CHAPTER 1: Concepts and Methods in Biology


Biology Revisited

A. What is life?

1. Experience and education refine our questions and our answers.

2. Consider the meaning of "alive."

3. This book is biology revisited. It will provide:

a. Deeper understanding.

b. A more organized level of understanding.

B. To biologists, life reflects its ancient molecular origins and its degree of organization. Life is:

1. A way of capturing and using energy and materials.

2. A way of sensing and responding to specific changes in the environment.

3. A capacity to reproduce, grow, and develop.

4. Capable of evolving.

I. DNA, Energy, and Life

A. Nothing Lives Without DNA

l. Living and nonliving matter are composed of the same particles, operating according to laws governing energy.

a. Deoxyribonucleic acid, or DNA, is the special molecule that sets the living world apart from the nonliving.

b. DNA carries the hereditary instructions for assembly of proteins.

2. Each organism is part of a reproductive continuum that extends back through countless generations.

a. Each organism arises through reproduction in which DNA instructions are transmitted from parents to offspring.

b. DNA also guides development of a fertilized egg into a multicelled organism.

B. Nothing Lives Without Energy

1. Energy, the capacity to do work, is transferred throughout the universe.

2. Metabolism refers to the cell’s capacity to extract and convert energy from its surroundings and use energy to maintain itself, grow, and reproduce.

a. Plants acquire energy from sunlight and transfer some of the energy into ATP.

b. Underlying the assembling and tearing down of biological structures are energy transfers.

3. Organisms can sense changes in the environment and make controlled responses to them.

a. Receptors detect specific information about the environment.

b. Special cells receive stimuli and make appropriate responses.

c. Homeostasis is the maintenance of a tolerable internal environment.

II. Energy and Life’s Organization

A. Levels of Biological Organization

1. The cell, composed of "biological molecules," is the basic unit of life.

4. Multicelled organisms have increasingly complex levels of organization that result in tissues >>> organs >>> organ systems >>> organisms >>> populations >>> communities >>> ecosystems >>> biosphere. 

B. Interdependencies Among Organisms

1. Energy flows from the sun.

a. Plants (producers) trap this energy by photosynthesis.

b. Animals (consumers) feed on the stored energy in plants, using aerobic respiration.

c. Bacteria and fungi (decomposers) break down the biological molecules of other organisms in order to recycle raw materials.

2. All organisms are part of webs that depend on one another for energy and raw materials.

III. If So Much Unity, Why So Many Species?

A. All organisms are made of the same materials and function according to the same laws of energy.

B. Yet there is much diversity, a fact that has led humans to develop classification schemes

1. All organisms can be identified by a genus and species name; example: Quercus alba (white oak).

2. Groupings from least inclusive to most inclusive are: genera >>> family >>> order >>> class >>> phylum >>> kingdom.

3. Six kingdoms are presently recognized:

a. Archaebacteria–the most ancient of bacteria, many anaerobic.

b. Eubacteria–more recently evolved bacteria.

c. Protista–one-celled organisms; producers or consumers.

d. Fungi–molds, mushrooms; mostly decomposers.

e. Plantae–familiar multicellular plants; mostly producers.

f. Animalia–multicellular animals from sponges to humans; consumers.

4. Bacteria are prokaryotic (lacking a nucleus); all other kingdoms are eukaryotic (having a true nucleus).

IV. An Evolutionary View of Diversity

A. Mutation–Original Source of Variation

1. Hereditary instructions are encoded in molecules of DNA.

2. Variations in hereditary instructions arise through mutations.

a. Mutations are changes in the kind, structure, sequence, or number of parts of DNA.

b. Many mutations are harmful.

c. Some may be harmless or even beneficial.

3. An adaptive trait is any trait that helps an organism survive and reproduce under a given set of environmental conditions.

B. Evolution Defined

1. The frequencies of genes and the effects they cause can change over time.

2. Evolution is the change that characterizes populations through successive generations.

C. Natural Selection Defined

1. Charles Darwin reasoned that the practice of artificial selection used by pigeon breeders could serve as a model for his theory of natural selection.

2. The main points of his theory are these:

a. Members vary in form and behavior; much of the variation is heritable.

b. Some varieties of heritable traits will improve survival and reproductive chances; i.e., they are more adaptive.

c. Those with improved chances will be more likely to reproduce (differential reproduction) and pass the adaptive traits on with greater frequency in future generations (natural selection).

d. Any population evolves when some forms of traits increase in frequency and others decrease or disappear over generations.

e. Evolutionary processes help explain life’s diversity.

V. The Nature of Biological Inquiry

A. Observations, Hypotheses, and Tests

1. Biology is an ongoing record of discoveries arising from methodical inquiries into the natural world.

2. Explanations are sought using the following approach:

a. Ask a question.

b. Develop hypotheses (educated guesses) using all known information.

c. Make a prediction of what the outcome would be if the hypothesis is valid (deductive, "if-then" reasoning).

d. Test the predictions by experiments, models, and observations.

e. Repeat the tests for consistency.

f. Report objectively on the tests and conclusions.

B. About the Word "Theory"

1. A theory is a related set of hypotheses that form an explanation about some aspect of the natural world.

a. A theory has broader application than a hypothesis.

b. A theory is not "absolute truth"; scientists are "relatively" certain it is (or is not) correct.

2. The fact that an idea, or even a theory, might be subject to change is a strength of science, not a weakness.

VI. Focus On Science: The Power of Experimental Tests

VII. The Limits of Science

A. Science is limited to questions that can be tested.

1. Subjective questions cannot be addressed.

2. All of human society must participate in moral, aesthetic, and other such judgments.

3. Science may be considered controversial when it offers explanations for an aspect of nature previously considered supernatural; for example, Copernicus correctly stated that the Earth circled the sun–a heresy in his day.

B. The external world, not internal conviction, must be the testing ground for science.

CHAPTER 2: Chemical Foundations for Cells


Checking Out Leafy Clean-up Crews

A. Life depends on chemical reactions.

B. Phytoremediation is the use of living plants to withdraw harmful substances from the environment.

I. Regarding the Atoms

A. Structure of Atoms

1. An atom is the smallest unit of matter that is unique to a particular element.

2. Atoms are composed of three particles:

a. Protons (p+) are part of the atomic nucleus and have a positive charge. Their quantity is called the atomic number (unique for each element).

b. Neutrons are also a part of the nucleus; they are neutral. Protons plus neutrons = atomic mass.

c. Electrons (e—) have a negative charge. Their quantity is equal to that of the protons. They move around the nucleus.

3. Atomic numbers and mass numbers give us an idea of whether and how substances will react.

B. Isotopes–Variant Forms of Atoms

1. Atoms with the same number of protons (for example, carbon with six) but a different number of neutrons (carbon can have six, seven, or eight) are called isotopes (12C, 13C, 14C ).

2. Some radioactive isotopes are unstable and tend to decay into more stable atoms.

a. They can be used to date rocks and fossils.

b. Some can be used as tracers to follow the path of an atom in a series of reactions or to diagnose disease.

II. Focus On Science: Using Radioisotopes to Track Chemicals and Save Lives

III. What Happens When Atom Bonds With Atom?

A. Electrons and Energy Levels

1. Electron behavior influences atom bonding.

a. Electrons are attracted to protons but are repelled by other electrons.

b. Orbitals are like volumes of space around the atomic nucleus in which electrons are likely to be at any instant.

c. Each orbital contains one or two electrons.

2. Orbitals can be thought of as occupying shells around the nucleus.

a. The shell closest to the nucleus has one orbital holding a maximum of two electrons.

b. The next shell can have four orbitals with two electrons each for a total of eight electrons.

B. The Nature of Chemical Bonds

1. A chemical bond is a union between the electron structures of atoms.

2. Atoms with "unfilled" orbitals in their outermost shell tend to be reactive with other atoms.

3. The number or the distribution of its electrons changes when an atom gives up, gains, or shares electrons.

C. From Atoms to Molecules

1. A molecule is a bonded unit of two or more (same or different) atoms. 

2. A compound is a substance in which the relative percentages of two or more elements never vary.

3. In a mixture, two or more elements simply intermingle in proportions the can vary.

IV. Important Bonds in Biological Molecules

A. Ion Formation and Ionic Bonding

1. When an atom loses or gains one or more electrons, it becomes positively or negatively charged–an ion.

2. In an ionic bond, (+) and (—) ions are linked by mutual attraction of opposite charges–for example, NaCl.

B. Covalent Bonding

1. A covalent bond holds together two atoms that share one or more pairs of electrons.

2. In a nonpolar covalent bond, atoms share electrons equally.

3. In a polar covalent bond, because atoms share the electron unequally, there is a slight difference in charge between the two poles of the bond; water is an example.

C. Hydrogen Bonding

1. In a hydrogen bond, an atom of a molecule interacts weakly with a hydrogen atom already taking part in a polar covalent bond.

2. These bonds impart structure to liquid water and stabilize nucleic acids and other large molecules.

V. Properties of Water

A. Polarity of the Water Molecule

1. Water is a polar molecule because of a slightly negative charge at the oxygen end and a slightly positive charge at the hydrogen end. 

2. Water molecules can form hydrogen bonds with each other.

3. Polar substances are hydrophilic (water loving); nonpolar ones are hydrophobic (water dreading) and are repelled by water.

B. Water’s Temperature-Stabilizing Effects

1. Water tends to stabilize temperature because it can absorb considerable heat before its temperature changes. 

2. In evaporative processes the input of heat energy increases the molecular motion so much that hydrogen bonds are broken and water molecules escape into the air, thus cooling the surface.

3. In freezing, the hydrogen bonds resist breaking and lock the water molecules in the bonding patterns of ice.

C. Water’s Cohesion

1. Hydrogen bonding of water molecules provides cohesion (capacity to resist rupturing), which imparts surface tension.

2. Cohesion is especially important in pulling water through plants.

D. Water’s Solvent Properties

1. The solvent properties of water are greatest with respect to polar molecules with which they interact.

2. "Spheres of hydration" are formed around the solute (dissolved) molecules.

VI. Acids, Bases, and Buffers

A. The pH Scale

1. pH is a measure of the H+ concentration in a solution; the greater the H+ the lower the pH scale.

2. The scale extends from 0 (acidic) to 7 (neutral) to 14 (basic).

B. How Do Acids Differ From Bases?

1. A substance that releases hydrogen ions (H+) in solution is an acid–for example, HCl.

2. Substances that release ions such as (OH—) that can combine with hydrogen ions are called bases.

C. Buffers Against Shifts in pH

1. Buffer molecules combine with, or release, H+ to prevent drastic changes in pH.

2. Bicarbonate is one of the body’s major buffers.

D. Salts

1. A salt is an ionic compound formed when an acid reacts with a base; example: HCl + NaOH ––> NaCl + H2O.

2. Salts dissociate into useful ions (examples: Na+ and Ca++) in body fluids.

CHAPTER 3: Carbon Compounds in Cells

Carbon, Carbon in the Sky-Are You Swinging Low and High? 

A. Plants use carbon dioxide to make sugars and starches.

B. Is there a relationship between global warming and the concentrations of carbon dioxide in the atmosphere?

I. Properties of Organic Compounds

A. The Molecules of Life

1. These include carbohydrates, lipids, proteins, and nucleic acids.

2. They are used as energy sources, structural materials, metabolic workers, and carriers of hereditary information.

3. These molecules are organic compounds, with hydrogen and other elements covalently bonded to carbon atoms.

B. Carbon’s Bonding Behavior

1. Oxygen, hydrogen, and carbon are the most abundant elements in living things.

a. Much of the hydrogen and oxygen are linked as water.

b. Carbon can form four covalent bonds with other atoms to form organic molecules of several configurations.

2. The orientations of the atoms attached to a carbon backbone give rise to the three-dimensional shapes and functions of biological molecules.

C. Functional Groups

1. A hydrocarbon, which has only hydrogen atoms attached to a carbon backbone, does not break apart easily; they form very stable portions of most biological molecules.

2. Functional groups (such as the –OH of alcohols) are atoms or groups of atoms covalently bonded to a carbon backbone; they convey distinct properties, such as solubility, to the complete molecule.

D. How Do Cells Build Organic Compounds?

1. Enzymes speed up specific metabolic reactions by these mechanisms:

a. Functional-group transfer: one molecule gives up a functional group, which another molecule accepts.

b. Electron transfer: one or more electrons stripped from one molecule are donated to another molecule.

c. Rearrangement: a juggling of internal bonds converts one type of organic compound into another.

d. Condensation: through covalent bonding, two molecules combine to form a larger molecule.

e. Cleavage: a molecule splits into two smaller ones.

2. In condensation, small molecules can combine to form larger ones; for example, sugar monomers combine to form starch polymers.

3. In hydrolysis, one larger molecule is split by the addition of H+ and OH— (from water) to the components.

II. Carbohydrates

A. A carbohydrate is a simple sugar or a larger molecule composed of sugar units.

1. Carbohydrates are the most abundant biological molecules.

2. Carbohydrates have structural roles and serve as forms of transportable and stored energy.

B. The Simple Sugars

1. A monosaccharide, one sugar unit, is the simplest carbohydrate.

2. Simple sugars are soluble in water and may be sweet-tasting.

3. Ribose and deoxyribose (five-carbon backbones) are building blocks for nucleic acids.

4. Glucose (six-carbon backbone) is a primary energy source and precursor of many organic molecules.

C. Short-Chain Carbohydrates

1. A disaccharide is a short chain resulting from the covalent bonding of two monosaccharides.

a. Sucrose (table sugar) is glucose plus fructose.

b. Lactose (milk sugar) is glucose plus galactose.

c. Maltose (grain sugar) is composed of two glucose units.

2. Oligosaccharides may be attached to proteins where they have roles in membrane functions and immunity.

D. Complex Carbohydrates

1. A polysaccharide consists of many sugar units (same or different) covalently linked.

2. The most common polysaccharides are chains of glucose:

a. Starch (energy storage in plants) and cellulose (structure of plant cell walls) are made of glucose units but in different bonding arrangements.

b. Glycogen is a storage form of glucose found in animal tissues.

c. Chitin, which has nitrogen atoms attached to its backbone, is the main structural material in the external skeletons of arthropods.

III. Lipids

A. Lipids are characterized by their inability to dissolve in water.

1. Lipids are composed mostly of hydrocarbon.

2. They form the basic structures of membranes and have roles in energy metabolism.

B. Fats and Fatty Acids

1. A fatty acid is a long, unbranched hydrocarbon with a –COOH group at one end.

a. Unsaturated fatty acids are liquids (oils) at room temperature because one or more double bonds between the carbons in the tails permit "kinks."

b. Saturated fatty acids have only single C–C bonds in their tails and are solids at room temperatures.

2. Triglycerides, such as butter, lard, and oils, are rich sources of energy. 

a. These lipids have fatty acid tails attached to a molecule of glycerol.

b. On a per weight basis, triglycerides yield more than twice as much energy as carbohydrates.

C. Phospholipids

1. Phospholipids have a glycerol backbone, two fatty acids, a phosphate group, and a small hydrophilic group.

2. They are important components of cell membranes, where the hydrophilic heads face toward the inner and outer surfaces and the hydrophobic tails face inward.

D. Sterols and Their Derivatives

1. Sterols have a backbone of four carbon rings, but no fatty acids.

2. Cholesterol is a component of cell membranes in animals and can be modified to form sex hormones.

E. Waxes

1. Waxes are special molecules with fatty acid chains attached to alcohols.

2. They confer extraordinary waterproofing qualities.

IV. Amino Acids and the Primary Structure of Proteins

A. Proteins function as enzymes, in cell movements, as storage and transport agents, as hormones, as antidisease agents, and as structural material throughout the body.

B. Structure of Amino Acids

1. Amino acids are small organic molecules with an amino group, an acid group, a hydrogen atom, and an "R" group.

2. The twenty different R groups determine the twenty naturally-occurring amino acids.

C. Primary Structure of Proteins 

1. Primary structure is defined as the chain (polypeptide) of amino acids each linked together in a definite sequence by peptide bonds between an amino group of one unit and an acid group of another.

2. Three or more amino acids linked together in this way forms a polypeptide chain.

V. How Does a Protein’s Three-Dimensional Structure Emerge?

A. Second Level of Protein Structure

1. Hydrogen bonds join the side groups of the amino acids in the primary chains.

2. The result is a helical coil or sheetlike array.

B. Third Level of Protein Structure

1. Interactions among R groups results in a complex three-dimensional shape.

2. Globular proteins have extensive tertiary structure.

C. Fourth Level of Protein Structure

1. Hemoglobin consists of four folded chains called globins, each with a heme group.

2. Quaternary structure describes the complexing of two or more polypeptide chains.

3. Keratin and collagen are examples of complex structural proteins.

D. Glycoproteins and Lipoproteins

1. Some proteins have other organic molecules attached to their polypeptide chains.

2. Lipoproteins and glycoproteins transport lipids and oligosaccharides, respectively.

E. Structural Changes by Denaturation

1. High temperatures or chemicals can cause the three-dimensional shape to be disrupted.

2. Normal functioning is lost upon denaturation, which is often irreversible.

VI. Focus on the Environment: Food Production and a Chemical Arms Race

VII. Nucleotides and Nucleic Acids

A. Nucleotides are small organic molecules.

1. Each nucleotide has a five-carbon sugar (ribose or deoxyribose), a nitrogen-containing base (single- or double-ringed), and a phosphate group.

2. Some nucleotides are involved in metabolism:

a. Adenosine phosphates are chemical messengers (cAMP) or energy carriers (ATP).

b. Nucleotide coenzymes transport hydrogen atoms and electrons (examples: NAD+ and FAD).

B. Nucleic Acids–DNA and RNA

1. In nucleic acids, four different kinds of nucleotides are bonded together in large macromolecules.

2. RNA is single-stranded; it functions in the assembly of proteins.

3. DNA is double-stranded; genetic messages are encoded in its base sequences.



Chapter 4: Cell Structure and Function


Animalcules and Cells Fill’d With Juices

A. Early Microscopists

1. Galileo saw details of insect eyes with two crude lenses in a tube.

2. Robert Hooke used simple lenses to observe cork in which he saw tiny compartments he called cellulae.

3. van Leeuwenhoek was able to see protistans, sperm, even bacteria.

B. Early Formulators of the Cell Theory

1. Schleiden and Schwann believed that animals as well as plants consist of cells.

2. Virchow said all cells come from preexisting cells.

C. The cell theory: has three generalizations:

1. All organisms are composed of one or more cells.

2. The cell is the smallest unit having the properties of life.

3. The continuity of life arises directly from the growth and division of single cells.

I. Basic Aspects of Cell Structure and Function

A. Structural Organization of Cells

1. The cell is the smallest entity that still retains the characteristics of life.

2. All cells have three basic parts:

a. A plasma membrane separates each cell from the environment, permits the flow of molecules across the membrane, and contains receptors that can affect the cell’s activities.

b. A DNA-containing region occupies a portion of the interior.

c. The cytoplasm contains membrane-bound compartments (except bacteria), particles, and filaments–all bathed in a semifluid substance.

3. Eukaryotic cells are defined by their possession of a membrane-bound nucleus.

4. Prokaryotic cells have no defined nucleus; the only representatives are bacteria.

B. Fluid Mosaic Model of Cell Membranes

1. The "fluid" portion of the cell membrane is made of phospholipids.

a. A phospholipid molecule is composed of a hydrophilic head and two hydrophobic tails.

b. If phospholipid molecules are surrounded by water, their hydrophobic fatty acid tails cluster and a bilayer results; hydrophilic heads are at the outer faces of a two-layer sheet. 

c. Bilayers of phospholipids are the structural foundation for all cell membranes.

2. Within a bilayer, phospholipids show quite a bit of movement; they diffuse sideways, spin, and flex their tails to prevent close packing and promote fluidity, which also results from short-tailed lipids and unsaturated tails (kink at double bonds).

C. Overview of Membrane Proteins

1. A variety of different proteins are embedded in the bilayer or positioned at its two surfaces.

2. Membrane proteins serve as transport proteins, receptor proteins, recognition proteins, and adhesion proteins.

II. Cell Size and Cell Shape

A. Because of their small size, most cells can only be seen by using light and electron microscopes.

B. Cell size is constrained by the surface-to-volume ratio.

1. If a cell expands in diameter during growth, its volume will increase more rapidly than its surface area will.

2. A cell that is too large will not be able to move materials into and out of the cell interior.

III. Focus On Science: Microscopes: Gateways to Cells

IV. The Defining Features of Eukaryotic Cells

A. Major Cellular Components

1. Organelles form compartmentalized portions of the cytoplasm.

2. All eukaryotic cells contain organelles. 

a. The nucleus controls access to DNA and permits easier packing of DNA during cell division.

b. The endoplasmic reticulum (ER) modifies newly formed polypeptide chains and is also involved with lipid synthesis.

c. The Golgi body modifies, sorts, and ships proteins; they also play a role in the synthesis of lipids for secretion or internal use.

d. Vesicles transport material between organelles and function in intracellular digestion.

e. Mitochondria are efficient factories of ATP production.

