisms are regulated by several mechanisms. [See SP 6.1]
LO 2.40 The student is able to connect concepts in and across domain(s) to predict how environmental factors affect responses to information and change behavior. [See SP 7.2]
Enduring understanding 2.D: Growth and dynamic homeostasis of a biological system are influenced by  changes in the system’s environment.
Essential knowledge 2.D.1: All biological systems from cells and organisms to populations, communities and ecosystems are affected by complex biotic and abiotic interactions involving exchange of matter and free energy.
a.   Cell activities are affected by interactions with biotic and abiotic factors.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Cell density
• 
Biofilms
• 
Temperature
• 
Water availability
• 
Sunlight
b.   Organism activities are affected by interactions with biotic and abiotic factors. [See also 4.A.6]
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Symbiosis (mutualism, commensalism, parasitism)
• 
Predator–prey relationships
• 
Water and nutrient availability, temperature, salinity, pH
c.
The stability of populations, communities and ecosystems is affected by interactions with biotic and abiotic factors. [See also 4.A.5, 4.A.6]
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Water and nutrient availability
• 
Availability of nesting materials and sites
• 
Food chains and food webs
• 
Species diversity
• 
Population density
• 
Algal blooms
✘✘ No specific example is required for teaching the above concepts. Teachers are free to
choose an example that best fosters student understanding.
Learning Objectives:
LO 2.22 The student is able to refine scientific models and questions about the
effect of complex biotic and abiotic interactions on all biological systems, from cells and organisms to populations, communities and ecosystems. [See SP 1.3, 3.2]
LO 2.23 The student is able to design a plan for collecting data to show that all biological systems (cells, organisms, populations, communities and ecosystems) are affected by complex biotic and abiotic interactions. [See SP 4.2, 7.2]
LO 2.24 The student is able to analyze data to identify possible patterns and relationships between a biotic or abiotic factor and a biological system (cells, organisms, populations, communities or ecosystems). [See SP 5.1]
Essential knowledge 2.D.2: Homeostatic mechanisms reflect both common ancestry and divergence due to adaptation in different environments.
a.   Continuity of homeostatic mechanisms reflects common ancestry, while changes may occur in response to different environmental conditions. [See also 1.B.1]
b.   Organisms have various mechanisms for obtaining nutrients and eliminating wastes.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Gas exchange in aquatic and terrestrial plants
• 
Digestive mechanisms in animals such as food vacuoles, gastrovascular cavities, one-way digestive systems
• 
Respiratory systems of aquatic and terrestrial animals
• 
Nitrogenous waste production and elimination in aquatic and terrestrial animals
c.
Homeostatic control systems in species of microbes, plants and animals support common ancestry. [See also 1.B.1]
To foster student understanding of this concept, instructors can choose an illustrative example such as the comparison of:
• 
Excretory systems in flatworms, earthworms and vertebrates
• 
Osmoregulation in bacteria, fish and protists
• 
Osmoregulation in aquatic and terrestrial plants
• 
Circulatory systems in fish, amphibians and mammals
• 
Thermoregulation in aquatic and terrestrial animals (countercurrent exchange mechanisms)
Learning Objectives:
LO 2.25 The student can construct explanations based on scientific evidence
that homeostatic mechanisms reflect continuity due to common ancestry and/or divergence due to adaptation in different environments. [See SP 6.2]
LO 2.26 The student is able to analyze data to identify phylogenetic patterns or relationships, showing that homeostatic mechanisms reflect both continuity due to common ancestry and change due to evolution in different environments. [See SP 5.1]
LO 2.27 The student is able to connect differences in the environment with the evolution of homeostatic mechanisms. [See SP 7.1]
Essential knowledge 2.D.3: Biological systems are affected by disruptions to their dynamic homeostasis.
a.   Disruptions at the molecular and cellular levels affect the health of the organism.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Physiological responses to toxic substances
• 
Dehydration
• 
Immunological responses to pathogens, toxins and allergens
b.   Disruptions to ecosystems impact the dynamic homeostasis or balance of the ecosystem.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Invasive and/or eruptive species
• 
Human impact
• 
Hurricanes, floods, earthquakes, volcanoes, fires
• 
Water limitation
• 
Salination
✘✘ No specific system is required for teaching the above concepts. Teachers are free to
choose the system that best fosters student understanding.
Learning Objective:
LO 2.28 The student is able to use representations or models to analyze quantitatively and qualitatively the effects of disruptions to dynamic homeostasis in biological systems. [See SP 1.4]
Essential knowledge 2.D.4: Plants and animals have a variety of chemical defenses against infections that affect dynamic homeostasis.
     a.   Plants, invertebrates and vertebrates have multiple, nonspecific immune responses.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Invertebrate immune systems have nonspecific response mechanisms, but they lack pathogen-specific defense responses.
• 
Plant defenses against pathogens include molecular recognition systems with systemic responses; infection triggers chemical responses that destroy infected and adjacent cells, thus localizing the effects.
• 
Vertebrate immune systems have nonspecific and nonheritable defense mechanisms against pathogens.
b.   Mammals use specific immune responses triggered by natural or artificial agents that disrupt dynamic homeostasis.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   The mammalian immune system includes two types of specific responses: cell mediated and humoral.
2.  In the cell-mediated response, cytotoxic T cells, a type of lymphocytic white blood cell, “target” intracellular pathogens when antigens are displayed on the outside of the cells.
3.   In the humoral response, B cells, a type of lymphocytic white blood cell, produce antibodies against specific antigens.
4.  Antigens are recognized by antibodies to the antigen.
5.   Antibodies are proteins produced by B cells, and each antibody is specific to a particular antigen.
6.  A second exposure to an antigen results in a more rapid and enhanced immune response.
✘✘ Memorization of the structures of specific antibodies is beyond the scope of the
course and the AP Exam.