3. Cells also contain non-membranous structures:

b. Ribosomes, "free" or attached to membranes, participate in assembly of polypeptide chains.

g. The cytoskeleton helps to determine cell shape, internal organization, and movements.

4. Organelles separate reactions with respect to time (allowing proper sequencing) and space (allowing incompatible reactions to occur in close proximity).

B. Which Organelles Are Typical of Plants?

1. Figure 4.7a gives the locations of plant cell parts.

2. Although it is labeled "typical," no one diagram can speak for all variations in plant cells.

C. Which Organelles Are Typical of Animals?

1. Figure 4.7b gives the locations of animal cell parts.

2. Although it is labeled "typical," no one diagram can speak for all variations in animal cells.

3. Also notice the differences between plant and animal cells, particularly the cell wall and large central vacuole of plant cells.

V. The Nucleus

A. The nucleus isolates DNA, which contains the code for protein assembly, from the sites (ribosomes in cytoplasm) where proteins will be assembled.

1. Localization of the DNA makes it easier to sort out hereditary instructions when the time comes for a cell to divide.

2. The membranous boundary of the nucleus helps control the exchange of signals and substances between the nucleus and the cytoplasm.

B. Nuclear Envelope

1. The nuclear envelope consists of two lipid bilayers with pores.

2. It surrounds the nucleoplasm within.

3. On the inner surface are attachment sites for protein filaments that anchor the DNA molecules and keep them organized.

C. Nucleolus

1. Located within the nucleus, the nucleolus appears as a darker globular mass.

2. It is a region where subunits of ribosomes are prefabricated before shipment out of the nucleus.

D. Chromosomes

1. Chromatin refers to the cell’s total collection of DNA and associated proteins.

2. A chromosome is an individual DNA molecule and its associated proteins.

3. DNA is duplicated and condensed before cell division occurs.

E. What Happens to the Proteins Specified by DNA?

1. Some of the polypeptide chains assembled on the ribosomes are stockpiled in the cytoplasm.

2. Others pass through the cytomembrane system, where they take on their final form and become packaged in vesicles for use within the cell or for export.

VI. The Cytomembrane System

A. Endoplasmic Reticulum

1. The endoplasmic reticulum is a collection of interconnected tubes and flattened sacs that begin at the nucleus and ramble through the cytoplasm.

2. There are two types distinguished by the presence or absence of ribosomes:

a. Rough ER consists of stacked, flattened sacs with many ribosomes attached; oligosaccharide groups are attached to polypeptides as they pass through on their way to other organelles or to secretory vesicles.

b. Smooth ER has no ribosomes; it is the area from which vesicles carrying proteins and lipids are budded; it also inactivates harmful chemicals.

B. Golgi Bodies

1. In the Golgi bodies, proteins and lipids undergo final processing, sorting, and packaging.

2. The membranes of the Golgi are arranged in stacks of flattened sacs whose edges break away as vesicles.

C. A Variety of Vesicles

1. Lysosomes are vesicles that bud from Golgi bodies; they carry powerful enzymes that can digest the contents of other vesicles, worn-out cell parts, or bacteria and foreign particles.

2. Peroxisomes are vesicles containing enzymes that break down fatty acids and amino acids; the hydrogen peroxide released is degraded by another enzyme.

VII. Mitochondria

A. Mitochondria are the primary organelles for transferring the energy in carbohydrates to ATP under oxygen-plentiful conditions.

B. Hundreds of thousands of mitochondria occur in cells. 

1. It has two membranes, an inner folded membrane (cristae) surrounded by a smooth outer membrane.

2. Inner and outer compartments formed by the membranes are important in energy transformations.

3. Mitochondria have their own DNA and some ribosomes, a fact which points to the possibility that they were once independent entities.

VIII. Specialized Plant Organelles

A. Chloroplasts and Other Plastids

1. Chloroplasts are oval or disk shaped, bounded by a double membrane, and critical to the process of photosynthesis.

a. In the stacked disks (grana), pigments and enzymes trap sunlight energy to form ATP.

b. Sugars are formed in the fluid substance (stroma) surrounding the stacks.

c. Pigments such as chlorophyll (green) confer distinctive colors to the chloroplasts.

2. Chromoplasts have carotenoids, which impart red-to-yellow colors to plant parts, but no chlorophyll.

3. Amyloplasts have no pigments; they store starch grains in plant parts such as potato tubers.

B. Central Vacuole

1. In the mature plant, the central vacuole may occupy 50—90% of the cell interior. 

a. It stores amino acids, sugars, ions, and wastes.

b. The vacuole enlarges during growth and greatly increases the cell’s outer surface area. 

2. The cytoplasm is forced into a very narrow zone between the central vacuole and the plasma membrane.

IX. The Cytoskeleton

A. The Main Components

1. The cytoskeleton is an interconnected system of fibers, threads, and lattices that extends between the nucleus and the plasma membrane.

2. It gives cells their internal organization, overall shape, and capacity to move.

3. The main components are microtubules, microfilaments, and intermediate filaments–all assembled from protein subunits.

4. Some portions are transient, such as the "spindle" microtubules used in chromosome movement during cell division; others are permanent, such as filaments operational in muscle contraction.

B. The Structural Basis of Cell Movements

1. Through the controlled assembly and disassembly of their subunits, microtubules and microfilaments grow or shrink in length (example: movement of chromosomes).

2. Microfilaments or microtubules actively slide past one another (example: muscle movement).

3. Microtubules or microfilaments shunt organelles from one location to another (example: cytoplasmic streaming).

C. Flagella and Cilia

1. Flagella are quite long, are usually not numerous, and are found on one-celled protistans and animal sperm cells.

2. Cilia are shorter and more numerous and can provide locomotion for free-living cells or may move surrounding water and particles if the ciliated cell is anchored.

3. Both of these extensions of the plasma membrane have a 9 + 2 cross-sectional array (arising from centrioles) and are useful in propulsion.

X. Cell Surface Specializations

A. Eukaryotic Cell Walls

1. Many single-celled eukaryotes have a cell wall, a supportive and protective structure outside the plasma membrane

2. Microscopic pores allow water and solute passage to and from underlying plasma membrane.

3. In plants, bundles of cellulose strands form the primary cell wall, which is more pliable than the more rigid secondary wall that is laid down inside it later.

4. Plasmodesmata are the channels that cross the adjacent walls to connect the cytoplasm of neighboring cells.

B. Matrices Between Animal Cells

1. This is a meshwork that holds animal cells and tissues together and influences how the cells will divide and metabolize.

2. Cartilage consists of cells and proteins (collagen and elastin) scattered in a ground substance (modified polysaccharides).

C. Cell-to-Cell Junctions 

1. At tissue surfaces, cells link together to form a barrier between the interior and exterior.

2. Three cell-to-cell junctions are common.

a. Tight junctions link cells of epithelial tissues to form seals.

b. Adhering junctions are like spot welds in tissues subject to stretching.

c. Gap junctions link the cytoplasm of adjacent cells; they form communication channels.

XI. Prokaryotic Cells–The Bacteria

A. The term prokaryotic (literally, "before the nucleus") indicates existence of bacteria before evolution of cells with a nucleus; bacterial DNA is clustered in a distinct region of the cytoplasm.

B. Bacteria are some of the smallest and simplest cells.

1. A somewhat rigid cell wall supports the cell and surrounds the plasma membrane, which regulates transport into and out of the cell.

2. Ribosomes, protein assembly sites, are dispersed throughout the cytoplasm.

3. Bacterial flagella (without a 9+2 array) provide movement; pili on the cell surface help bacteria attach to surfaces and one another.

CHAPTER 5: Ground Rules of Metabolism


You Light Up My Life

A. Fireflies use enzymes to produce light by bioluminescence.

B. Researchers transferred genes for bioluminescence into strains of Salmonella so that the course of infection could be tracked by visualization.

I. Energy and the Underlying Organization of Life

A. Defining Energy

1. Potential energy is the capacity to do work; in molecules it is called chemical energy.

2. Kinetic energy is the energy of motion.

3. Energy transfers release heat.

B. What Can Cells Do With Energy?

1. Energy can be obtained from the sun, inorganic, and organic substances.

2. Cells use energy for work: chemical, mechanical, and electrochemical.

C. How Much Energy Is Available?

1. First law of thermodynamics states that the total amount of energy in the universe is constant; it cannot be created or destroyed; it can only change form.

2. Energy cannot be produced by a cell; it can only be borrowed from someplace else.

D. The One-Way Flow of Energy

1. Energy can be of high quality, that is, highly concentrated and usable; or it can be of low quality, such as heat that is released into the universe.

2. Second law of thermodynamics states that the spontaneous direction of energy flow is from high- to low-quality forms.

a. Each conversion results in production of energy (usually heat) that is unavailable for work.

b. As systems lose energy, they become more disorganized; the measure of this disorder is called entropy.

3. The world of life (plant and animal) maintains a high degree of organization only because it is being resupplied with energy from the sun.

II. Doing Cellular Work

A. When cells convert one form of energy to another, there is a change in the amount of potential energy.

1. Endergonic (energy in) reactions result in products with more energy than the reactants had.

2. Exergonic (energy out) reactions result in products with less energy than the reactants had.

B. ATP–The Cell’s Energy Currency

1. Before cells can use the energy of sunlight or that stored in carbohydrates, they must transfer the energy to molecules of ATP.

a. ATP is composed of adenine, ribose, and three phosphate groups.

b. ATP transfers energy to many different chemical reactions; almost all metabolic pathways directly or indirectly run on energy supplied by ATP. 

2. Energy input links phosphate to ADP to produce ATP.

a. ATP can donate a phosphate group (phosphorylation) to another molecule, which then becomes primed and energized for specific reactions.

b. ADP can be recycled to ATP very rapidly.

C. Electron Transfers

1. Oxidation-reduction reactions are simply electron transfers between molecules.

a. The donor molecule loses an electron and is oxidized.

b. The receptor molecule gains an electron and is reduced.

2. Certain electron transfers proceed in an orderly, stepwise fashion to control the release of energy.

D. Metabolic Pathways

1. Metabolic pathways form series of reactions that regulate the concentration of substances within cells by enzyme-mediated linear and circular sequences.

a. In biosynthetic pathways, small molecules are assembled into large molecules–for example, simple sugars are assembled into complex carbohydrates.

b. In degradative pathways, large molecules such as carbohydrates, lipids, and proteins are broken down to form products of lower energy. Released energy can be used for cellular work.

2. Terms used in describing metabolic pathways include:

a. Substrates (= reactants )are substances that enter into a reaction.

b. Intermediates are substances that form between the start and conclusion of metabolic pathway.

c. End products are the substances present at the conclusion of a reaction or pathway.

d. Energy carriers donate energy to substances by transferring functional groups to them; ATP is the main type.

e. Enzymes are proteins that catalyze (speed up) specific reactions.

f. Cofactors are organic molecules or metal ions that assist enzymes or transport electrons/atoms.

g. Transport proteins adjust the concentration gradients at cell membranes in way that influence the direction of metabolic reactions.

III. Enzyme Structure and Function

A. Enzymes mediate reversible reactions that tend to run toward chemical equilibrium.

B. Four Features of Enzymes

1. Enzymes are proteins that serve as catalysts; they speed up reactions.

2. Enzymes can be reused.

3. Enzyme actions are reversible.

4. Enzymes are selective and act upon specific substrates.

C. Enzyme-Substrate Interactions

1. Activation energy is the amount of energy needed to bring colliding molecules to the transition state.

2. Enzymes increase the rate of a reaction by lowering the activation energy through extensive bonding of substrate at the active site.

a. The active site is a crevice where the substrate binds to the enzyme during a reaction according to the induced-fit model.

b. In order to proceed reactants must reach a "transition" state.

IV. Factors Influencing Enzyme Activity

A. Enzymes and the Environment

1. Because enzymes operate best within defined temperature ranges, high temperatures decrease reaction rate by disrupting the bonds that maintain three-dimensional shape (denaturation occurs).

2. Most enzymes function best at a pH near 7; higher or lower values disrupt enzyme shape and halt function.

B. How Is Enzyme Action Controlled?

1. Some controls regulate the number of enzyme molecules available by speeding up/slowing down their synthesis.

2. Feedback inhibition operates when a substance triggers a cellular change that shuts down production of that substance.

3. Allosteric enzymes have (in addition to active sites) regulatory sites where control substances can bind to alter enzyme activity; if this control substance is the end product in the enzyme’s metabolic pathway, feedback inhibition occurs.

4. Hormones are the signaling molecules in enzyme control.

V. Reactants, Products, and Cell Membranes

A. Every cell membrane shows selective permeability; i.e., some substances but not others can cross them in certain ways, at certain times.

B. Gases, nonpolar molecules, and even water can move quite readily through the lipid bilayer.

C. Glucose and other large polar molecules must cross the membrane through transport proteins.

VI. Working With and Against Concentration Gradients

A. A concentration gradient is a difference in the number of molecules or ions of a given substance in two adjoining regions.

1. Molecules constantly collide and tend to move according to existing concentration gradients.

2. The net movement of like molecules down a concentration gradient (high to low) is simple diffusion.

3. Gradients in temperature, electric charge, and pressure, can influence movements.

B. Passive Transport

1. In passive transport, solutes pass through the cell membrane with assistance from transport proteins in accordance with the concentration gradient.

2. Transport proteins change shape to move substances into and out of the cell.

C. Active Transport

1. In active transport, solutes can move against concentration gradients with assistance from transport proteins that can change their shape with energy supplied by ATP.

2. The sodium-potassium pump is a major cotransport system in that it can set up concentration gradients that can in turn drive other transport activities.

VII. Movement of Water Across Membranes

A. Osmosis

1. Bulk flow is the mass movement of one or more substances in response to pressure, gravity, of some other external force, like the flow of blood in the circulatory system.

2. Osmosis is the passive movement of water across a differentially permeable membrane in response to solute concentration gradients, pressure gradients, or both.

B. Effects of Tonicity

1. Osmotic movements are affected by the relative concentrations of solutes (called tonicity) in the fluids inside and outside the cell.

2. Three conditions can occur:

a. A hypotonic fluid has a lower concentration of solutes than does the fluid in the cell; cells immersed in it may swell.

b. A hypertonic fluid has a greater concentration of solutes than does the fluid in the cell; cells in it may shrivel.

c. An isotonic fluid has the same concentration of solutes as the fluid in the cell; immersion in it causes no net movement of water.

C. Effects of Fluid Pressure

1. Any volume of fluid exerts hydrostatic pressure against a cell membrane.

2. Osmotic pressure is the amount of force that prevents any further increase in the volume of solution inside a cell.

VIII. Exocytosis and Endocytosis

A. Exocytosis 

1. Vesicles, small sacs made of membranes, can transport and store substances within the cytoplasm.

2. Exocytosis moves substances from cytoplasm to plasma membrane during secretion.

B. Endocytosis

1. Endocytosis encloses particles in small portions of plasma membrane to form vesicles that then move into the cytoplasm.

2. Phagocytic cells (amoebas and white blood cells) digest the contents of the endocytic vesicles by means of enzymes within lysosomes which fuse with the vesicles.

CHAPTER 6: How Cells Acquire Energy


Sunlight and Survival

A. For all life based on organic compounds, two questions can be raised:

1. Where does the carbon come from?

2. Where does the energy come from to link carbon and other atoms into organic compounds?

B. Autotrophs are "self-nourishing."

1. They obtain carbon from carbon dioxide.

2. Photosynthetic autotrophs (plant, protistan, and bacterial members) harness light energy.

C. Heterotrophs feed on autotrophs, each other, and organic wastes.

1. Heterotrophs acquire carbon and energy from autotrophs.

2. Heterotrophs include animals, protistans, bacteria, and fungi.

D. Carbon and energy enter the web of life by photosynthesis and in turn are released by glycolysis and aerobic respiration.

I. Photosynthesis–An Overview

A. Where the Reactions Take Place

1. Both stages of photosynthesis occur in the chloroplast.

2. The semifluid interior (stroma) is the site for the second series of photosynthesis reactions.

3. The inner membrane (thylakoid membrane system) weaves through the stroma; it is often stacked (grana); the first reactions occur here.

B. Energy and Materials for the Reactions

1. The light-dependent reactions convert light energy to chemical energy, which is stored in ATP and NADPH; water is split.

2. The light-independent reactions assemble sugars and other organic molecules using ATP and NADPH as energy sources.

3. Overall, for glucose formation:

sunlight

12H2O + 6CO2 –––––> 6O2 + C6H12O6 + 6H2O

II. Sunlight As an Energy Source

A. Properties of Light

1. Organisms use only a small range of wavelengths for photosynthesis, vision, and other processes.

2. Most of these wavelengths are the ones we see as visible colors.

3. Light energy is packaged as photons, which vary in energy as a function of wavelength.

B. The Rainbow Catchers

1. Pigment molecules on the thylakoid membranes absorb photons.

2. Chlorophyll pigments absorb blue and red but transmit green (leaves).

3. Carotenoid pigments absorb violet and blue but transmit yellow, orange, and red.

4. Phycobilins are red and blue pigments found in red algae and cyanobacteria.

C. Why Aren’t All Pigments Black?

1. Different colors of pigments vary in their ability to penetrate the various depths of water where aquatic plants live.

2. Natural selection favored the evolution of different pigments at the different depths.

III. The Light-Dependent Reactions

A. Three events are involved:

1. Pigments absorb light energy and give up electrons.

2. Water molecules are split; ATP and NADPH form; oxygen is released.

3. Electrons are replaced in the pigment molecules that first gave them up.

B. What Happens to the Absorbed Energy?

1. A photosystem is a cluster of 200 to 300 light-absorbing pigments located in the thylakoid.

2. The pigments "harvest" sunlight.

a. Absorbed photons of energy boost electrons to a higher level.

b. The electrons quickly return to the lower level and release energy.

c. Released energy is trapped by chlorophylls.

d. The trapped energy is then used to transfer a chlorophyll electron to an acceptor molecule.

e. Electrons expelled from a chlorophyll molecule go through one or two electron transport systems, resulting in formation of ATP and NADPH.

C. Cyclic and Noncyclic Electron Flow

1. In the cyclic pathway of ATP formation, electrons are first excited, pass through an electron transport system, and then return to the original photosystem.

a. This photosystem is characterized by the presence of chlorophyll P700.

b. The cyclic pathway is an ancient way to make ATP from ADP; it was used by early bacteria.

2. The noncyclic pathway of ATP formation transfers electrons through two photosystems and two electron transport systems (ETS) simultaneously.

a. One pathway begins when chlorophyll P680 in photosystem II absorbs energy.

1) Boosted electron moves through a transport system, which releases energy for ADP + Pi ––> ATP.

2) Electron fills "hole" left by electron boost in P700 of photosystem I.

3) Electron from photolysis of water fills "electron hole" left in P680 and produces oxygen by-product.

b. The other pathway begins when chlorophyll P700 in photosystem I absorbs energy.

1) Boosted electron from P700 passes to acceptor, then ETS, and finally joins NADP to form NADPH (which along with ATP can be used in synthesis of organic compounds).

2) Energy hole is filled by electron from P680.

D. The Legacy–A New Atmosphere

1. Oxygen is a by-product of photosynthesis

2. Since about 2 billion years ago, oxygen has been accumulating in the atmosphere making aerobic respiration in animals possible.

IV. A Closer Look at ATP Formation in Chloroplasts

A. Electron flow causes H+ to accumulate inside the thylakoid compartments.

B. When the H+ flow out to the stroma through the channel proteins, ATP synthase causes ADP to gain a phosphate to form ATP.

V. Light-Independent Reactions

A. These reactions constitute a pathway known as the Calvin-Benson cycle. 

1. The participants and their roles in the synthesis of carbohydrates are:

a. ATP, which provides energy.

b. NADPH, which provides hydrogen atoms and electrons.

c. Atmospheric air, which provides the carbon and oxygen from carbon dioxide.

2. The reactions take place in the stroma of chloroplasts and are not dependent on sunlight.

B. How Do Plants Capture Carbon?

1. Carbon dioxide diffuses into a leaf, across the plasma membrane of a photosynthetic cell, and into the stroma of a chloroplast.

2. Rubisco joins carbon dioxide to RuBP to produce an unstable intermediate that splits to form two molecules of PGA.

C. How Do Plants Build Glucose?

1. Each PGA then receives a Pi from ATP plus H+ and electrons from NADPH to form PGAL (phosphoglyceraldehyde).

2. Most of the PGAL molecules continue in the cycle to fix more carbon dioxide, but two PGAL join to form a sugar-phosphate, which will be modified to sucrose, starch, and cellulose.

VI. Fixing Carbon–So Near, Yet So Far

A. Plants in hot, dry environments close their stomata to conserve water, but in so doing retard carbon dioxide entry and permit oxygen buildup inside the leaves.

1. Thus, oxygen–not carbon dioxide– becomes attached to RuBP to yield one PGA (instead of two) and one phosphoglycolate (not useful); this unproductive process is called photorespiration.

2. To overcome this fate, crabgrass, sugarcane, corn, and other plants fix carbon twice to produce oxaloacetate, a four-carbon compound which can then donate the carbon dioxide to the Calvin-Benson cycle. These plants are called C4 plants.

B. In desert plants opening the stomata in the daytime would allow too much water to escape.

1. Instead, they open the stomata at night and fix CO2 in the form of crassulacean acid for use the next day in carbohydrate synthesis.

2. These plants are known as CAM plants.

CHAPTER 7: How Cells Release Stored Energy


The Killers Are Coming! The Killers Are Coming! 

A. In the 1950s bees from Africa were introduced into Brazil in an attempt to produce a strain of bees that were better at pollinating and producing honey.

B. Unfortunately, the "African bees" are more aggressive and have attacked humans and animals as they spread throughout South and Central America.

C. Now they have arrived in the United States.

I. How Do Cells Make ATP?

A. ATP is the prime energy carrier for all cells, both autotrophic and heterotrophic.

B. Comparison of the Main Types of Energy-Releasing Pathways

1. Fermentation pathways and anaerobic electron transport can release small quantities of energy without the use of oxygen.

2. Aerobic respiration is the main energy-releasing pathway leading to ATP formation; it occurs in the mitochondria.

3. All energy-releasing pathways begin with the glycolysis reactions, which occur in the cytoplasm.

C. Overview of the Aerobic Respiration

1. Fermentation produces a net yield of two ATP; aerobic respiration yields thirty-six ATP.

2. The aerobic route is summarized:

C6H12O6 + 6O2 .–––> 6CO2 + 6H2O

3. Three series of reactions are required for aerobic respiration:

a. Glycolysis is the breakdown of glucose to pyruvate; small amounts of ATP are generated.

b. Krebs cycle degrades pyruvate to carbon dioxide, and water; ATP is produced; NAD and FAD accept H+ ions and electrons to be carried to the ETS.

c. Electron transport phosphorylation processes the H+ ions and electrons to generate high yields of ATP; oxygen is the final electron acceptor.

II. Glycolysis: First Stage of the Energy-Releasing Pathways

A. Enzymes in the cytoplasm catalyze several steps in glucose breakdown.

1. Glucose is first phosphorylated in energy-requiring steps, then split to form two molecules of PGAL.

2. Enzymes remove H+ and electrons from PGAL to change NAD+ to NADH (which is used later in electron transport).

3. By substrate-level phosphorylation, four ATPs are produced.

B. The end products of glycolysis are: two pyruvates, two ATP (net gain), and two NADH for each glucose molecule degraded.

III. Second Stage of the Aerobic Pathway

A. Preparatory Steps and the Krebs Cycle

1. Pyruvate enters the mitochondria, one carbon is removed and the two-carbon fragment joins coenzyme A.

2. Acetyl CoA then joins oxaloacetate already present from a previous "turn" of the cycle.

B. Functions of the Second Stage

1. H+ and e— are transferred to NAD+ and FAD to become NADH and FADH2, respectively..

2. Two molecules of ATP are produced by substrate-level phosphorylation.

3. Most of the molecules are recycled to conserve oxaloacetate for continuous processing of acetyl-CoA.

IV. Third Stage of the Aerobic Pathway

A. Electron Transport Phosphorylation

1. NADH and FADH2 give up their electrons to transport (enzyme) systems embedded in the mitochondrial inner membrane.

2. H+ are released into the outer compartment of the mitochondrion.

3. As H+ flow back into the inner compartment, ATP synthases form ATP from ADP and unbound phosphate.

4. Oxygen joins with the "spent" electrons and H+ to yield water.

B. Summary of the Energy Harvest

1. Electron transport yields thirty-two ATP; glycolysis yields two ATP; Krebs yields two ATP, for a grand total of thirty-six ATP per glucose molecule.

2. When energy is transferred from glucose to ATP, the efficiency is about 40%.

V. Anaerobic Routes of ATP Formation

A. Fermentation Pathways

1. Anaerobic pathways operate when oxygen is absent (or limited); pyruvate from glycolysis is metabolized to produce molecules other than acetyl-CoA.

2. There is a net yield of two ATPs and NAD+ is regenerated.

3. Lactate Fermentation

a. Pyruvate molecules are converted to lactate.

b. Certain bacteria can sour milk and make it undrinkable but other bacteria have been used commercially to produce cheese, yogurt, and sauerkraut.

c. When muscle cells are very active, they convert to producing lactate temporarily.

4. Alcoholic Fermentation

a. Cellular enzymes convert pyruvate to acetaldehyde, which then accepts electrons from NADH to become alcohol.

b. Yeasts are valuable in the baking industry (carbon dioxide by-product makes dough rise) and in alcoholic beverage production.

B. Anaerobic Electron Transport

1. This pathway, found in many bacteria, influences the cycling of nitrogen, sulfur, and other elements.

2. Electrons are stripped from some organic compound and passed to inorganic elements (acceptors).

VI. Alternative Energy Sources in the Human Body

A. Carbohydrate Breakdown in Perspective

1. Excess carbohydrate intake is stored as glycogen in the liver and muscle for future use.

2. Free glucose is used until it runs low, then glycogen reserves are tapped.

B. Energy from Fats

1. Excess fats are stored away in cells of adipose tissue.

2. Fats are digested into glycerol (which enters glycolysis) and fatty acids (which enter the Krebs cycle).

3. Because fatty acids have many more carbon and hydrogen atoms, they are degraded more slowly and yield greater amounts of ATP.

C. Energy from Proteins

1. Amino acids are released by digestion and travel in the blood.

2. After the amino group is removed, the amino acid remnant is fed into the Krebs cycle.

CHAPTER 8: Cell Division and Mitosis


Silver in the Stream of Time

A. Growth as well as reproduction depends on cell division.

1. What instructions are necessary for inheritance?

2. How are those instructions duplicated for distribution into daughter cells?

3. By what mechanisms are those instructions divided into daughter cells?

B. In cell division, parent cells must provide their daughter cells with hereditary instructions (encoded in DNA) and enough cytoplasmic machinery to start up their own operation.

I. Dividing Cells: The Bridge Between Generations

A. Overview of Division Mechanisms

1. Before a cell of an organism reproduces, it undergoes mitosis or meiosis.

2. Both are nuclear division mechanisms that sort out the parent’s DNA into new nuclei, followed by a mechanism that divides the cytoplasm into daughter cells.

a. Multicelled organisms grow by way of mitosis of the body, or somatic, cells.

b. Meiosis occurs in germ cells, which generate gametes necessary for sexual reproduction.

B. Some Key Points About Chromosomes

1. Chromosomes are molecules of DNA complexed with proteins.

2. Between divisions, each threadlike chromosome is duplicated to form sister chromatids joined by a centromere.

3. The centromere is the region where the chromosome will attach to microtubules during nuclear division.

C. Mitosis and the Chromosome Number

1. All somatic cells of a particular species have the same number of chromosomes; example: humans have forty-six.

a. Chromosomes come in pairs–one member from each parent.

b. Chromosome pairs carry genes for the same traits.

2. Chromosome number (n) tells how many of each type of chromosome is present in a cell; 2n is diploid.

II. The Cell Cycle

A. The cell cycle is a recurring sequence of events that extends from the time of a cell’s formation until its division is completed.

B. Most of a cell’s existence (about 90%) is spent in interphase; mitosis occupies only a small portion.

1. During interphase the cell’s mass increases, the cytoplasmic components approximately double in number, and the DNA is doubled.

2. Some cells are arrested in interphase and usually never divide again (example: brain cells).

III. The Stages of Mitosis–An Overview

A. Chromosomes are moved by a spindle apparatus composed of two sets of microtubules that extend from each pole (centriole) of the cell and overlap at the equator.

B. Prophase: Mitosis Begins

1. Chromosomes (already duplicated during interphase) become visible as rodlike units, each consisting of two sister chromatids joined at the centromere.

2. Nuclear membrane breaks up; spindle forms.

3. Microtubules move one pair of centrioles to opposite pole of the cell.

C. Transition to Metaphase

1. Sister chromatids become oriented toward opposite poles.

2. When all the chromosomes are aligned at the cell’s equator halfway between the poles, the cell is said to be in metaphase.

D. From Anaphase Through Telophase

1. Sister chromatids separate and move toward opposite poles.

2. Now each chromatid is an independent (daughter chromosome) chromosome.

3. Telophase begins when chromosomes arrive at the poles.

4. The nuclear envelope forms from the fusion of small vesicles; mitosis is complete.

E. At the conclusion of mitosis, each new cell has the same chromosome number as the parent nucleus.

IV. Division of the Cytoplasm

A. Cell Plate Formation in Plants

1. Plant cells form a cell plate (cellulose) that separates the two new cells.

2. Vesicles containing building materials fuse with one another to form the disk-like cell plate between the two new cells.

B. Cytoplasmic Division of Animal Cells

1. In animal cells, cleavage furrow on the outer surface indicates that two new cells are forming.

2. Contractile microfilaments pull the plasma membrane inward.

V. A Closer Look At the Cell Cycle

A. On Chromosomes and Spindles

1. The DNA of humans and other eukaryotes is highly organized to prevent tangling.

a. Some histones (a type of protein) act as spools to wind the DNA into units called nucleosomes.

b. Another histone stabilizes the arrangement and allows the beaded chain to form looped regions.

2. By late prophase, each sister chromatid has developed a constricted region bearing a docking site (kinetochore) for attachment of the spindle microtubules.

3. During anaphase as the chromatids are moving to the poles, motor proteins (dynein and kinesin) drive the action along the microtubules.

B. The Wonder of Interphase

1. The control of cell division resides in the subphases of interphase.

2. During G1, cells assemble most of the carbohydrates, lipids, and proteins that are needed by the cell and for export.

3. During the S phase the DNA and histones are copied.

4. During G2, further protein synthesis drives the cell toward mitosis.

VI. Focus on Science: Henrietta’s Immortal Cells

CHAPTER 9: Meiosis


Octopus Sex and Other Stories

A. There are many variations of reproductive activity both sexual and asexual.

B. Sexual reproduction requires meiosis and fertilization.

I. Comparing Sexual With Asexual Reproduction

A. In asexual reproduction, one parent passes a duplicate of its genes (DNA molecules) to its offspring, which can only be genetically identical clones of the parent.

B. In sexual reproduction, each parent contributes one gene for each trait.

1. Genes for each trait come in slightly different forms called alleles, originally produced by mutations.

2. Meiosis shuffles the alleles during gamete formation, and fertilization produces offspring with unique combinations of alleles.

3. The variation generated by sexual reproduction is the testing ground for natural selection and is the basis for evolutionary change.

II. How Meiosis Halves the Chromosome Number

A. Think "Homologues"

1. Meiosis begins with diploid (2n = 46) germ cells and produces haploid gametes 
(n = 23).

a. In 2n cells there are two chromosomes of each type, called homologous chromosomes.

b. Homologous chromosomes line up (even unequally matched sex chromosomes!) during meiosis.

2. Meiosis produces gametes that have one of each pair of homologous chromosomes, i.e., they are haploid.

B. Two Divisions, Not One

1. In some ways meiosis resembles mitosis:

a. The chromosomes are duplicated during interphase to form sister chromosomes held together at the centromere.

b. Chromosomes are moved by the microtubules of the spindle apparatus.

2. Unlike mitosis, meiosis has two series of divisions–meiosis I and II.

a. During meiosis I, homologous chromosomes pair and the cytoplasm divides later.

1) Each of the two daughter cells receives a haploid number of chromosomes.

2) Each chromosome is still duplicated. 

b. In meiosis II, the sister chromatids of each chromosome separate; the cytoplasm divides again, resulting in four haploid cells.

III. A Visual Tour of the Stages of Meiosis

[This section is exclusively a two-page figure of meiosis I and II.]

IV. A Closer Look at Key Events of Meiosis I

A. What Goes On in Prophase I?

1. Homologous chromosomes pair up.

a. Nonsister chromatids exchange segments in a process called crossing over.

b. Because alleles for the same trait can vary, new combinations of genes in each chromosome can result; this is one source of genetic variation.

2. Crossing over leads to genetic recombination.

B. Metaphase I Alignments

1. During metaphase I, homologous chromosomes randomly line up at the spindle equator.

2. During anaphase I, homologous chromosomes (still duplicated) separate into two haploid cells, each of which has a random mix of maternal and paternal chromosomes.

V. From Gametes To Offspring

A. Gamete Formation in Plants

1. Events such as spore formation may occur between meiosis and gamete formation.

2. Haploid spores germinate into haploid gamete-producing bodies.

3. Gamete-producing bodies and spore-producing bodies develop during the life cycle of plants.

B. Gamete Formation in Animals

1. In males, meiosis and gamete formation are called spermatogenesis.

a. Germ cell (2n) ––> primary spermatocyte (2n) ––> MEIOSIS I ––> two secondary spermatocytes (n) ––> MEIOSIS II ––> four spermatids (n).

b. Spermatids change in form; each develops a tail to become a mature sperm.

2. In females, meiosis and gamete formation are called oogenesis.

a. Germ cell (2n) ––> primary oocyte (2n) ––> MEIOSIS I ––> secondary oocyte (n, and large in size) plus polar body (n, and small in size) ––> MEIOSIS II ––> one large ovum (n) plus three polar bodies (n, small).

b. The single ovum is the only cell capable of being fertilized by a sperm; the polar bodies wither and die.

C. More Shufflings at Fertilization

1. The diploid chromosome number is restored at fertilization when two very different gamete nuclei fuse to form the zygote.

2. Variation present at fertilization is from three sources:

a. Crossing over occurs during prophase I.

b. Random alignments at metaphase I lead to millions of combinations of maternal and paternal chromosomes in each gamete.

c. Of all the genetically diverse gametes produced, chance will determine which two will meet.

VI. Meiosis and Mitosis Compared

A. Mitotic cell division produces clones; this type of division is common in single-celled, asexually reproducing organisms and in the growth process of multicelled forms.

B. Meiosis occurs only in the germ cells used in sexual reproduction; it gives rise to novel combinations of alleles in offspring.

VI. Focus on Science: Henrietta’s Immortal Cells





CHAPTER 10: Observable Patterns of Inheritance


A Smorgasbord of Ears and Other Traits

A. Observable characters such as attached or unattached earlobes are the result of genes that come in slightly different molecular forms called alleles.

B. Analysis of these observable traits all started with Gregor Mendel and some peas growing in his monastery garden.

I. Mendel’s Insight into Patterns of Inheritance

A. Introduction

1. By the late nineteenth century, natural selection suggested that a population could evolve if members show variation in heritable traits. Variations that improved survival chances would be more common in each generation–in time, the population would change or evolve.

2. The theory of natural selection did not fit with the prevailing view of inheritance–blending.

a. Blending would produce uniform populations; such populations could not evolve.

b. Many observations did not fit blending–for example, a white horse and a black horse did not produce only gray ones.

3. Gregor Mendel used experiments in plant breeding and a knowledge of mathematics to form his hypotheses.

B. Mendel’s Experimental Approach

1. Mendel used the garden pea in his experiments.

a. This plant can fertilize itself; true-breeding varieties were available to Mendel.

b. Peas can also be cross-fertilized by human manipulation of the pollen.

2. Mendel cross-fertilized true-breeding garden pea plants having clearly contrasting traits (example: white versus purple flowers).

C. Some Terms Used in Genetics

1. Genes carry encoded information about specific traits.

2. Each gene has a locus on a chromosome.

3. Diploid cells have two genes (a gene pair) for each trait–each on a homologous chromosome.

4. Alleles are various molecular forms of a gene for the same trait.

5. If homozygous, both alleles are the same.

6. If heterozygous, the alleles differ.

7. When heterozygous, one allele is dominant (A), and the other is recessive (a).

8. Homozygous dominant = AA, homozygous recessive = aa, and heterozygous = Aa.

9. Genotype is the sum of the genes, and phenotype is how the genes are expressed.

II. Mendel’s Theory of Segregation

A. Predicting Outcomes of Monohybrid Crosses 

1. Mendel’s first experiments were monohybrid crosses.

a. Monohybrid crosses have two parents that are true-breeding for contrasting forms of a trait.

b. One form of the trait disappears in the first generation (F1), only to show up in the second generation.

c. We now know that all members of the first generation are heterozygous because one parent could produce only an A gamete and the other could produce only an a gamete.

2. Results of the F2 generation required mathematical analysis.

a. The numerical ratios of crosses suggested that genes do not blend.

b. For example, the F2 offspring showed a 3:1 phenotypic ratio.

c. Mendel assumed that each sperm has an equal probability of fertilizing an egg. This can be seen most easily by using the Punnett square. 

d. Thus, each new plant has three chances in four of having at least one dominant allele. 

3. The Mendelian theory of segregation states that diploid organisms inherit two genes per trait, and each gene segregates from the other during meiosis such that each gamete will receive only one gene per trait.

B. Testcrosses 

1. To support his concept of segregation, Mendel crossed F1 plants with homozygous recessive individuals.

2. A 1:1 ratio of recessive and dominant phenotypes supports his hypothesis.

III. Independent Assortment

A. Predicting Outcomes of Dihybrid Crosses

1. Mendel also performed experiments involving two traits–a dihybrid cross.

a. Mendel correctly predicted that all F1 plants would show both of the dominant alleles (example: all purple flowers and all tall plants). 

b. Mendel wondered if the genes for flower color and plant height would travel together when two F1 plants were crossed.

2. The F2 results showed 9/16 were tall and purple-flowered and 1/16 were dwarf and white-flowered–as were the original parents; however, there were 3/16 each of two new combinations: dwarf purple-flowered and tall white-flowered.

B. The Theory in Modern Form

1. We now know that genes located on nonhomologous chromosomes segregate independently of each other and give the same phenotypic ratio as Mendel observed: 9:3:3:1.

2. The Mendelian theory of independent assortment states that each gene of a pair tends to assort into gametes independently of other gene pairs located on nonhomologous chromosomes.

IV. Dominance Relations

A. Incomplete Dominance,

1. This is condition in which the dominant allele cannot completely mask the expression of another

2. For example: red-flowered snapdragons crossed with white ones yield pink.

B. ABO Blood Types: A Case of Codominance

1. In codominance, both alleles are expressed in heterozygotes .

2. Blood type is determined by markers produced by three genes–a multiple allele system.

a. IA and IB are each dominant to i, but are codominant to each other.

b. Therefore, some persons can express both genes and have AB blood.

V. Multiple Effects of Single Genes

A. Pleiotropy occurs when a single gene affects unrelated aspects of the phenotype.

B. The gene for sickle-cell anemia codes for a variant form of hemoglobin. The altered hemoglobin in turn affects the shape of the red blood cells, which clump together and block capillaries. Impaired gas flow damages tissues.

VI. Interactions Between Gene Pairs

A. Epistasis is a condition in which one gene pair masks the expression of another gene.

B. Hair Color in Mammals

1. The black, brown, or yellow fur color in Labrador retrievers is the result of variations in the amount and distribution of the pigment melanin.

2. The alleles of one gene control the production of melanin (black and brown) while another specifies its deposition (less of the pigment results in the yellow color).

C. Comb Shape in Poultry

1. In some cases of epistasis, interaction between two gene pairs results in a phenotype the neither pair can produce alone.

2. Various allelic combinations can produce combs with names like single, rose, pea, and walnut.

VII. How Can We Explain Less Predictable Variations?

A. Regarding the Unexpected Phenotype

1. Different combinations of alleles may interact differently in some individuals than in others.

2. Campodactyly can show up in one, both, or neither hand.

B. Continuous Variation in Populations

1. Mendel’s traits show discontinuous variation because they belonged to one or more clear classes.

2. Most traits are not qualitative but show continuous variation and are transmitted by quantitative inheritance; example: height in humans..

VIII. Examples of Environmental Effects on Phenotype

A. Environmental temperature affects a heat-sensitive enzyme necessary for melanin deposition in the fur of Siamese cats.

B. The acidity of the soil will influence the flower color in hydrangea plants.

CHAPTER 11: Chromosomes and Human Genetics


The Philadelphia Story

A. The first abnormal chromosome to be associated with cancer was named the Philadelphia chromosome after the city in which it was discovered.

1. Karyotyping revealed that the abnormal chromosome is number nine to which a piece of number twenty-two is attached.

2. The altered genes specify an abnormal protein that stimulates unrestrained division of white blood cells–leukemia.

B. The modern study of genetics began with the rediscovery of Mendel’s work in 1884.

1. By 1882, Flemming observed threadlike chromosomes in the nuclei of dividing cells.

2. By 1887, Weismann suggested that meiosis halves the number of chromosomes when gametes are made.

3. By 1900, Mendel’s work was finally appreciated–namely, his view that diploid cells have two units for each trait and the units segregate during gamete formation.

I. The Chromosomal Basis of Inheritance–An Overview

A. Genes and Their Chromosome Locations

1. Genes are units of information about heritable traits, with particular locations on particular chromosomes.

2. In humans, one homolog of each chromosome is inherited from each parent.

3. Pairs of chromosomes that are similar in structure and function are called homologous chromosomes.

4. Alleles are slightly different forms of the same gene.

5. Gene exchange between homologs is called crossing over resulting in genetic recombination.

B. Autosomes and Sex Chromosomes

1. Gender is determined by sex chromosomes.

a. Human females have two X chromosomes.

b. Human males have one X and one Y chromosome.

2. All nonsex-determining genes are the same in males and females and are called autosomes.

C. Karyotype Analysis

1. Chromosomes are visualized in a lab preparation called a karyotype.

2. Chromosomes are identified and arranged by their characteristic size, shape, centromere location and staining patterns.

II. Focus on Science: Karyotyping Made Easy

III. Sex Determination in Humans

A. Karyotype analysis reveals:

1. All normal human eggs carry only one X chromosome.

2. Half of the sperm carry an X, the other half carry a Y.

B. Gender of human offspring are determined thus:

1. If an X-bearing sperm fertilizes an X-bearing egg, a female results.

2. If a Y-bearing sperm fertilizes an X-bearing egg, a male results.

C. The Y chromosome carries a male-determining gene that is Y-linked.

D. There are also genes on the sex chromosomes that code for nonsexual traits.

IV. Early Questions About Gene Locations

A. Linked Genes: Clues to Inheritance Patterns

1. Morgan’s work with fruit flies led to the discovery of X-linked genes.

2. The older term "sex-linked genes" has been replaced with more precise terms: X-linked genes and Y-linked genes.

3. Several linked genes on each type of chromosome is called a linkage group.

B. Crossing Over and Genetic Recombination

1. Linkage can be disrupted by crossing over.

a. Crossing over is an exchange of parts of homologous chromosomes.

b. The probability that crossing over will lead to the separation of two genes on a chromosome is proportional to the distance between them; that is, the farther apart two genes are, the greater their frequency of crossing over.

2. Crossing over introduces variations in genotypes and phenotypes and provides for the selection process necessary to evolution.

V. Human Genetic Analysis

A. Constructing Pedigrees

1. Human genetics is difficult to study.

a. We live under variable conditions in diverse environments.

b. Humans mate by chance and may, or may not, choose to reproduce.

c Humans live as long as those who study them.

d. The small family size characteristic of human beings is not sufficient for meaningful statistical analysis.

2. The analysis of family pedigrees provides data on inheritance patterns through several generations.

B. Regarding Human Genetic Disorders

1. Genetic abnormality is a term applied to a genetic condition that is a deviation from the usual, or average, and is not life-threatening.

2. Genetic disorder is more appropriately used to describe conditions that cause medical problems.

3. A syndrome is a recognized set of symptoms that characterize a given disorder.

VI. Inheritance Patterns

A. Autosomal Recessive Inheritance

1. Either parent can carry the recessive allele on an autosome.

2. Heterozygotes are symptom-free; homozygotes are affected.

3. Two heterozygous parents have a 50% chance of producing heterozygous children and a 25% chance of a homozygous recessive child. When both parents are homozygous, all children can be affected.

4. Galactosemia (the inability to metabolize lactose) is an example of autosomal recessive inheritance in which a single gene mutation prevents manufacture of an enzyme needed in the conversion pathway.

B. Autosomal Dominant Inheritance

1. A dominant allele is always expressed and if it reduces the chance of surviving or reproducing, its frequency should decrease; mutations and postreproductive onset work against this hypothesis.

2. Achondroplasia (dwarfism) is a benign abnormality, but Huntington disorder is serious degeneration of the nervous system with an onset from age 40 onward.

C. X-Linked Recessive Inheritance

1. X-linked recessive inheritance has these characteristics:

a. The mutated gene occurs only on the X chromosome.

b. Heterozygous females are phenotypically normal; males are affected because they have only one allele for the trait (on the X chromosome) and it can be recessive.

c. A normal male mated with a female heterozygote has a 50% chance of producing carrier daughters and a 50% chance of producing affected sons. In the case of a homozygous female and a normal male, all daughters will be carriers and all sons affected.

2. Color blindness is an example of an X-linked recessive trait that is not very serious at all.

3. A serious X-linked recessive condition is hemophilia A, the inability of the blood to clot because the genes do not code for the necessary clotting agent(s); fragile X syndrome is a recessive disorder that causes mental retardation in males.

VII. Focus on Health: Too Young To Be Old

VIII. Changes in Chromosome Structure

A. Major Categories of Structural Change

1. Duplication occurs when a gene sequence is in excess of the normal amount.

2. An inversion alters the position and sequence of the genes so that gene order is reversed.

3. A translocation occurs when a part of one chromosome is transferred to a nonhomologous chromosome; an example is a form of cancer where a segment of chromosome #22 is on #9 (Philadelphia chromosome).

4. A deletion is the loss of a chromosome region by viral attack, chemicals, irradiation, or other environmental factors; for example, the loss of a portion of chromosome #5 causes a disorder called cri-du-chat.

B. Does Chromosome Structure Ever Evolve?

1. Changes in chromosome structure tend to be selected against rather than conserved over evolutionary time.

2. However, gene regions for the polypeptide chains of hemoglobin have duplicated to produce different hemoglobins with different oxygen transporting efficiencies.

IX. Changes in Chromosome Number

A. Categories and Mechanisms of Change

1. Aneuploidy, one extra or one less chromosome, may affect one of every two newly fertilized eggs.

2. Polyploidy, three or more of each chromosome, is common in plants but is lethal to the zygote if it occurs in humans.

3. Nondisjunction at anaphase I or anaphase II frequently results in a change in chromosome number.

a. If a gamete with an extra chromosome (n + 1) joins a normal gamete at fertilization, the diploid cell will be 2n + 1; this condition is called trisomy.

b. If an abnormal gamete is missing a chromosome, the zygote will be 2n — 1: monosomy.

B. Changes in the Number of Autosomes

1. Down syndrome results from trisomy 21; 1 in 1,100 live newborns in North America are affected.

2. Most children with Down syndrome show mental retardation, and 40% have heart defects.

3. Down syndrome occurs more frequently in children born to older women.

C. Changes in the Number of Sex Chromosomes

1. Turner syndrome

a. Turner syndrome (designated XO) involves females whose cells have only one X chromosome, mostly due to nondisjunction in the father.

b. A vast majority of XO embryos and fetuses are spontaneously aborted.

c. Affected individuals are sterile and have other phenotypic problems such as premature aging and shorter life expectancy.

2. Klinefelter syndrome

a. Nondisjunction (mostly in the mother) results in an extra X chromosome in the cells (XXY) of these affected males.

b. These individuals are taller than average, usually are sterile, and may show some mental slowness.

3. XYY condition

a. The extra Y chromosome in these males does not affect fertility, but they are taller than average and are slightly mentally retarded.

b. Erroneous correlations have linked these persons with predisposition to crime.

X. Focus on Bioethics: Prospects in Human Genetics

CHAPTER 12: DNA Structure and Function


Cardboard Atoms and Bent-Wire Bonds

A. In 1868, Miescher first isolated deoxyribonucleic acid, or DNA, from cell nuclei.

B. In 1951, Linus Pauling deduced the structure of proteins, which were complicated enough, so some people thought, to code hereditary instructions.

C. In 1953, Watson and Crick put together a model of DNA, which turned out to be the real stuff of heredity.

I. Discovery of DNA Function

A. Early and Puzzling Clues

1. In 1928, Fred Griffith was working with S (virulent) and R (nonvirulent) strains of a pneumonia-causing bacterium. His experiments are summarized here:

a. Inject mice with R cells; mice lived.

b. Inject mice with S cells; mice died; blood samples contained many S cells.

c. S cells were killed, then injected into mice; mice lived.

d. Live R cells plus heat-killed S cells were injected into mice; mice died; live S cells were found in the blood.

e. Some substance from the S cells had transformed the harmless R cells into cells capable of causing death.

2. Oswald Avery showed (in 1944) that the "Griffith substance" was nucleic acid, not protein as some people had proposed.

B. Confirmation of DNA Function

1. Viruses called bacteriophages use bacterial cells for reproduction.

2. Because they consist of only a protein coat and a nucleic acid core, these viruses were used in experiments by Hershey and Chase to prove which of these (DNA) was the heredity material.

II. DNA Structure

A. What Are the Components of DNA?

1. DNA is composed of four kinds of nucleotides, each of which consists of:

a. a five-carbon sugar (deoxyribose),

b. a phosphate group, and

c. one of four bases–adenine (A), guanine (G), thymine (T), cytosine (C).

2. The nucleotides are similar, but T and C are single-ring pyrimidines; A and G are double-ring purines.

3. Edwin Chargaff in 1949 showed that the amount of A = T and G = C.

4. Rosalind Franklin used X-ray diffraction techniques to produce images of DNA molecules.

a. DNA exists as a long, thin molecule of uniform diameter.

b. Nucleotides are joined along the molecule’s length; sugar-phosphate linkages form a sort of "backbone."

B. Patterns of Base Pairing

1. DNA consists of two strands of nucleotides twisted into a double helix.

2. Base pairs are formed by the hydrogen bonding of A with T, and G with C; this is constant for all species.

3. The sequence of bases in a nucleotide strand is different from species to species.

III. Focus on Bioethics: Rosalind’s Story

IV. DNA Replication and Repair

A. How Is a DNA Molecule Duplicated?

1. First, the two strands of DNA unwind and expose their bases.

2. Then unattached nucleotides pair with exposed bases.

3. Thus, replication results in DNA molecules that consist of one "old" strand and one "new" strand (semiconservative).

a. Unwinding requires many kinds of enzymes.

b. DNA polymerases assemble the nucleotides into nucleic acids.

B. Monitoring and Fixing the DNA

1. DNA polymerases, DNA ligases, and other enzymes engage in DNA repair when they "read" the complementary sequence on the other strand and restore it.

2. These same enzymes are responsible for the breaking and reattaching of DNA strands that occurs in crossing over.

V. Focus on Science: Dolly, Daises, and DNA

X. Focus on Bioethics: Prospects in Human Genetics

CHAPTER 13: From DNA to Proteins


Beyond Byssus

A. Byssus, a fantastic underwater adhesive, is a protein, synthesized in accordance with the message encoded in the base sequences of DNA.

B. DNA is like a book of instructions written in the alphabet of A, T, G, and C, but merely knowing the letters does not tell us how the genes work.

C. It takes two processes–transcription and translation–plus a critical role played by RNA to synthesize proteins.

1. In transcription, molecules of RNA are produced on the DNA templates in the nucleus.

2. In translation, RNA are molecules shipped from the nucleus to the cytoplasm to be used in polypeptide assembly.

I. How Is DNA Transcribed Into RNA?

A. The Three Classes of RNA 

1. Messenger RNA (mRNA) carries the "blueprint" to the ribosome.

2. Ribosomal RNA (rRNA) combines with proteins to form ribosomes upon which polypeptides are assembled.

3. Transfer RNA (tRNA) brings the correct amino acid to the ribosome and pairs up with an mRNA code for that amino acid.

B. The Nature of Transcription

1. RNA differs from DNA in some ways:

a. RNA uses ribose sugar, not deoxyribose.

b. RNA bases are A, G, C, and uracil (U).

2. Transcription differs from DNA replication in three ways:

a. Only one region of one DNA strand is used as a template.

b. RNA polymerase is used instead of DNA polymerase.

c. The result of transcription is a single-stranded RNA.

3. Transcription begins when RNA polymerase binds to a promoter region (a base sequence at the start of a gene) and then moves along to the end of a gene; an RNA transcript is the result.

C. Finishing Touches on mRNA Transcripts

1. Newly formed mRNA is modified by the addition of a cap to the 5’ end (a "start" signal for protein synthesis) and a poly-A tail to the 3’ end.

2. Additionally, the mRNA transcript must be edited.

a. The introns (noncoding portions) are removed before the transcript leaves the nucleus.

b. Only the exons (portions that will eventually be translated) remain in the finished transcript that leaves the nucleus.

II. Deciphering the mRNA Transcripts

A. What Is the Genetic Code?

1. Both DNA and its mRNA transcript are linear sequences of nucleotides carrying the hereditary code.

2. Every three bases (a triplet) specifies an amino acid to be included into a growing polypeptide chain; this is called the genetic code.

a. The genetic code consists of sixty-one triplets that specify amino acids and three that serve to stop protein synthesis.

b. Each base triplet in RNA is called a codon.

c. With few exceptions, the genetic code is universal for all forms of life.

B. Structure and Function of tRNA and rRNA

1. Translation occurs on the surface of ribosomes (rRNA + proteins) composed of two subunits that unite during translation.

2. Each kind of tRNA has an anticodon that is complementary to an mRNA codon and also carries one specific amino acid.

3. After the mRNA arrives in the cytoplasm, an anticodon on a tRNA bonds to the codon on the mRNA, and thus a correct amino acid is brought into place.

III. How Is mRNA Translated?

A. Stages of Translation

1. In initiation, a complex forms in this sequence: initiator tRNA + small ribosomal subunit + mRNA + large ribosomal subunit.

2. In elongation, a start codon on mRNA defines the reading frame; a series of tRNAs deliver amino acids in sequence by codon-anticodon matching; a peptide bond joins each amino acid to the next in sequence.

3. With termination, a stop codon is reached and the polypeptide chain is released into the cytoplasm or enters the cytomembrane system for further processing.

B. What Happens to the New Polypeptides?

1. In cells that are rapidly making proteins, polysomes consisting of many ribosomes are translating the same mRNA transcript to make polypeptides in a hurry.

2. Newly synthesized polypeptides either join the cytoplasm’s pool of proteins or enter the cytomembrane system in preparation for export.

IV. Do Mutations Affect Protein Synthesis?

A. A gene mutation is a change in one to several bases that may be added, deleted, or replaced in the nucleotide sequence of DNA. 

B. Common Gene Mutations and Their Sources

1. An example of a spontaneous mutation is sickle-cell anemia, which is the result of a single "base pair substitution" which places valine as the sixth amino acid in the hemoglobin chain instead of glutamate.

2. In a "frameshift mutation," there may be an insertion or deletion of several base pairs causing a misreading of the mRNA during translation.

3. A rather dramatic mutation is that of transposable elements, which are regions of DNA that "jump" to new locations in DNA.

C. Causes of Gene Mutations

1. Many gene mutations are spontaneous.

2. Others are caused by mutagens such as UV light, ionizing radiation, and alkylating agents.

D. The Proof Is in the Protein

1. Spontaneous mutations are rare and will not endure unless they occur in gametes.

2. A protein that is specified by a heritable mutation may have harmful, neutral, or beneficial effects on an individual's ability to function in the prevailing environment.

V. Focus on Science: Dolly, Daises, and DNA

X. Focus on Bioethics: Prospects in Human Genetics

CHAPTER 14: 
Controls Over Genes


When DNA Can’t Be fixed

A. Changes in DNA are triggers for skin cancer, like the most deadly type–malignant melanoma.

B. Cancers are malignant forms of tumors.

1. Tumors are tissue masses that arise through mutations in the genes that govern growth and division.

2. Malignant tumors grow rapidly, causing destructive effects on surrounding cells.

3. Malignant cells can break lose and migrate to other parts of the body (metastasis).

I. Overview of Gene Controls

A. Because all cells in your body have the same genetic instructions, only a relatively small number of genes are active at any given time in any given tissue.

1. Which genes are expressed depends on the type of cell, its responses to chemical signals, and built-in control systems.

2. Regulatory proteins interact with DNA, RNA, or actual gene products.

B. Two kinds of control systems are used by cells:

1. In negative control systems, a regulatory protein binds to the DNA to block transcription; it can be removed by an inducer.

2. In positive control systems, a regulatory proteins binds to the DNA and promotes initiation of transcription.

II. Controls in Bacterial Cells

A. Negative Control of Transcription

1. E. coli bacteria (common in the human digestive tract) can metabolize lactose because of a series of genes that code for lactose-digesting enzymes.

a. The three genes are preceded by a promoter and an operator–all together called an operon.

b. A regulator gene nearby codes for a repressor protein that binds to the operator when lactose concentrations are low and effectively blocks RNA polymerase’s access to the promoter.

2. When milk is consumed, the lactose binds to the repressor changing its shape and effectively removing its blockage of the promoter; thus RNA polymerase can now initiate transcription of the genes.

B. Positive Control of Transcription

1. The lactose operon also is subject to positive control by an activator protein called CAP.

a. RNA polymerase will bind to the promoter if CAP is already there.

b. And in turn, CAP must first be activated by cAMP.

2. When glucose is scarce, the CAP-cAMP complex forms and turns on the lactose-metabolism genes.

III. Controls in Eukaryotic Cells

A. Much less is known about gene controls in multicelled eukaryotes because patterns of gene expression vary within and between body tissues.

B. Cell Differentiation and Selective Gene Expression

1. All body cells have the same genes, but the cells of different tissues are differentiated (specialized) because of selective gene expression.

2. For example: hemoglobin genes are activated only in red blood cells.

C. X Chromosome Inactivation

1. In mammalian females, the gene products of only one X chromosome are needed; the other is condensed and inactive–called a Barr body.

2. Because in some cells the paternal X chromosome is inactivated, while in other cells the maternal X chromosome is inactivated, each adult female is a mosaic of X-linked traits, called Lyonization.

3. This mosaic effect is seen in human females affected by anhidrotic ectodermal dysplasia in which a mutant gene on one X chromosome results in patches of skin with no sweat glands.

D. Examples of Signaling Mechanisms

1. Hormones are major signaling molecules that can stimulate or inhibit gene activity in target cells.

a. Some hormones bind to membrane receptors on cell surfaces.

b. Others enter cells to bind with regulatory proteins to initiate transcription, often with the aid of enhancer sequences.

2. In vertebrates, some hormones such as somatotropin have widespread effects because most of the body’s cells have receptors for it; whereas, prolactin affects only the mammary glands because only they have the receptors.

3. Plant seedlings will respond to a single burst of light by making chlorophyll.

a. Phytochrome is a blue-green pigment that helps plants adapt to the changing light conditions of day/night and seasons.

b. Phtochrome influences the transcription of genes responsible for germination, stem elongation, branching, leaf expansion, and formation of flowers, fruits, and seeds depending on the season.

IV. Many Levels of Controls

A. Controls related to transcription include: gene amplification (more replicates of DNA); DNA rearrangements (cutting and splicing of DNA segments); and chemical modifications (histone interactions).

B. Post-transcriptional controls include: transcript processing (introns and exons); transport controls (dictate which mature transcripts will be shipped to the cytoplasm for translation); and post-translational controls (govern the modifications to polypeptides).

V. Focus on Science: Lost Controls and Cancer

CHAPTER 15: Recombinant DNA and Genetic Engineering


Mom, Dad, and Clogged Arteries

A. Cholesterol does good things for the body, such as forming membranes and vitamin D, but it can also combine with lipoproteins to form atherosclerotic plaques in the walls of arteries.

1. Some persons have genes that cause familial cholesterolemia.

2. Gene therapy promises a way to genetically alter the cells of the liver to keep the levels of cholesterol in the more normal range.

B. For more than 3 billion years, mutation, crossing over, random gene mixing at fertilization, and hybridizations between species have contributed to the diversity of life on Earth.

C. Today, we can "engineer" genetic changes through recombinant DNA technology.

1. DNA from different species can be cut, spliced together, and inserted into bacteria, which then multiply the DNA necessary for protein production.

2. Genetic engineering has great promise for agriculture, medicine, and industry, but it has also raised ecological, social, and ethical questions.

I. A Toolkit For Making Recombinant DNA

A. Restriction Enzymes

1. Bacteria possess restriction enzymes whose usual function is to cut apart foreign DNA molecules.

2. Each enzyme cuts only at sites that possess a specific base sequence.

B. Modification Enzymes

1. Many times the "sticky ends" that result from the cut can be used to pair up with another DNA fragment cut by the same enzyme.

2. DNA fragments produced by restriction enzymes are treated with DNA ligase to splice the DNA fragments together to form a recombinant DNA molecule.

C. Cloning Vectors for Amplifying DNA

1. Plasmids are circular DNA molecules in bacteria that carry only a few genes and can replicate independently of the single "main" chromosome.

2. When the plasmid is replicated, any foreign DNA that might have become incorporated into it is also replicated, producing a DNA clone.

3. Modified plasmids that are capable of accepting, replicating, and delivering DNA to another host cell are called cloning vectors.

D. Reverse Transcriptase to Make cDNA

1. Even after a desired gene has been isolated and amplified, it may not be translated into functional protein by the bacteria because introns (noncoding regions) are still present.

2. Researchers minimize this problem by using cDNA, which is made from "mature" mRNA transcripts.

a. The cDNA is made from mRNA by reverse transcriptase.

b. The cDNA can be inserted into a plasmid for amplification.

II. PCR–A Faster Way to Amplify DNA

A. The polymerase chain reaction (PCR) can be used to make millions of copies of cDNA.

B. What Are Primers?

1. Primers are short nucleotide sequences that are made in the laboratory.

2. They are recognized by DNA polymerases as the START tags for building complementary sequences of DNA dictated by computer programs stored in the machines.

C. What Are the Reaction Steps?

1. Researchers mix primers, DNA polymerase, cellular DNA from an organism, and free nucleotides.

2. Precise temperature cycles cause the DNA strands to separate, exposing the bases.

3. Primers become positioned on the exposed nucleotides to form new copies of the original DNA.

4. Each round of reactions doubles the number of DNA molecules to eventually produce billions of molecules from very tiny amounts of original DNA.

III. Focus on Science: DNA Fingerprints

IV. How Is DNA Sequenced?

A. Current laboratories use automated DNA sequencing to determine the unknown sequence of bases in a DNA sample.

1. The machine builds DNA molecules but uses eight kinds of bases: four normal and four that are modified to fluoresce in laser light.

2. When a modified base is incorporated, DNA synthesis is halted producing tagged fragments of different lengths.

B. The automated DNA sequencer separates the sets of fragments by gel electrophoresis.

1. The "tag" base at the end of each fragment in the set is identified by the laser beam.

2. The computer program in the machine assembles the information from all the nucleotides in the sample to reveal the entire DNA sequence.

V. From Haystacks to Needles–Isolating Genes of Interest

A. How can you isolate a particular gene for study?

1. Create a gene library, which is a collection of bacteria that house different cloned DNA fragments, one of which is of interest.

2. The library may of the entire genome or of cDNA, which is free of introns.

B. What Are Probes?

1. DNA probes, short DNA sequences assembled from radioactive nucleotides, can pair with parts of the gene to be studied.

2. This nucleic acid hybridization technique can be used with other procedures to select cells and their DNA, which may be of interest to the researcher.

C. Screening For Genes

1. First, grow the bacterial colonies on suitable medium in a petri plate.

2. Place a nylon filter over the colonies and lift some cells off.

3. Place the filter in a solution to disrupt the cells but leave DNA sticking to the filter.

4. Add a radioactively-labeled probe DNA to the filter where it will bind to the DNA fragments of complementary sequence.

5. Expose the filter to x-ray film to locate the gene of interest, which will be in the same location as the cells in the petri plate

VI. Using the Genetic Sripts

A. Microorganisms can produce useful substances such as human insulin and blood-clotting factors.

B. Genetically engineered bacteria can clean up messes such as oil spills.

C. Knowing about genes may help us devise counterattacks against rapidly mutating pathogens.

VII. Designer Plants

A. Regenerating Plants From Cultured Cells

1. Botanists are searching the world for seeds from the wild ancestors of potatoes, corn, etc.

2. The worry is that there is too little diversity in the few strains now used for food crops.

3. Many plant species can be regenerated from cultured cells.

4. Useful mutations, such as resistance to a toxin, can be identified.

B. How Are Genes Transferred Into Plants?

1. An early experiment showed that a plasmid from a bacterium that normally causes tumors in plants could be modified by replacing the tumor gene with desirable genes.

2. Such modified bacteria have been injected into plant cells where they expressed their "foreign" genes.

a. Genetically modified crop plants could increase food production or grow with greater resistance to pest attack.

b. Genetically engineered plants may also produce human hemoglobin, melanin even plastics!

VIII. Gene Transfers in Animals

A. Supermice and Biotech Barnyards

1. In 1982, the rat gene for somatotropin production was introduced into mouse eggs; the mice which subsequently expressed the rat gene grew larger than their littermates.

2. Farm animals may be used to produce TPA for diminishing the severity of heart attacks or CFTR used in the treatment of cystic fibrosis.

3. Cloning of animals could lead to disease-resistant types.

B. Mapping and Using the Human Genome

1. The Human Genome Initiative is dependent on this technology.

2. The information gained will give insights into genetic disorders and ultimately, provide for gene therapy.

IX. Focus on Bioethics: Who Gets Enhanced?

X. Safety Issues

A. Genetically engineered bacteria have "fail-safe" genes included in the DNA which are supposed to be lethal if the bacteria escapes into a non-lab environment.

B. The general public is concerned about organisms being released that are not "natural" and may endanger human lives.

V. Focus on Science: Lost Controls and Cancer

CHAPTER 16: Microevolution


Designer Dogs

A. Human beings began domesticating wild dogs about 10,000 years ago.

B. The various breeds of modern dogs point to the successes (and failures?) of artificial selection.

I. Early Beliefs, Confounding Discoveries

A. The Great Chain of Being

1. The early naturalists, such as Aristotle, believed that nature was a continuum or organization from lifeless matter through complex forms of plant and animal life.

2. By the fourteenth century this had been formalized into the idea of the great Chain of Being in which living organisms were unchanging links.

B. Questions from Biogeography

1. Exotic species from distant lands did not seem to "fit" into the Chain.

2. Scholars began to examine the world distribution of plants and animals, a study called biogeography, and learned of the tremendous variation on the earth.

C. Questions from Comparative Anatomy

1. Studies of comparative morphology revealed similarities in the bones of animals not considered to be related.

2. Some animals possessed body parts for which a function no longer existed (for example: pelvic girdle bones in snakes), but these anomalies revealed a relationship to other animals.

D. Questions About Fossils

1. By the mid-1700s, geologists were beginning to map the layering of the earth’s crust.

2. Fossils revealed that changes had occurred in organisms over periods of time–evolution 

3. It became clear that the distribution of fossils around the earth was an argument against a single time and place of creation.

II. A Flurry of New Theories

A. Squeezing New Evidence Into Old Beliefs

1. Georges Cuvier proposed a theory of catastrophism.

a. The original creation was destroyed by a great catastrophe; to be repopulated by a few survivors.

b. Fossils could date from the original creation or from any of the subsequent catastrophes.

2. Jean-Baptiste Lamarck proposed a theory of inheritance of acquired characteristics.

a. Environmental pressures and internal "desires" bring about changes in the individual’s body; offspring can inherit these changes.

b. This provided a force for perfection up the Chain of Being.

B. Voyage of the Beagle

1. Charles Darwin, at age 22 and just out of college, spent five years as a naturalist on a ship named the Beagle during its voyage around the world 

2. He studied and collected a variety of plants and animals.

3. He read and pondered Lyell’s ideas on the theory of uniformity–slow geologic processes.

III. Darwin’s Theory Takes Form

A. Old Bones and Armadillos

1. Darwin noted examples of organisms whose existence challenged the concept of creation.

2. In Argentina, the fossils of extinct glyptodonts were similar to the living armadillos he observed.

B. A Key Insight–Variation in Traits

1. Influenced by Malthus’ book on overpopulation and the struggle for survival, Darwin suspected that any population has the capacity to produce more individuals than the environment can support.

2. He reasoned that the variations in traits might affect an individual’s ability to secure resources–and to survive and reproduce.

a. On the Galápagos Islands, the finches varied slightly from each other but all resembled the mainland finches to some extent.

b. Darwin reasoned that those animals now present could have descended from those living in the past, but with changes!

3. Darwin gradually developed a theory of natural selection to explain how such changes could come about.

a. He and Alfred Wallace published their ideas jointly in 1858.

b. Darwin published his theory in book form in 1859, hoping that "transitional" animals would be found to strengthen his ideas.

c. The crucial test of "missing links" was partially answered with the discovery of Archaeopteryx in 1861. 

d. Almost seventy years later the study of genetics, however, led to substantiation of Darwin’s ideas.

IV. Individuals Don’t Evolve–Populations Do

A. Examples of Variation in Populations

1. A population is a group of individuals belonging to the same species, occupying the same given area, and showing certain morphological, physiological, and behavioral traits in common. 

2. A population exhibits immense variation in its individual members, all of which by definition are of the same species but vary in the details of their shared characteristics.

B. The "Gene Pool"

1. All of the genes in the entire population is the gene pool.

a. Each kind of gene exists in two or more slightly different forms called alleles.

b. Individuals inherit different combinations of alleles which leads to variations in phenotype.

2. Sources of variation (caused by genes, manifested in phenotype) include:

a. Gene mutations create new alleles.

b. Crossing over at meiosis I leads to new combinations of alleles.

c. Independent assortment in meiosis I mixes paternal and maternal chromosomes in the gametes.

d. Fertilization mixes alleles from two parents.

e. Changes in chromosome structure or number can lead to the loss, duplication, or alteration of alleles.

3. Only mutation creates new gene forms; all others listed above shuffle existing genes.

C. Stability and Change in Allele Frequencies

1. Allele frequencies change when a population is evolving.

2. The Hardy-Weinberg formula is used to establish allele frequencies at genetic equilibrium (no evolution), which is possible under these conditions:

a. No mutations are occurring.

b. The population is very, very large.

c. The population is isolated from other populations of the same species.

d. All members survive and reproduce (no selection).

e. Mating is completely random.

3. Because these five conditions are not fulfilled in natural populations, any deviation from the reference point established by the "rule" will indicate evolution.

4. Microevolution is the change in allele frequencies brought about by mutation, genetic drift, gene flow, and natural selection.

D. Mutations Revisited

1. Mutations are heritable changes in DNA that give rise to altered gene products.

2. Mutations have several characteristics:

a. They are rare, chance events.

b. Each gene has a characteristic mutation rate, based on probability of occurrence between or during DNA replications.

3. Mutations can be of three types:

a. Neutral mutations neither help nor harm the individual; example: free or attached earlobes.

b. Beneficial mutations enhance the prospects of surviving and reproducing; example: a faster growing plant may have a better shot at sunlight and nutrients.

c. Lethal mutations always lead to death.

4. Mutations are the ultimate source of variation upon which natural selection depends.

V. Focus On Science: When Is a Population Not Evolving?

VI. Natural Selection Revisited

A. Natural selection is a major microevolutionary process that results in the differential survival and reproduction of individuals of a population that differ in one or more traits.

B. The main points of the theory are:

1. All populations have the reproductive capacity to increase in size, thus threatening their own survival, forcing a competition for limited resources.

2. Individuals of a population share in the same gene pool, but differ in phenotypic details.

3. Some alleles promote survival and reproduction and therefore increase in frequency over generations resulting in individuals that differ in one or more heritable traits–evolution.

VII. Directional Change in the Range of Variation

A. What Is Directional Selection?

1. Directional selection shifts allele frequencies in a consistent direction in response to environmental pressures.

2. Forms of traits at one end of the range of variation become more common than midrange forms.

B. The Case of the Peppered Moths

1. At first, the light-gray form of the peppered moth enjoyed a survivorship advantage on the light-gray tree trunks.

2. When industrial pollution darkened the tree trunks, the numbers of dark-gray moths increased because they were more camouflaged and thus escaped notice by bird predators.

3. In recent years pollution controls have led to decreased amounts of soot on the trees and the light colored moths are increasing in numbers.

C. Pesticide Resistance

1. When insecticides are first applied, susceptible insects (most of the population) die.

2. Those few individuals that have the adaptation that affords survival will live and pass the heritable character on.

3. Eventually most of the population will become resistant.

D. Antibiotic Resistance

1. An antibiotic is a metabolic by-product of certain microorganisms that kills or inhibits the growth of other microorganisms; examples include penicillin and streptomycin.

2. Overuse of antibiotics has selected for resistant strains, which now threaten to become more predominant than the susceptible ones.

VIII. Selection Against or in Favor of Extreme Phenotypes

A. Stabilizing Selection

1. Stabilizing selection favors the most common forms of a trait in a population.

2. It counters the effects of mutation, genetic drift, and gene flow.

3. Example: humans who weigh about seven pounds at birth have the greatest survival chances.

B. Disruptive Selection

1. Disruptive selection favors forms at both ends of the range of variation and selects against the intermediate forms.

2. Certain finches in Africa have either large or small bills, no sizes in between.

IX. Special Types of Selection

A. Sexual Selection

1. Sexual dimorphism is the term used to describe distinctly male and female phenotypes.

2. Sexual selection is based on any trait that gives the individual a competitive edge in mating and producing offspring.

3. Many times the males compete for the privilege of mating with certain females but at other times the females are the agents of selection when they pick their mates.

B. Maintaining Two or More Alleles

1. Balanced polymorphism is the maintenance of two or more forms of a trait in fairly steady proportions over time.

2. This occurs when nonidentical alleles are maintained at frequencies greater than one percent..

C. Sickle-Cell Anemia–Lesser of Two Evils?

1. In parts of Africa, heterozygotes, HbS/HbA, comprise about one third of the population in parts of Africa.

2. It is now known that heterozygous individuals are more resistant to the protozoan that causes malaria; thus they survive in greater numbers than the homozygotes.

X. Gene Flow

A. Genes move with the individuals when they move out of, or into, a population.

B. The physical flow (and resultant shuffling) tends to minimize genetic variation between populations.

C. It decreases the effects of mutation, genetic drift, and natural selection.

XI. Genetic Drift

A. Chance Events and Population Size

1. Genetic drift is the random fluctuation in allele frequencies over time, due to chance occurrences alone; it is more significant in small populations.

2. Sampling error explains why the chance of any given allele becoming more or less prevalent is more pronounced in a small population.

3. Fixation means that one kind of allele remains at a specified locus in a population.

B. Bottlenecks and The Founder Effect

1. In bottlenecks, some stressful situation greatly reduces the size of a population leaving a few (typical or atypical?) individuals to reestablish the population.

2. In the founder effect, a few individuals (carrying genes that may/may not be typical of the whole population) leave the original population to establish a new one.

C. Genetic Drift and Inbred Populations

1. Inbreeding refers to the nonrandom mating among closely related individuals, which have many alleles in common.

a. Inbreeding is a form of genetic drift; it leads to more homozygosity.

b. A good human example is the increased prevalence of extra digits in the hand and feet of members of the Old Order Amish in Pennsylvania.

2. Bottlenecks and inbreeding are especially deleterious to endangered species, which are small and vulnerable to extinction.

CHAPTER 17: Microevolution


Designer Dogs

A. Human beings began domesticating wild dogs about 10,000 years ago.

B. The various breeds of modern dogs point to the successes (and failures?) of artificial selection.

I. Early Beliefs, Confounding Discoveries

A. The Great Chain of Being

1. The early naturalists, such as Aristotle, believed that nature was a continuum or organization from lifeless matter through complex forms of plant and animal life.

2. By the fourteenth century this had been formalized into the idea of the great Chain of Being in which living organisms were unchanging links.

B. Questions from Biogeography

1. Exotic species from distant lands did not seem to "fit" into the Chain.

2. Scholars began to examine the world distribution of plants and animals, a study called biogeography, and learned of the tremendous variation on the earth.

C. Questions from Comparative Anatomy

1. Studies of comparative morphology revealed similarities in the bones of animals not considered to be related.

2. Some animals possessed body parts for which a function no longer existed (for example: pelvic girdle bones in snakes), but these anomalies revealed a relationship to other animals.

D. Questions About Fossils

1. By the mid-1700s, geologists were beginning to map the layering of the earth’s crust.

2. Fossils revealed that changes had occurred in organisms over periods of time–evolution 

3. It became clear that the distribution of fossils around the earth was an argument against a single time and place of creation.

II. A Flurry of New Theories

A. Squeezing New Evidence Into Old Beliefs

1. Georges Cuvier proposed a theory of catastrophism.

a. The original creation was destroyed by a great catastrophe; to be repopulated by a few survivors.

b. Fossils could date from the original creation or from any of the subsequent catastrophes.

2. Jean-Baptiste Lamarck proposed a theory of inheritance of acquired characteristics.

a. Environmental pressures and internal "desires" bring about changes in the individual’s body; offspring can inherit these changes.

b. This provided a force for perfection up the Chain of Being.

B. Voyage of the Beagle

1. Charles Darwin, at age 22 and just out of college, spent five years as a naturalist on a ship named the Beagle during its voyage around the world 

2. He studied and collected a variety of plants and animals.

3. He read and pondered Lyell’s ideas on the theory of uniformity–slow geologic processes.

III. Darwin’s Theory Takes Form

A. Old Bones and Armadillos

1. Darwin noted examples of organisms whose existence challenged the concept of creation.

2. In Argentina, the fossils of extinct glyptodonts were similar to the living armadillos he observed.

B. A Key Insight–Variation in Traits

1. Influenced by Malthus’ book on overpopulation and the struggle for survival, Darwin suspected that any population has the capacity to produce more individuals than the environment can support.

2. He reasoned that the variations in traits might affect an individual’s ability to secure resources–and to survive and reproduce.

a. On the Galápagos Islands, the finches varied slightly from each other but all resembled the mainland finches to some extent.

b. Darwin reasoned that those animals now present could have descended from those living in the past, but with changes!

3. Darwin gradually developed a theory of natural selection to explain how such changes could come about.

a. He and Alfred Wallace published their ideas jointly in 1858.

b. Darwin published his theory in book form in 1859, hoping that "transitional" animals would be found to strengthen his ideas.

c. The crucial test of "missing links" was partially answered with the discovery of Archaeopteryx in 1861. 

d. Almost seventy years later the study of genetics, however, led to substantiation of Darwin’s ideas.

IV. Individuals Don’t Evolve–Populations Do

A. Examples of Variation in Populations

1. A population is a group of individuals belonging to the same species, occupying the same given area, and showing certain morphological, physiological, and behavioral traits in common. 

2. A population exhibits immense variation in its individual members, all of which by definition are of the same species but vary in the details of their shared characteristics.

B. The "Gene Pool"

1. All of the genes in the entire population is the gene pool.

a. Each kind of gene exists in two or more slightly different forms called alleles.

b. Individuals inherit different combinations of alleles which leads to variations in phenotype.

2. Sources of variation (caused by genes, manifested in phenotype) include:

a. Gene mutations create new alleles.

b. Crossing over at meiosis I leads to new combinations of alleles.

c. Independent assortment in meiosis I mixes paternal and maternal chromosomes in the gametes.

d. Fertilization mixes alleles from two parents.

e. Changes in chromosome structure or number can lead to the loss, duplication, or alteration of alleles.

3. Only mutation creates new gene forms; all others listed above shuffle existing genes.

C. Stability and Change in Allele Frequencies

1. Allele frequencies change when a population is evolving.

2. The Hardy-Weinberg formula is used to establish allele frequencies at genetic equilibrium (no evolution), which is possible under these conditions:

a. No mutations are occurring.

b. The population is very, very large.

c. The population is isolated from other populations of the same species.

d. All members survive and reproduce (no selection).

e. Mating is completely random.

3. Because these five conditions are not fulfilled in natural populations, any deviation from the reference point established by the "rule" will indicate evolution.

4. Microevolution is the change in allele frequencies brought about by mutation, genetic drift, gene flow, and natural selection.

D. Mutations Revisited

1. Mutations are heritable changes in DNA that give rise to altered gene products.

2. Mutations have several characteristics:

a. They are rare, chance events.

b. Each gene has a characteristic mutation rate, based on probability of occurrence between or during DNA replications.

3. Mutations can be of three types:

a. Neutral mutations neither help nor harm the individual; example: free or attached earlobes.

b. Beneficial mutations enhance the prospects of surviving and reproducing; example: a faster growing plant may have a better shot at sunlight and nutrients.

c. Lethal mutations always lead to death.

4. Mutations are the ultimate source of variation upon which natural selection depends.

V. Focus On Science: When Is a Population Not Evolving?

VI. Natural Selection Revisited

A. Natural selection is a major microevolutionary process that results in the differential survival and reproduction of individuals of a population that differ in one or more traits.

B. The main points of the theory are:

1. All populations have the reproductive capacity to increase in size, thus threatening their own survival, forcing a competition for limited resources.

2. Individuals of a population share in the same gene pool, but differ in phenotypic details.

3. Some alleles promote survival and reproduction and therefore increase in frequency over generations resulting in individuals that differ in one or more heritable traits–evolution.

VII. Directional Change in the Range of Variation

A. What Is Directional Selection?

1. Directional selection shifts allele frequencies in a consistent direction in response to environmental pressures.

2. Forms of traits at one end of the range of variation become more common than midrange forms.

B. The Case of the Peppered Moths

1. At first, the light-gray form of the peppered moth enjoyed a survivorship advantage on the light-gray tree trunks.

2. When industrial pollution darkened the tree trunks, the numbers of dark-gray moths increased because they were more camouflaged and thus escaped notice by bird predators.

3. In recent years pollution controls have led to decreased amounts of soot on the trees and the light colored moths are increasing in numbers.

C. Pesticide Resistance

1. When insecticides are first applied, susceptible insects (most of the population) die.

2. Those few individuals that have the adaptation that affords survival will live and pass the heritable character on.

3. Eventually most of the population will become resistant.

D. Antibiotic Resistance

1. An antibiotic is a metabolic by-product of certain microorganisms that kills or inhibits the growth of other microorganisms; examples include penicillin and streptomycin.

2. Overuse of antibiotics has selected for resistant strains, which now threaten to become more predominant than the susceptible ones.

VIII. Selection Against or in Favor of Extreme Phenotypes

A. Stabilizing Selection

1. Stabilizing selection favors the most common forms of a trait in a population.

2. It counters the effects of mutation, genetic drift, and gene flow.

3. Example: humans who weigh about seven pounds at birth have the greatest survival chances.

B. Disruptive Selection

1. Disruptive selection favors forms at both ends of the range of variation and selects against the intermediate forms.

2. Certain finches in Africa have either large or small bills, no sizes in between.

IX. Special Types of Selection

A. Sexual Selection

1. Sexual dimorphism is the term used to describe distinctly male and female phenotypes.

2. Sexual selection is based on any trait that gives the individual a competitive edge in mating and producing offspring.

3. Many times the males compete for the privilege of mating with certain females but at other times the females are the agents of selection when they pick their mates.

B. Maintaining Two or More Alleles

1. Balanced polymorphism is the maintenance of two or more forms of a trait in fairly steady proportions over time.

2. This occurs when nonidentical alleles are maintained at frequencies greater than one percent..

C. Sickle-Cell Anemia–Lesser of Two Evils?

1. In parts of Africa, heterozygotes, HbS/HbA, comprise about one third of the population in parts of Africa.

2. It is now known that heterozygous individuals are more resistant to the protozoan that causes malaria; thus they survive in greater numbers than the homozygotes.

X. Gene Flow

A. Genes move with the individuals when they move out of, or into, a population.

B. The physical flow (and resultant shuffling) tends to minimize genetic variation between populations.

C. It decreases the effects of mutation, genetic drift, and natural selection.

XI. Genetic Drift

A. Chance Events and Population Size

1. Genetic drift is the random fluctuation in allele frequencies over time, due to chance occurrences alone; it is more significant in small populations.

2. Sampling error explains why the chance of any given allele becoming more or less prevalent is more pronounced in a small population.

3. Fixation means that one kind of allele remains at a specified locus in a population.

B. Bottlenecks and The Founder Effect

1. In bottlenecks, some stressful situation greatly reduces the size of a population leaving a few (typical or atypical?) individuals to reestablish the population.

2. In the founder effect, a few individuals (carrying genes that may/may not be typical of the whole population) leave the original population to establish a new one.

C. Genetic Drift and Inbred Populations

1. Inbreeding refers to the nonrandom mating among closely related individuals, which have many alleles in common.

a. Inbreeding is a form of genetic drift; it leads to more homozygosity.

b. A good human example is the increased prevalence of extra digits in the hand and feet of members of the Old Order Amish in Pennsylvania.

2. Bottlenecks and inbreeding are especially deleterious to endangered species, which are small and vulnerable to extinction.

CHAPTER 18: The Macroevolutionary Puzzle


Of Floods and Fossils

A. Traditional explanations of rock formations and fossils relied on effects of the Great Deluge.

B. Modern geologists view the same evidence as showing changes in geology and living organisms through time.

C. Macroevolution refers to the large-scale patterns, trends, and rates of change among higher-taxa groupings of species.

1. Evolution proceeds by modifications of organisms that already exist.

2. "New" species emerge as mutation, natural selection, and genetic drift change allele frequencies in reproductively isolated populations.

I. Fossils–Evidence of Ancient Life

A. Fossilization

1. Fossils are recognizable, physical evidence of organisms that lived long ago–skeletons, shells, leaves, seeds, imprints of leaves and tracks (trace fossils),and even fossilized feces (coprolites)

a. For fossilization, body parts or impressions must be buried in rock before decomposition.

b. Over time, chemical changes and pressure transform living structures into stony hardness.

2. Preservation is favored when organisms are buried rapidly in the absence of oxygen and the burial site is left undisturbed.

B. Interpreting the Geologic Tombs

1. Stratification, the layering of sedimentary deposits bearing fossils, is quite similar from continent to continent.

2. Deepest rock strata are assumed to be the oldest, surface layers the youngest.

3. Abrupt changes in the fossils in the layers were the basis for dividing earth history into great eras, which formed a geologic time scale (Proterozoic , Paleozoic, Mesozoic, and Cenozoic) to which actual dates were added later.

C. Interpreting the Fossil Record

1. The fossil record is far from complete, but some lineages are extensive.

2. Fossil records vary according to type of organism (hard parts preserve well, soft parts do not), stability of the geographical region (sea floor vs. eroding hill), and quality of the specimen.

II. Evidence From Comparative Morphology

A. Morphological Divergence and Homologous Structures

1. In morphological divergence, features have departed in appearance and/or function from the ancestral form.

2. These are body features that resemble one another in form or patterning due to descent through common ancestors.

3. A good example of homology is the similarity of the structure of the bones in forelimbs of birds and bats.

B. Potential Confusion from Analogous Structures

1. Analogous body parts are used to accomplish similar functions in dissimilar and distantly related species.

2. Morphological convergence is the adoption of similar function over periods of time but with no purposeful direction. 

3. A good example of analogy is the similarity of function but not structure of the forelimbs of sharks, penguins, and porpoises.

III. Evidence From Patterns of Development

A. Developmental Program of Larkspurs

1. The common larkspur has a ringlike array of petals to guide honeybees to the nectar, plus bulging reproductive structures for the bee to hold on to.

2. A more recently evolved larkspur has tight flowers that discourage bees but are attractive to hummingbirds.

B. Developmental Program of Vertebrates

1. Different organisms may show similarities in morphology during their embryonic stages that often indicate evolutionary relationships.

a. Embryological similarities are one of the reasons why fishes, amphibians, reptiles, birds, and mammals are said to belong to the same phylum.

b. Some of the variation seen in adult vertebrates is due to mutations in genes that control the rates of growth of different body parts.

2. One illustration of changes occurring in the timing of development is the similarity in size of the skull bones of humans and chimps at birth, which becomes dramatically different as these two animals age.

IV. Evidence from Comparative Biochemistry

A. Protein Comparisons

1. Because genes dictate the sequence of amino acids in proteins, analysis of proteins can determine the similarity of genes between species.

2. For example: The amino acid sequence of cytochrome c shows strong evidence for placing humans, chimps, and rhesus monkeys in the same group.

B. Nucleic Acid Comparisons

1. The degree of similarity of nucleotide sequences of DNA reveals information about evolutionary relationships.

2. If a single strand of DNA from one species is allowed to recombine with a single strand of DNA from another species (nucleic acid hybridization), the degree to which they match up is a measure of similarity.

C. Molecular Clocks

1. Neutral mutations have no more measurable effect on survival and reproduction rates than do other alleles for the trait.

2. These mutations accumulate in the DNA and can be used as a "molecular clock" for (back)dating times of divergence of species.

V. Identifying Species, Past and Present

A. Assigning Names to Species

1. Taxonomy is the field of biology that deals with identifying, naming, and classifying species.

2. The binomial system was originated by Carl von Linné, better known as Linnaeus.

a. The first part of the scientific name was the genus (always capitalized and italicized) and signified very closely related organisms.

b. The second part was the specific name (never capitalized but always italicized) and signified an even closer, interbreeding relationship.

2. The language used for scientific names is Latin for universal recognizability.

B. Classification Schemes

1. The main taxa of the hierarchy from most to least inclusive are: kingdom >>> phylum >>> class >>> order >>> family >>> genus >>> species.

2. In time, the traditional classification schemes became modified to reflect phylogeny–the evolutionary relationships among species.

3. The widely adopted five-kingdom system was originated by Robert Whittaker:

a. Monera

1) Single-celled prokaryotes (bacteria).

2) Display great biochemical diversity but little internal complexity.

3) Includes producers and decomposers.

b. Protista

1) Mostly single-celled eukaryotes.

2) Photoautotrophs (algae) and heterotrophs (protozoa).

3) More internal complexity than bacteria.

c. Fungi

1) Multicelled eukaryotes that feed by extracellular digestion and absorption.

2) Heterotrophs; includes major decomposers; many are pathogens and parasites.

d. Plantae

1) Multicelled photosynthetic autotrophs.

2) Producers; form embryos.

e. Animalia

1) Diverse multicelled heterotrophs.

2) Range from sponges to vertebrates.

4. The latest scheme uses six-kingdoms in which the Monera are divided into the Eubacteria and the Archaebacteria. 

VI. Evidence of a Changing Earth

A. According to the theory of uniformity, the geological processes on the surface of the Earth have worked repeatedly in much the manner through time.

B. An Outrageous Hypothesis

1. Pangea was a single world continent that extended from pole to pole surrounded by a single huge ocean.

2. According to plate tectonic theory, enormous slablike plates of the earth’s crust move apart and crunch together at their margins causing earthquakes, volcanic eruptions, and lava flows.

C. Drifting Continents and Changing Seas

1. Gondwana was an early continent that drifted southward from the tropics, across the south polar region and northward.

2. When the land masses separated, speciation proceeded; when the land masses collided, diversity declined.

VII. Focus on Science: Dating Pieces of the Macroevolutionary Puzzle





CHAPTER 19: The Origin and Evolution of Life


In the Beginning . . .

A. The universe is expanding but long, long ago it was greatly compressed, then –the "big bang!"

B. About 4.6 billion years ago a cloud of gas and dust began to cool to form our solar system.

I. Conditions on the Early Earth

A. Origin of the Earth

1. About 4.6 billion years ago remnants of exploding stars began to condense into planets around the sun.

2. The earth was initially very hot, but cooled to form an outer mantle and partially-molten core.

3. Within 200 million years life had originated on its surface, but how?

a. What were the prevailing conditions on the earth at this time?

b. Could large organic molecules have formed spontaneously and then evolved into the molecular systems of life?

c. Can we devise experiments to test whether living systems could have emerged by chemical evolution?

B. The First Atmosphere

1. The first atmosphere probably consisted of gaseous hydrogen, nitrogen, carbon monoxide and carbon dioxide.

2. Gaseous oxygen and water were not thought to be present.

3. When the crust cooled the water condensed, rains began, and pools of chemicals began to form.

C. Synthesis of Organic Compounds

1. Evidence of neighboring bodies in our solar system indicates that precursors for building biological molecules were present on the primitive earth.

2. Energy in the form of sunlight, lightning, and heat from the earth’s crust was also present.

a. Stanley Miller used a lab apparatus to demonstrate synthesis of amino acids from hydrogen, methane, ammonia, and water under abiotic conditions.

b. Even if molecules were formed spontaneously, they would have quickly hydrolyzed unless clay templates served to hold the molecules together for condensation reactions.

II. Emergence of the First Living Cells

A. Origin of Agents of Metabolism

1. During the early history of the earth, enzymes, ATP, and other molecules could have assembled spontaneously.

2. The participation of these and other entities in metabolic pathways could have been facilitated by clay templates that brought them together in the same place and time.

3. An intriguing example of such is the possibility that the porphyrin ring (a component of both chlorophyll and cytochromes) was the electron transporter of the first metabolic pathways.

B. Origin of Self-Replicating Systems

1. From accumulated organic compounds emerged replicating systems consisting of DNA, RNA, and proteins.

2. Ribonucleotides may have then stuck to the clay and eventually replaced clay as a template.

3. An RNA world may have preceded DNA’s dominance as the main informational molecule.

4. How DNA entered the picture is not yet clear, but we do know that some reactions were more probable than others–not random.

C. Origin of the First Plasma Membranes

1. The metabolism in living cells cannot occur without a barrier against the chemical actions on the outside.

2. Proto-cells were probably membrane-bound sacs containing nucleic acids that served as templates for proteins.

3. Sidney Fox heated amino acids to form protein chains, which when allowed to cool self-assembled into small spheres that were selectively permeable.

III. Origin of Prokaryotic and Eukaryotic Cells

A. The Archean eon (3.9 to 2.5 billion years ago) was the time of macromolecule synthesis plus the origin of anaerobic prokaryotes.

1. The original prokaryote line split into archaebacteria, eubacteria, and a line leading to eukaryotes.

2. Evolution of the cyclic pathway of photosynthesis in eubacteria tapped a renewable source of energy–sunlight; large accumulations of these cells are seen today as fossils known as stromatolites.

B. In the Proterozoic eon (2.5 billion to 550 million years ago), the noncyclic pathway evolved in first in eubacteria and then later in eukaryotic cells (algae, fungi); oxygen accumulated, and aerobic respiration evolved.

IV. Focus on Science: Where Did Organelles Come From?

V. Life in the Paleozoic Era 

A. During the Cambrian period, nearly all of the major phyla evolved; most organisms lived on or near the sea floor (trilobites were a dominant group).

B. In the Ordovician period, the Gondwana continent drifted southward, shallow marine environments were formed, reef organisms flourished, and glaciers formed to trigger the first mass global extinction.

C. In the Silurian and Devonian periods, Gondwana drifted northward, reef organisms recovered, predatory fishes flourished, and amphibians and stalked plants were moving onto land.

D. In the Carboniferous period, major radiations of plants and animals occurred as land masses were alternately flooded and drained; coal deposits formed.

E. In the Permian period, insects, amphibians and reptiles flourished; formation of Pangea supercontinent caused greatest of all mass extinctions.

VI. Life In the Mesozoic Era 

A. Speciation on a Grand Scale

1. Early in the Cretaceous, the supercontinent Pangea broke up, favoring divergences and speciation on a grand scale.

2. Flowering plants became dominant; marine invertebrates, fishes, and insects underwent spectacular radiations.

B. Rise of the Ruling Reptiles

1. Early in the Triassic, the first dinosaurs evolved from a reptilian lineage

2. Later in the era, superplumes caused global temperatures to increase, which led to a proliferation of photosynthetic organisms.

3. At the close of the era, the dinosaurs disappeared perhaps due to the consequences of an asteroid impact in Mexico.

VII. Focus on Science: Horrendous End to Dominance

VIII. Life in the Cenozoic Era

A. The breakup of Pangea resulted in major changes in land mass configurations, climates, and adaptive zones.

1. During the Paleocene epoch, warmer and wetter climates favored tropical forests which reached to the polar regions.

2. Later epochs saw a gradual cooling trend resulting in vegetation that favored the rise of grazers and browsers.

B. The activities of human civilization begun about 50,000 years ago may have accelerated the pace of extinction.

IX. Summary of Earth and Life History

[This section consists of a figure depicting the changes that occurred in each of the major eras of Earth’s history.]

CHAPTER 20: Bacteria, Viruses, and Protistans


The Unseen Multitudes

A. Bacteria and viruses are incredibly small.

B. Even though their reproduction rate is astounding, there are limits to their populations.

C. Many are pathogenic and so give the good guys, like the photosynthesizers, a bad name.

I. Characteristics of Bacteria

A. Bacterial Classification

1. Bacteria are not well represented in the fossil record.

2. Traditionally, bacteria have been characterized by staining reactions, cell shape, metabolic patterns, and mode of nutrition.

3. True classification based on evolutionary relationships is becoming possible due to comparative biochemistry studies.

B. Splendid Metabolic Diversity

1. Photoautotrophic bacteria synthesize their own organic compounds using sunlight as the energy source and carbon dioxide as the carbon source; some get electrons from water via the noncyclic pathway, others use the cyclic pathway to get electrons from inorganic compounds.

2. Chemoautotrophic bacteria utilize carbon dioxide and produce organic compounds using the energy in simple inorganic substances.

3. Photoheterotrophic bacteria use sunlight as an energy source but their carbon must come from organic compounds–not CO2.

4. Chemoheterotrophic bacteria include parasitic types that draw nutrition from living hosts, and saprobic types that obtain nutrition from products, wastes, or remains of other organisms.

C. Bacterial Sizes and Shapes

1. Typically, the length or width of bacteria falls between 1 and 10 micrometers.

2. Three basic shapes are common:

a. coccus–spherical (streptococci when in chains, staphylococci in sheets),

b. bacillus (rod)–cylindrical,

c. spiral–helical.

D. Structural Features

1. They are prokaryotes–no nucleus or other membrane-bound organelles.

a. Metabolic reactions take place in the cytoplasm or at the plasma membrane.

b. Proteins are assembled on floating ribosomes.

2. Nearly all bacteria have a cell wall, usually containing a tough mesh of peptidoglycan, peptides cross-linked with polysaccharides.

a. Cell walls of Gram-positive bacteria retain a deep purple stain.

b. Gram-negative bacteria lose the purple color when washed with alcohol and stain pink with a counterstain.

3. Exterior to the cell wall is the glycocalyx, a jellylike capsule that helps bacterial cells attach to a substrate or deter the host’s infection-fighting cells.

4. Two kinds of filamentous structures may be attached to the cell wall:

a. The bacterial flagellum rotates like a propeller to pull the cell along.

b. Pili help bacteria attach to one another in conjugation, or help them attach to surfaces.

II. Bacterial Diversity

A. Archaebacteria

1. This group probably represents the first living cells.

2. The methanogens are "methane-makers."

a. They live in swamps, mud, sewage, and animal guts.

b. They make ATP anaerobically by converting carbon dioxide and hydrogen to methane.

3. The halophiles are "salt-lovers."

a. These species can tolerate high salt environments such as brackish ponds, salt lakes, volcanic vents on the seafloor, and the like.

b. Most are heterotrophic aerobes, but some can switch to a special photosynthesis, using bacteriorhodopsin, to produce ATP.

4. The extreme thermophiles are "heat-lovers."

a. These bacteria live in hot springs and other very hot places such as the thermal vents of the sea floor where temperatures exceed 110o C.

b. They use hydrogen sulfide as a source of electrons for ATP formation.

B. Eubacteria

1. Photoautotrophs

a. Cyanobacteria are photosynthetic.

b. Anabaena, by means of heterocysts, can fix nitrogen.

c. Green and purple bacteria use hydrogen sulfide and hydrogen gas as a source of electrons for photosynthesis.

2. Chemoautotrophs

a. Among the most important are the nitrifying bacteria that participate in nitrogen cycling.

b. Their enzymes strip electrons from ammonia for use in generating ATP.

3. Chemoheterotrophs

a. Pseudomonads are major decomposers in the soil.

b. Actinomycetes produce antibiotics; Lactobacillus is used in dairy product conversions;.E. coli makes vitamin K in the human gut; Rhizobium fixes nitrogen on the roots of legumes.

c. Some strains of E. coli can cause serious diarrhea.

d. Some form resistant endospores that can survive harsh environmental conditions; example: Clostridium botulinum (botulism).

e. Borrelia burgdorferi is transmitted by ticks to humans where it causes Lyme disease.

C. Regarding the "Simple" Bacteria

1. Bacteria can sense and respond to light, nutrients, oxygen, toxins, and the like.

2. Some imitate multicellular organisms by forming predatory colonies that entrap other microbes and digest them; some even form fruiting bodies that release spores.

III. Bacterial Reproduction

A. The Nature of Bacterial Growth

1. Bacterial growth is measured as an increase in numbers rather than size.

2. The conditions necessary for reproduction of bacteria are highly variable.

B. Prokaryotic Fission

1. Bacteria reproduce by prokaryotic fission, resulting in two genetically identical daughter cells.

a. The mechanism is simpler than mitosis because of the single chromosome–a circular DNA molecule.

b. The plasma membrane plays a critical role in separating the DNA replicates.

2. Plasmids are passed from one generation of bacteria to the next.

a. A plasmid is a small circle of DNA carrying only a few genes; it is replicated independently of the "main" chromosome.

b. Some plasmids carry genes for antibiotic resistance; others confer the ability to transfer plasmid DNA during bacterial conjugation.

IV. Characteristics of Viruses

A. A virus is a noncellular infectious agent with two characteristics:

1. It consists of a nucleic acid core (either DNA or RNA) surrounded by a protein coat.

2. It can replicate only after its nucleic acid has entered and subverted the host cell’s biosynthetic apparatus to produce new viral particles.

3. The vertebrate immune system can detect and fight viruses, but the problem for the defense mechanisms is the constantly mutating viral proteins.

B. Bacteriophages infect bacterial cells, usually with negative effects on the cell, but they have been valuable in genetic engineering research.

V. Viral Multiplication Cycles

A. The steps of viral replication are as follows:

1. Virus recognizes and becomes attached to host cell.

2. DNA, or RNA, alone (or whole virus) enters cytoplasm.

3. Viral genes direct host cell into replicating viral nucleic acids, synthesizing viral enzymes and capsid proteins.

4. Synthesized components are assembled into new virus particles.

5. Newly formed virus particles are released from the infected cell.

B. Replication can proceed by way of two pathways:

1. In the lytic pathway, the virus quickly accomplishes the five steps listed above and causes the cell to rupture (lysis), spilling its contents and the viruses.

2. In lysogenic pathways, the viral genes remain inactive inside the host cell (and its descendants); often the genes become integrated into the host DNA only to resume their destructive viral activity later.

C. In the multiplication cycle of RNA viruses, the RNA serves as the template for synthesizing DNA using reverse transcriptase.

VI. Focus on Health: Infectious Particles Tinier Than Viruses

VII. Kingdom at the Crossroads

A. Protistans are a collection of the simplest eukaryotic organisms.

1. Both single-celled and multicelled forms are included.

2. One way to define the kingdom is to point out that it is not prokaryotic; that is, its members have a nucleus, mitochondria, ER, mitotic apparatus, and more than one chromosome.

B. Some protistans resemble members of other kingdoms (fungi for example) but are not of sufficient complexity to be released from their assigned kingdom–Protista.

VIII. Parasitic or Predatory Molds

A. Chytrids are saprobic decomposers or parasites of living organisms in muddy or aquatic habitats.

1. Single-celled species produce motile spores that germinate on host cells.

2. More complex species develop mycelia, masses of absorptive filaments.

B. Water molds attack aquatic animals (such as goldfish) or land plants (such as potatoes).

1. They produce extensive mycelia, some of which become modified to form gamete-producing structures.

2. The diploid zygote develops into a resting spore that will germinate into a mycelium-producing motile, asexual spores.

C. Slime molds are heterotrophic, free-living, amoebalike protistans.

1. The cells are phagocytic and can aggregate to form a slimy mass that can migrate to find new food sources.

2. Slime molds also disperse by spores released from stalklike structures.

3. There are two groups of slime molds:

a. One includes the cellular slime molds.

b. The other includes the plasmodial slime molds, which move as large masses of aggregated cells.

IX. The Animal-Like Protistans

A. Protozoans ("first animals") may resemble the single-celled, heterotrophic protistans that gave rise to animals.

1. All are predators or parasites.

2. Asexual reproduction by fission or budding dominates protozoan life cycles, but some can reproduce sexually.

3. Many parasitic types form resistant cysts.

4. A few protozoans are famous for the diseases they cause in humans.

B. Amoeboid Protozoans 

1. Characteristic of this group are the pseudopodia–extensions of the cell body.

2. The amoebas include Amoeba proteus, seen by students in biology laboratories, and Entamoeba, the cause of a severe form of dysentery.

3. Foraminiferans are shelled forms with thousands of holes through which the threadlike pseudopods extend; they are marine.

4. The radiolarians are spherical in shape but have delicate shells of silica.

5 The heliozoans ("sun animals") have needlelike pseudopods that radiate from the spherical body like sun rays.

C. Ciliated Protozoans

1. Features include numerous cilia that beat in synchrony, a cell "mouth" for food entrance to waiting digestive vacuoles, and contractile vacuoles to get rid of excess water.

2. Ciliates, such as the famous Paramecium, have a primitive form of sexual reproduction in which genetic material is exchanged during conjugation.

D. Animal-Like Flagellates 

1. These cells are equipped with one to several whiplike flagella.

2. Trichomonas vaginalis is spread by sexual contact and can cause damage to urinary and reproductive tracts.

3. The cyst-forming Giardia lamblia usually causes mild diarrhea but in some persons, death.

4. Members of the genus Trypanosoma cause African sleeping sickness and Chagas disease.

X. The Notorious Sporozoans

A. Sporozoan is an informal designation for parasitic protistans that must live part of the time inside specific cells of host species.

1. All produce a sporozoite stage that is very often transmitted by insects.

2. Many become encysted during some phase of the life cycle.

B. Malaria, caused by Plasmodium and transmitted by mosquitoes, is a serious worldwide disease.

XI. Focus on Science: The Nature of Infectious Diseases

XII. A Sampling of the (Mostly) Single-Celled Algae

A. Euglenoids 

1. Most are photosynthetic autotrophs, some are heterotrophic.

2. Euglena, a typical euglenoid, is covered by a flexible pellicle, possesses a flagellum and an eyespot to detect the sunlight necessary for its activities.

B. Chrysophytes

1. Although they possess chlorophylls a and b, other pigments (fucoxanthin) mask it and give shades of yellow color to the algae.

2. The siliceous shells of diatoms are commercially valuable as abrasives and filtering materials.

C. Dinoflagellates

1. These marine photosynthetic cells display flagella located in grooves of the cellulose covering.

2. Some forms of red-pigmented cells cause the infamous red tides and also produce a neurotoxin fatal to humans.

XIII. Red Algae

A. These algae possess phycobilin pigments, which can trap sunlight in deep marine waters.

B. The modes of reproduction are diverse, with complex asexual and sexual phases, but the multicelled stages do not have tissues or organs.

C. Some forms can aid in reef building (stonelike cell walls), others yield agar, and carrageenan is used as a stabilizer in ice cream.

XIV. Brown Algae

A. This group includes the large kelps of the intertidal zones.

1. Xanthophylls, chlorophylls, and other pigments provide the color.

2. They are very plantlike in structure with leaflike blades growing from a stemlike stipe, which may be attached to a rootlike holdfast; some giant kelps have gas-filled bladders, or floats.

B. A substance produced in the cell walls–algin–is used as a thickening or suspension agent in foods.

XV. Green Algae

A. They grow virtually everywhere and bear the greatest resemblance to land plants of any of the algae (possible evolutionary linkage?).

1. They have the same pigments as land plants (chlorophylls a and b).

2. They possess cellulose in the cell walls and store carbohydrates as starch.

B. Some are symbionts with fungi, protozoans, and a few marine animals; others are colonial (Volvox), many live singly (Chlamydomonas).

CHAPTER 21: Fungi


Ode to the Fungus Among Us

A. Symbiosis refers to species that live in close association.

1. If both partners benefit, the relationship is called mutualism.

2. Lichens and mycorrhiza are examples of mutualists.

B. A lichen consists of a fungus and a photosynthetic organism (algae).

1. Lichens can absorb mineral ions, extract nitrogen from the air, and colonize new habitats.

2. They also are good indicators of deteriorating environmental conditions.

C. Mycorrhiza form when fungi enter into mutualistic interactions with tree roots, which benefit greatly from the fungus’s ability to absorb needed nutrients.

D. Collectors have seem a decline in populations of wild mushrooms since the early 1900s, most probably due to the increased levels of pollutants in the air.

I. Characteristics of Fungi

A. Mode of Nutrition

1. Fungi are heterotrophs that utilize organic matter.

a. Saprobes get their nutrients from nonliving matter.

b. Parasites thrive on tissues in living hosts.

2. All fungi rely on extracellular enzymatic digestion and absorption.

3. Fungi are valuable decomposers in the environment.

B. Major Groups 

1. Over 56,000 species of fungi have been identified and there are many more.

2. About 430 million years ago fungi started invading the land.

3. There are three major groups (zygomycetes, sac fungi, and club fungi)and one "catch-all" category ("imperfect" fungi).

C. Key Features of Fungal Life Cycles

1. Fungi reproduce both asexually and sexually, producing large numbers of nonmotile spores.

2. The food-absorbing part of the fungus is a mesh of branching filaments called the mycelium.

a. Each tubular filament is a hypha with chitinous walls.

b. Interconnections and perforations allow cytoplasmic flow necessary for transport to nonabsorptive parts of the body.

II. Consider the Club Fungi

A. A Sampling of Spectacular Diversity

1. Club fungi include commonly seen puffballs and shelf fungi, rusts and smuts, as well as edible mushrooms.

2. Many are symbionts with roots of forest trees; some saprobic types decompose plant debris, others destroy field crops.

B. Examples of a Fungal Life Cycle

1. The common mushroom is the aboveground portion of the fungus that produces (basidio)spores on the gills of the cap at the top of a stalk.

2. When spores land on a suitable site, they germinate to produce extensive underground mycelia that then reproduce sexually, resulting in a dikaryotic stage.

III. Spores and More Spores

A. Fungi produce lots of spores–asexual or sexual, or both.

1. Dispersed by air currents, the small, dry spores land and germinate to form mycelia.

2. Stalked structures on the mycelia release spores to propagate the line.

B. Members of the zygomycetes are saprobes of decaying plant matter in the soil; others such as black bread mold live on stored food.

1. Sexual reproduction begins when two hyphae (different mating strains) grow toward each other and fuse.

2. The zygote becomes enclosed in a zygosporangium, which later releases haploid spores that will germinate to produce stalked structures.

3. From these structures haploid spores will escape to produce new mycelia, releasing spores 

C. Sac fungi produce ascocarps (sacs) bearing ascospores.

1. Multicelled forms include edible morels and truffles, plus Penicillium, famous as a source of antibiotics and Aspergillus, the fermenter of soy sauce.

2. Single-celled yeasts are useful in baking (carbon dioxide production makes the bread "rise") and for alcoholic-beverage production.

IV. Focus on Science: A Look at the Unloved Few

V. Symbionts Revisited

A. Lichens

1. Lichens are mutualistic associations between fungi and cyanobacteria, green algae, or both.

a. The fungus parasitizes the photosynthetic alga upon which it depends entirely for its food.

b. The algae derive very little benefit other than a protected place to survive.

2. Lichens live in inhospitable places such as bare rock and tree trunks.

a. By their metabolic activities, lichens can change the composition of their substrate.

b. They are unusually sensitive to air pollution

B. Mycorrhizae

1. A mycorrhiza is a symbiotic relationship in which fungi hyphae surround roots of shrubs and trees.

a. The hyphae of exomycorrhizae do not penetrate the cells of the root.

b. The hyphae of endomycorrhizae do penetrate the cells of the root.

2. Because of its extensive surface area, the fungus can absorb mineral ions and facilitate their entry into the plant.

CHAPTER 22: Plants


Pioneers In a New World

A. Millions of years ago the only photosynthesizers were cells living in the seas.

B. The invasion of land began with the cyanobacteria, followed by green algae and fungi.

C. Today, there is a rich diversity of green plants, making carbon compounds out of water and carbon dioxide using sunlight as the energy source.

I. Evolutionary Trends Among Plants

A. Overview of the Plant Kingdom

1. In general, plants are multicelled photosynthetic autotrophs–green in color and self-sustaining.

2. Most, the gymnosperms and angiosperms, have vascular tissues for transport of water and nutrients; plus they possess root and shoot systems.

3. Nonvascular plants, such as the bryophytes, have simple internal transport systems (no true roots, stems, or leaves).

4. The ancestors of plants had evolved by 700 million years ago, but another 265 million years passed before simple stalked species appeared. Within another 60 million years, plants had radiated through much of the land.

B. Evolution of Roots, Stems, and Leaves

1. Underground parts developed into root systems, specialized for absorption of water and minerals through extensive cylindrical tubes.

2. Parts above ground developed into shoot systems, adapted for exploiting sunlight and absorbing carbon dioxide from the air.

3. Vascular tissue became increasingly extensive: xylem for conducting water and minerals, phloem for products of photosynthesis.

4. Extensive growth of stems and branches became possible due to the strengthening of cell walls afforded by deposits of lignin.

5. Stems and leaves were covered by cuticle to minimize water loss; evaporation was controlled by opening and closing of stomata (openings).

C. From Haploid to Diploid Dominance

1. The life cycle of simple aquatic plants is dominated by the haploid phase which produces gametes that are dependent on a watery environment to meet and fuse.

2. The life cycle of complex land plants is dominated by the large, diploid sporophyte.

a. Cells within the sporophyte undergo meiosis to give rise to the haploid spores.

b. The spore develops into the gametophyte, which produces the gametes.

D. Evolution of Pollen and Seeds

1. The spores of some algae and simple vascular plants are all alike–homosporous.

2. In the gymnosperm and angiosperm lineages, the spores are differentiated into two types–heterosporous.

a. The male gametophytes–pollen grains–are released from the parent plant to be carried by whatever means to the female gametophyte.

b. The female gametophytes remain in the plant and are surrounded by protective tissues, eventually producing a seed.

3. Over time the sporophytes, while developing extensive root and shoot systems, began holding onto their spores and gametophytes–protecting and nourishing them.

II. Bryophytes

A. Bryophytes include the mosses, liverworts, and hornworts.

1. Although they resemble more complex land plants, they do not contain xylem or phloem.

2. Most species do have rhizoids that attach the gametophytes to the soil and absorb water and minerals.

B. These nonvascular plants show three features that were adaptive during the transition to land:

1. Above-ground parts display a cuticle with numerous stomata.

2. A cellular protective jacket surrounds the sperm-producing and egg-producing parts of the plant to prevent drying out.

3. The (dependent) embryo sporophyte begins life inside the (independent) female gametophyte.

C. Mosses are the most common bryophytes.

1. Eggs and sperm develop in jacketed vessels (gametangia) at the shoot tips of the familiar moss plants.

2. After fertilization, the zygote develops into a mature sporophyte, which consists of a special structure (sporangium) in which the spores develop.

III. Focus on the Environment: Ancient Carbon Treasures

IV. Existing Seedless Vascular Plants

A. The descendants of certain lineages of seedless vascular plants, with names such as whisk ferns, lycophytes, horsetails, and ferns, differ from bryophytes in these aspects:

1. The sporophyte does not remain attached to the gametophyte.

2. It has well-developed vascular tissues.

3. It is the larger, longer lived phase of the life cycle.

B. Although the sporophytes of seedless vascular plants can live on land, their gametophytes cannot because they lack vascular tissues and the male gametes must have water to reach the eggs.

C. Whisk Ferns (Psilophyta)

1. Whisk ferns look like whisk brooms and are not true ferns.

2. They are popular ornamental plants common to tropical and subtropical areas.

3. The sporophytes have no roots or leaves, but rather consist of a system of scalelike branches.

4. The stem houses the xylem and phloem as well as surface cells capable of photosynthesis.

5. Underneath the ground surface short, branching rhizomes serve an absorptive function.

D. Lycophytes (Lycophyta)

1. Lycophytes were once tree-sized but now are represented by small club mosses on the forest floor.

2. The sporophyte has true roots, stems, and small leaves containing the vascular tissue.

3. Strobili bear spores that germinate to form small, free-living gametophytes.

E. Horsetails (Sphenophyta)

1. The ancient relatives of horsetails were treelike; only the moderately sized Equisetum has survived.

2. The sporophytes possess underground stems called rhizomes.

3. The scalelike leaves are arranged in whorls around the hollow, photosynthetic stem.

4. Spores are produced inside cone-shaped clusters of leaves at the shoot tip.

F. Ferns (Pterophyta)

1. Ferns bear underground stems (rhizomes) and aerial leaves (fronds).

2. Sori are clusters of sporangia that release spores that develop into small heart-shaped gametophytes.

V. The Rise of the Seed-Bearing Plants

A. Seed-bearing plants have three distinguishing characteristics:

1. They produce microspores which give rise to pollen grains which serve as carriers of the sperm to the eggs.

2. They also produce megaspores which develop within the ovules which will eventually produce seeds when the sperm fertilizes the egg.

3. Gymnosperms have water-conserving traits, including thick cuticles.

B. The pine tree produces two kinds of spores in two kinds of cones:

1. Male cones produce sporangia which yield microspores that develop into pollen grains (male gametophyte).

2. Female cones produce ovules that yield megaspores (female gametophyte).

3. Pollination is the arrival of a pollen grain on the female reproductive parts, after which a pollen tube grows toward the egg.

4. Fertilization, which is delayed for up to a year, results in a zygote that develops into an embryo within the conifer seed.

VI. Focus on the Environment: Good-bye, Forests

VII. Gymnosperm Diversity

A. Conifers are woody trees and shrubs that produce needlelike leaves and bear seeds exposed on cone scales.

B. Cycads are palmlike trees flourished during the Mesozoic era, but only about 100 species still exist–confined to the tropics and subtropics; they bear massive cone-shaped strobili that produce either pollen (transferred by air currents or insects) or ovules.

C. Ginkgos are represented today by only one hardy, species that has survived from the times of dinosaurs; the tree show remarkable resistance to insects, disease, and air pollutants.

D. Gnetophytes are the most unusual gymnosperms; they live in tropical and desert areas.

VIII. Angiosperms–Flowering, Seed-Bearing Plants

A. Angiosperms produce flowers and have special tissues that enclose and protect their ovules and seeds.

1. Most species have coevolved with pollinators attracted to the pollen and nectar.

2. This group has dominated the land for 100 million years, living a very diverse habitats.

B. There are two classes of flowering plants:

1. Dicotyledonae (dicots) include familiar shrubs, trees (except conifers), and herbaceous plants.

2. Monocotylendonae (monocots) include grasses, lilies, and the major food-crop grains.

IX. Key Aspects of the Life Cycles

[This section consists solely of a figure depicting the life cycle of the lily.]






CHAPTER 23: Animals: The Invertebrates


Madeleine’s Limbs

A. Humans have characteristics that can be traced by millions of years to the invertebrates.

B. Invertebrate animals are not primitive and evolutionarily stunted, but rather display adaptations to an amazing variety of environments.

I. Overview of the Animal Kingdom

A. General Characteristics of Animals

1. Most animals are multicellular, heterotrophic, aerobic, reproduce sexually, and are motile at some point in their life cycle.

2. Animal life cycles include a period of embryonic development; germ tissue layers–the ectoderm, endoderm, and in most species, mesoderm–give rise to adult organs.

B. Diversity in Body Plans

1. Animals with backbones are vertebrates; those without a backbone are invertebrates.

2. Body Symmetry and Cephalization

a. Animals show either radial (round) or bilateral (left and right sides) symmetry; bilateral animals also show anterior (head end), posterior (tail end), dorsal (back), and ventral (belly) orientations.

b. Cephalization means having a definite head end, usually with feeding and sensory features.

3. Type of Gut

a. Some are saclike with one opening–a mouth for food entry and waste exit.

b. "Complete" digestive tracts have two openings (mouth and anus) for continuous food processing, often through specialized regions.

4. Body Cavities

a. A coelom (lined with peritoneum) is a space between the gut and body wall that allows internal organs to expand and operate freely.

b. Some animals (flatworms) do not have a coelom but are packed solidly with tissue.

c. Others, such as roundworms, have a "false" coelom, not lined with peritoneum.

5. Segmentation

a. A segmented animal is composed of repeating body units–for example, the earthworm.

b. The segments may be grouped and modified for specialized tasks, as in insects.

II. Puzzles About Origins

A. Where did the first animals come from?

1. One hypothesis is that there was a compartmentalization of a ciliate like Paramecium.

2. Another proposes that multicelled animals arose from colonial organisms like Volvox.

B. Perhaps the earliest animals resembled the present-day placozoan called Trichoplax.

1. Two layers of cell make up its flattened body that displays no symmetry, no tissues, and no mouth.

2. Reproductive modes are as yet unknown.

III. Sponges–Success in Simplicity

A. Sponges have an asymmetric body with no true tissues, no organs.

1. Flattened cells cover the exterior.

2. Collar cells line the interior chambers.

a. These move large volumes of water through body pores by their beating flagella.

b. They also trap suspended food particles in their microvilli collars.

3. Between the two layers of cells there is a semifluid matrix with needlelike structures for support.

B. Sponges reproduce sexually (a free-living larva precedes the adult) and asexually by fragmentation or gemmules.

IV. Cnidarians–Tissues Emerge

A. Cnidarians are tentacled, radial animals.

1. This group includes jellyfishes, sea anemones, and hydrozoans (Hydra).

2. The phylum name comes from their ability to sting by discharging nematocysts.

B. Cnidarian Body Plans

1. The medusa resembles an umbrella and floats like a tentacle-fringed bell in the water.

2. The polyp is tubelike and is usually attached to some substrate; it may be solitary or part of a colony.

3. The digestive cavity is saclike (only a mouth) and can accommodate prey larger than the cnidarian itself.

4. True tissues include an outer epidermis and an inner gastrodermis (epithelial layers with a jellylike mesoglea between.

5. A nerve net that coordinates sensory and motor activities,

C. Stages in Cnidarian Life Cycles

1. Reproduction may be sexual, with a planula larva stage, or it may be asexual.

2. Gonads may be in the epidermis or gastrodermis.

V. Acoelomate Animals–and the Simplest Organ Systems

A. Organs and organ systems are present.

B. Flatworms

1. Common features include: saclike gut (but none in tapeworms), bilateral symmetry, cephalization, no coelom, and hermaphroditism (both sexes in one body).

2. Turbellarians (planarians) possess a pharynx tube extends to feed on whole small animals or suck tissues from dead or wounded prey; they have protonephridia, with flame cells, to regulate body fluid volume and composition; asexual reproduction is by fission of the body.

3. Flukes are internal parasites that require a primary host (such as a human) for sexual reproduction and an intermediate host (such as a snail) for development.

4. Tapeworms are intestinal parasites of vertebrates, where they absorb predigested nutrients (they have no digestive tract); the body consists of an anterior scolex solely for attachment to the host’s gut and a string of proglottids, each of which possesses both male and female organs.

VI. Roundworms

A. Roundworms are pseudocoelomate worms that thrive in nearly every habitat on earth.

B. Most are small and free living but some are parasitic on plants and animals–for example, hookworms in the human intestine.

C. They are bilateral, possess a slender tapered body with complete digestive tract in a pseudocoelom filled with fluid; a tough cuticle covers and protects the body.

VII. Focus on Health: A Rogue’s Gallery of Worms

VIII. Two Major Divergences

A. Coelomate animals belong to two main groups:

1. Protostomes: mollusks, annelids, and arthropods.

2. Deuterostomes: echinoderms and chordates.

B. In protostomes the early embryonic cell divisions are "angled" (spiral cleavage) and the blastopore becomes the mouth.

C. In deuterostomes, the zygote divides symmetrically (radial cleavage) and the blastopore becomes the anus.

IX. A Sampling of Mollusks

A. Molluscan Diversity

1. Features in common usually include a head, foot, shell, mantle, gills, and a radula.

2. Gastropods include snails and slugs.

a. Literal meaning of "belly foot" describes the position of the digestive tract within the large muscular foot.

b. Most of the other organs are located in the spiraled shell.

3. Bivalves include clams, scallops, and oysters.

a. The shell of two parts encloses the body.

b. The mother-of-pearl lining of the shell may generate pearls.

4. Cephalopods include squids, octopuses, and nautiluses.

a. This group includes the largest invertebrates known; the giant squid can attain a length of over sixty feet.

b. They are also the most intelligent of invertebrates.

B. Evolutionary Experiments With Body Plans

1. Embryonic torsion in gastropods places several organs toward the head end of the body.

2. In bivalves there is no head but a large foot specialized for burrowing comprises the bulk of the body; water and suspended food are drawn in through siphons by the action of the cilia on the gills.

3. The cephalopod body is modified for a highly active predatory life-style and includes tentacles, beaklike jaws, and jet propulsion by mantle contractions.

X. Annelids–Segments Galore

A. There are three groups of annelid worms:

1. Earthworms bear few setae; their habit of ingesting dirt particles while scavenging for organic matter makes them valuable tillers of the soil.

2. Leeches are aquatic or semiaquatic predators of invertebrates or parasites of vertebrates.

3. Polychaetes include wandering or tube-dwelling marine worms with tentacles and numerous setae.

B. Advantages of Segmentation

1. Different parts can evolve separately to become specialized for different tasks.

2. Leeches have suckers at both ends of the body.

3. Polychaetes have fleshy appendages called parapods.

C. Annelid Adaptations–A Case Study [Earthworm]

1. Their segmentation is extensive and obvious; internal partitions define individual coelomic chambers, which are filled with fluid to provide a hydrostatic skeleton.

2. Paired nephridia occur in nearly every segment.

3. The digestive system is complete; the circulation closed.

4. Two adjoining nerve cords extend from anterior to posterior.

XI. Arthropods–The Most Successful Organisms on Earth

A. Arthropod Diversity

1. Success is measured as having the most species, producing the greatest numbers of offspring, occupying the most habitats, possessing terrific defenses, and being able to exploit new resources.

2. The four main lineages are trilobites (now extinct), chelicerates, crustaceans, and uniramians.

B. Adaptations of Insects and Other Arthropods

1. Hardened Exoskeletons

a. It is a combination of protein and chitin (plus calcium in some) that is flexible, lightweight, yet protective.

b. It is a barrier to water loss and can support a body deprived of water’s buoyancy.

c. Exoskeletons restrict growth and so must be shed periodically (molting process).

2. Jointed Appendages

a. Body segments became reduced in number and more specialized.

b. Appendages also became specialized for feeding, sensing, and locomotion.

3. Fused and Modified Segments

a. Body segments became more specialized, fewer, and grouped or fused.

b. Different segments combined to form the head, thorax, and abdomen.

4. Respiratory Structures

a. Special tubes called tracheas supply oxygen directly to body tissues.

b. This allows high metabolic rates and sustained activity, as in flight.

5. Specialized Sensory Structures

a. The compound eye provides a wide angle of vision.

b. Many individual units allow motion perception.

6. Division of Labor 

a. Metamorphosis transforms insects from immature larval stages through a pupal stage to adult.

b. Larval stages concentrate on feeding and growth, whereas the adults specialize in dispersal and reproduction.

XII. A Look At Spiders and Their Kin

A. Chelicerates include the terrestrial spiders, scorpions, ticks, mites and the aquatic horseshoe crabs.

1. Spiders are eight-legged predators that trap insects in their webs.

2. Some mites are free living, others are serious pests of plants and animals; ticks are notorious blood-suckers and disease carriers.

B. Arachnid body features include chelicerae (piercing), pedipalps (grasping), open circulation, and book lungs (respiration).

XIII. A Look at the Crustaceans

A. Crustaceans include shrimps, lobsters, crayfishes, crabs, barnacles, and pillbugs.

1. The name is derived from the crusty exoskeleton.

2. Most are important components of food webs and several serve as human food also.

3. Appendages on the body include two pairs of antennae, a pair each of mandibles and maxillae, and five pairs of legs.

B. Unusual crustaceans include the tiny copepods that are integral to marine food webs and the shell-encased barnacles that cause problems when they attach to wharf pilings.

XIV. How Many Legs?

A. Millipedes and centipedes have a long, segmented body with many legs

B. Millipedes are slow-moving vegetarians.

1. The body is cylindrical.

2. There two pairs of legs on each body segment.

C. Centipedes move rapidly and prey on small invertebrates mostly.

1. The body is flattened.

2. There is only one pair of legs per body segment.

XV. A Look at Insect Diversity

A. Insects have several unique features:

1. The body is divided into three regions: head (sensory and feeding), thorax (locomotion: by six legs, two pairs of wings), and abdomen.

2. Unique Malpighian tubules process metabolic waste and aid in water retention.

B. Insects are enormously successful.

1. They can produce enormous numbers of offspring.

2. Their ability to disperse by flight allows the use of widely ranging food sources.

3. Metamorphosis through larval, pupal, and adult stages allows fuller exploitation of nature resources.

XVI. The Puzzling Echinoderms 

A. These are the spiny skinned animals: sea stars, sea urchins, brittle stars, and sea cucumbers.

1. Adults are radially symmetrical; larvae are bilateral.

2. The decentralized nervous system permits response to be made in all directions.

B. The unique water vascular system operates the tube feet by contracting the ampulla on each one.

1. Collectively the tube feet achieve a suction useful in locomotion and prey capture.

2. Sea stars can evert their stomachs when feeding.










CHAPTER 24: Animals: The Vertebrates 


Making Do (Rather Well) With What You’ve Got

A. The platypus is a mosaic of reptilian, avian, and mammalian traits.

B. Despite its collection of peculiar features, this animal survives very well in the environment to which it has become adapted.

I. The Chordate Heritage

A. Characteristics of Chordates

1. The phylum Chordata consists of a majority of species that are vertebrates (with a backbone) and a minority that are invertebrate chordates.

2. All chordates, at some time in their lives, have four distinctive features:

a. A notochord is a long rod of stiffened tissue that supports the body; later it changes to bony units in vertebrates.

b. A dorsal, tubular nerve cord lies above the notochord and gut.

c. A muscular pharynx with gill slits is positioned at the entrance to the digestive tract.

d. A tail, or rudiment thereof, exists near the anus.

B. Chordate Classification

1. There are three subphyla: Urochordata, Cephalochordata, and Vertebrata.

2. The vertebrates are divided into eight classes (one of which is extinct).

II. Invertebrate Chordates

A. Tunicates [Urochordata]

1. Tunicates, or sea squirts, are marine organisms covered with a gelatinous tunic.

a. The larval stage resembles a tadpole and has a notochord in the tail.

b. The adult is sessile, maintaining a constant flow of water entering through the gill slits bringing in food particles (filter feeding) and oxygen and carrying away wastes.

2. Metamorphosis to the adult results in a loss of the notochord and tail, a regression of the nerve cord, and an expansion of the pharynx for filter feeding.

B. Lancelets [Cephalochordata]

1. Lancelets are small fishlike animals with tapered bodies.

a. They lie buried in the sand filtering food from the stream of water passing through the pharynx.

b. Muscles are arranged in a segmented pattern on both sides of the notochord; circulation is closed (but no red cells); respiration is directly across the body wall.

2. Lancelets display all four of the vertebrate characteristics throughout their lives.

III. Evolutionary Trends Among the Vertebrates

A. Puzzling Origins, Portentous Trends

1. Hemichordates ("acorn worms") appear to be intermediates between echinoderms and chordates because of their gill-slitted pharynx and dorsal tubular nerve cord.

2. Perhaps vertebrates evolved from a tunicate-like ancestor whose larva became sexually functional.

3. The single, continuous notochord was replaced by a column of separate, hardened vertebrae, parts of which became modified near the head to form jaws.

a. More complex sense organs and nervous systems began to arise in fishes.

b. The fins of fishes were the starting point for the legs, arms, and wings seen among higher vertebrates.

4. Gradually, there was less reliance on gills and more on lungs and the circulatory system (heart, blood vessels), which work in connection.

B. The First Vertebrates

1. Among the earliest jawless fishes (Agnatha) were the ostracoderms.

a. They were covered with hardened external plates but did not have a well-developed endoskeleton.

b. The lived on the ocean bottom where they were filter feeders.

2. Placoderms were the first fishes with jaws and paired fins.

a. In these fishes, bony elements reinforced the notochord and pairs of fins stabilized the body.

b. Gill openings in the head became enlarged and fitted with teeth–they functioned as jaws.

c. As the Paleozoic drew to a close, placoderms were replaced by cartilaginous and bony fishes.

IV. Existing Jawless Fishes 

1. Descendants of the early jawless fish are present today in the lampreys and hagfishes.

a. Both have a cylindrical, eel-like body with no paired fins.

b. A notochord and cartilaginous skeleton are present.

2. Hagfishes are scavengers that look like large worms with "feelers" around the mouth.

3. Lampreys are parasitic on other fish, attaching to them with an oral, suckerlike disk.

V. Existing Jawed Fishes

A. Enormous numbers of fishes attest to their success in meeting the challenges of life in the water.

1. Their streamlined bodies allow easy movement through the dense medium.

2. Tail muscles are organized for powerful force.

3. The swim bladder provides buoyancy.

B. Cartilaginous Fishes [Chondrichthyes]

1. All possess a streamlined body with a cartilaginous endoskeleton, gill slits, and fins.

2. This group includes the sharks, skates, rays, and chimaeras.

a. Sharks are formidable predators with their powerful jaws and teeth (replaceable).

b. Skates and rays live on the ocean bottom where they feed on invertebrates; some can jolt prey with electricity or sting with a venomous tail spine.

c. Chimaeras are almost scaleless, with a body resembling a rat.

C. Bony Fishes [Osteichthyes]

1. Bony fishes are the most numerous and diverse of the vertebrates.

a. Descendants of ancestors that arose in the Silurian period have radiated into nearly every aquatic habitat.

b. Body plans very from torpedo shape to eel to the peculiar sea horse.

2. The ray-finned fishes are highly maneuverable thanks to their fins, which are supported by rays that originate from the dermis

3. The lobe-finned fishes bear fleshy extensions on the body.

VI. Amphibians

A. Origin of Amphibians

1. Arising during the Devonian, the lobed-finned fishes used their lobed fins to move over land from one muddy pool to the next.

2. Lungfishes in Australia lives in water and gulps air at the surface until the pool dries up, then it encases itself in mud waiting for the next rainy season.

3. Life on land presented new challenges to the emerging amphibians.

a. Water availability was not reliable.

b. Air temperatures were variable, and air itself was not the strong supporting medium that water was, but it was a richer source of oxygen.

c. New habitats, including vast arrays of plants, necessitated keener sensory input.

d. Fortunately, climate shifts in the Carboniferous provided an abundance of insects as food for the amphibians.

4. Existing amphibians share several common characteristics:

a. All have bony endoskeletons and usually four legs.

b. Most shed their eggs into water, which is also home to a free-swimming larval stage.

c. Depending on their habitat, amphibians can respire by use of gills, lungs, skin, and pharyngeal lining.

d. The skin is usually thin and sometimes supplied with glands that produce toxins.

B. Salamanders

1. When they walk, the body bends from side to side, much like a fish moving through water.

2. Adults may retain larval features including gills and tail.

3. Some larvae may become sexually mature but not reach a true adult stage.

C. Frogs and Toads

1. These animals possess long hindlimbs capable of responding to powerful muscles.

2. Their success on land is due in part to: the excellent prey-grasping capability of the tongue attached at the front of the mouth.

D. Caecilians 

1. These unusual creatures live burrowed in the forest floor where they hunt for invertebrate prey.

2. They have no limbs but do have small scales embedded in the skin.

VII. The Rise of Reptiles

A. Reptiles evolved from amphibians:

1. Modification of limb bones, teeth, and jaw bones allowed greater exploitation of the insect life emerging in the Late Carboniferous.

2. Development of the cortex region of the cerebrum permitted greater integration of sensory input and motor response.

3. A four-chambered heart and more efficient lungs allowed greater activity.

B. Four features were critical to reptiles’ escape from water dependency:

1. Reptiles have a scaly skin that is resistant to drying.

2. They have a copulatory organ that permits internal fertilization.

3. Their kidneys are good at conserving water.

4. The produce amniote eggs with covering membranes and a shell, which allow the eggs to laid in dry habitats.

C. Crocodiles and alligators all live in or near water.

1. The body plan includes a long snout; body temperature is regulated behaviorally (ectothermic).

2. They show complex behavior, as when the parents guard nests and assist hatchlings into the water.

D. Turtles possess a distinctive shell offers protection while conserving water and body heat.

E. Lizards and snakes represent about 95 percent of modern-day reptiles.

1. Most lizards are small-bodied insect eaters; their most usual habitats are deserts and tropical forests.

2. Snakes are limbless but retain vestiges of hind limbs; they are excellent predators.

F. Tuataras resemble lizards, they are evolutionarily more ancient.

1. They do not engage in sex until they are twenty years old.

2. Only two species remain today; they live on islands off the shore of New Zealand.

VIII Birds

A. Birds apparently evolved from reptiles during the Jurassic.

1. The oldest known bird (Archaeopteryx) resembled reptiles in limb bones and other features.

2. Birds still resemble reptiles: horny beaks, scaly legs, and egg-laying.

B. The body plan of birds is unique.

1. The body is covered with feathers–helpful in flight and insulation.

2. Construction meets the requirements of flight: low weight and high power.

a. The heart is four-chambered, and the lungs are highly efficient because of their "flow-through" design.

b. The bones are lightweight because of air cavities within them.

c. Powerful muscles are attached at strategic places on the bones for maximum leverage.

IX. The Rise of Mammals

A. Mammals originated in the Carboniferous when therapsid reptiles diverged from lineages that led ultimately to modern reptiles and birds.

B. Modern mammals are characterized by the following:

1. Brain capacity is increased, allowing more capacity for memory, learning, and conscious thought.

2. Milk-secreting glands nourish the young.

3. Mammals show behavioral flexibility, the ability to expand on the basics with novel forms of behavior.

4. Hair covers at least part of the body (whales are an exception).

5. Dentition (incisors, canines, premolars, and molars) is extensive and specialized to meet dietary habits.

C. Placental mammals nourish their young within the mother’s uterus by the placenta–a composite of maternal and fetal tissue.

1. The placenta is the organ of exchange of nutrients and wastes between the maternal blood and the fetal blood.

2. Placental nourishment is more efficient than nourishment of the pouched animals.

3 Representatives of this group are found in virtually every aquatic and terrestrial environment.

D. Pouched mammals, such as the opossum of North America, give birth to tiny, blind, hairless young that find their way to the mother’s pouch where they are suckled and finish their development.

E. Egg-laying mammals are represented today only by the platypus and spiny anteater in Australia.

1. They are practically toothless.

2. They lay eggs but suckle their young.

X. Primates

A. Primates include prosimians, tarsoids, and anthropoids.

1. Prosimians (literally: before apes) are small tree dwellers that use their large eyes to advantage during night hunting.

2. Tarsioids (tarsiers) are small primates with features intermediate between prosimians and anthropoids.

3. Anthropoids include monkeys, apes, and humans.

a. Hominoids include apes and humans.

b. Hominid refers to human lineages only.

B. Most primates live in tropical or subtropical forests, woodlands, or savannas.

1. With the exception of humans, most primates are tree dwellers.

2. No one feature distinguishes the primates from other mammals, but there are five trends that define the lineage:

a. There was less reliance on sense of smell and more on daytime vision.

b. Skeletal changes led to upright walking, which freed the hands for novel tasks.

c. Changes in bones and muscles led to refined hand movements.

d. Teeth became less specialized.

e. Changes in the brain and behavior became interlocked with each other and with cultural evolution.

C. Origins and Early Divergences

1. Primates evolved from mammals about 60 million years ago (Paleocene).

a. The first primates resembled small rodents or tree shrews; they had long snouts and were good foragers on the forest floor.

b. By the Eocene, their descendants were living in trees, had larger brains, were active in the daytime, and possessed better grasping movements.

c. By the time of the Oligocene, the tree-dwelling ancestors (anthropoids) of monkeys and apes had emerged.

2. The first hominoids appeared about 20 million years ago (Miocene).

a. Continents were settling into their current positions; climates were cooler and drier; forests gave way to grasslands.

b. The first hominoids ranged over the Old World and became extinct except for some of their descendants, which branched three ways: gorillas, chimps, and eventually, humans.

D. The First Hominids

1. Most of the earliest known hominids lived in the East African Rift Valley

a. Cooler and drier weather encouraged the transition of hominids to mixed woodlands and grasslands.

b. The early hominids had these features in common:

1) They were upright walkers, with hands freed for new tasks.

2) Modifications in the teeth and jaws allowed a more varied diet.

3) The more elaborate brain permitted them to think ahead and reason.

2. The first known hominids are designated australopiths (southern apes).

a. Gracile (slightly built) forms have been designated Australopithecus anamensis, A. afarensis and A. africanus. 

b. Robust forms are designated A. boisei and A. robustus.

XI. Emergence of Early Humans

A. Hominids began to use stone tools about 2.5 million years ago to get marrow out of bone and to scrape flesh from bones.

1. The first toolmaker is referred to as "handy man" or Homo habilis.

2. Early Homo had a smaller face, more generalized teeth, and larger brain.

3. "Manufactured" tools have been found at Olduvai Gorge in Africa.

B. Where modern human populations arose is a hotly debated topic.

1. One model says that modern human populations evolved in Africa and then migrated to the other parts of the world.

2. Another says that H. erectus migrated and then subdivided by genetic divergence. 

a. Homo erectus had a long, chinless face, thick-walled skull, heavy browridge but was narrow-hipped and long-legged.

b. Homo erectus made advanced stone tools and used fire as they migrated out of Africa into Asia and Europe.

3. Between 300,000 and 200,000 years ago, H. sapiens evolved from H. erectus.

a. Early H. sapiens had smaller teeth, a chin, thinner facial bones, larger brain, and rounder, higher skull.

b. Neanderthals were similar to modern humans but disappeared 35,000—40,000 years ago.

4. Modern human evolution is cultural, not biological.

XII. Focus on Science: Out of Africa–Once, Twice, ...

CHAPTER 25: Plant Tissues 


Plants Versus the Volcano

A. Volcanic eruptions can obliterate plant life, but the devastation is only temporary.

B. Within a year of the eruption of Mount St. Helens, plant life had begun to repopulate the hillsides.

I. Overview of the