Learning Objectives:
LO 2.29 The student can create representations and models to describe immune responses. [See SP 1.1, 1.2]
LO 2.30 The student can create representations or models to describe nonspecific immune defenses in plants and animals.[See SP 1.1, 1.2]
Enduring understanding 2.E: Many biological processes involved in growth, reproduction and dynamic homeostasis include temporal regulation and coordination.
Essential knowledge 2.E.1: Timing and coordination of specific events  are necessary for the normal development of an organism, and these  events are regulated  by a variety of mechanisms.
a.   Observable cell differentiation results from the expression of genes for tissue- specific proteins.
b.   Induction of transcription factors during development results in sequential gene expression.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Homeotic genes are involved in developmental patterns and sequences.
2.  Embryonic induction in development results in the correct timing of events.
3.   Temperature and the availability of water determine seed germination in most plants.
4.  Genetic mutations can result in abnormal development.
5.   Genetic transplantation experiments support the link between gene expression and normal development.
6.  Genetic regulation by microRNAs plays an important role in the development of organisms and the control of cellular functions.
c.
Programmed cell death (apoptosis) plays a role in the normal development and differentiation.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Morphogenesis of fingers and toes
• 
Immune function
• 
C. elegans development
• 
Flower development
✘✘ Names of the specific stages of embryonic development are beyond the scope of the
course and the AP Exam.
Learning Objectives:
LO 2.31 The student can connect concepts in and across domains to show that timing and coordination of specific events are necessary for normal development in an organism and that these events are regulated by multiple mechanisms.
[See SP 7.2]
LO 2.32 The student is able to use a graph or diagram to analyze situations or solve problems (quantitatively or qualitatively) that involve timing and coordination of events necessary for normal development in an organism. [See SP 1.4]
LO 2.33 The student is able to justify scientific claims with scientific evidence
to show that timing and coordination of several events are necessary for normal development in an organism and that these events are regulated by multiple mechanisms. [See SP 6.1]
LO 2.34 The student is able to describe the role of programmed cell death in development and differentiation, the reuse of molecules, and the maintenance of dynamic homeostasis. [See SP 7.1]
Essential knowledge 2.E.2: Timing and coordination of physiological events are regulated  by multiple mechanisms.
a.   In plants, physiological events involve interactions between environmental stimuli and internal molecular signals. [See also 2.C.3]
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Phototropism, or the response to the presence of light
2.  Photoperiodism, or the response to change in length of the night, that results in flowering in long-day and short-day plants
✘✘ Memorization of the names, molecular structures and specific effects of all plant
hormones are beyond the scope of the course and the AP Exam.
b.   In animals, internal and external signals regulate a variety of physiological responses that synchronize with environmental cycles and cues.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Circadian rhythms, or the physiological cycle of about 24 hours that is present in all eukaryotes and persists even in the absence of external cues
• 
Diurnal/nocturnal and sleep/awake cycles
• 
Jet lag in humans
• 
Seasonal responses, such as hibernation, estivation and migration
• 
Release and reaction to pheromones
• 
Visual displays in the reproductive cycle
c.
In fungi, protists and bacteria, internal and external signals regulate a variety of physiological responses that synchronize with environmental cycles and cues.
To foster student understanding of this concept, instructors can choose an illustrative example such as:
• 
Fruiting body formation in fungi, slime molds and certain types of bacteria
• 
Quorum sensing in bacteria
✘✘ Memorization of the names, molecular structures and specific effects of hormones
or features of the brain responsible for these physiological phenomena is beyond
the scope of the course and the AP Exam.
Learning Objectives:
LO 2.35 The student is able to design a plan for collecting data to support the scientific claim that the timing and coordination of physiological events involve regulation. [See SP 4.2]
LO 2.36 The student is able to justify scientific claims with evidence to show how timing and coordination of physiological events involve regulation. [See SP 6.1]
LO 2.37 The student is able to connect concepts that describe mechanisms that regulate the timing and coordination of physiological events. [See SP 7.2]
Essential knowledge 2.E.3: Timing and coordination of behavior are regulated by various mechanisms and are important in natural selection.
a.   Individuals can act on information and communicate it to others.
Evidence of student learning is a demonstrated understanding of each of the following:
1.   Innate behaviors are behaviors that are inherited.
2.  Learning occurs through interactions with the environment and other organisms.
 b.   Responses to information and communication of information are vital to natural selection. [See also 2.C.3]
Evidence of student learning is a demonstrated understanding of each of the following:
1.   In phototropism in plants, changes in the light source lead to differential growth, resulting in maximum exposure of leaves to light for photosynthesis.
2.  In photoperiodism in plants, changes in the length of night regulate flowering and preparation for winter.
3.   Behaviors in animals are triggered by environmental cues and are vital to reproduction, natural selection and survival.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Hibernation
• 
Estivation
• 
Migration
• 
Courtship
4.  Cooperative behavior within or between populations contributes to the survival of the populations.
Students should be able to demonstrate understanding of the above concept by using an illustrative example such as:
• 
Availability of resources leading to fruiting body formation in fungi and certain types of bacteria
• 
Niche and resource partitioning
• 
Mutualistic relationships (lichens; bacteria in digestive tracts of animals;
mycorrhizae)
• 
Biology of pollination
Learning Objectives:
LO 2.38 The student is able to analyze data to support the claim that responses to information and communication of information affect natural selection. [See SP 5.1]
LO 2.39 The student is able to justify scientific claims, using evidence, to describe how timing and coordination of behavioral events in organisms are regulated by several mechanisms. [See SP 6.1]
LO 2.40 The student is able to connect concepts in and across domain(s) to predict how environmental factors affect responses to information and change behavior. [See SP 7.2]
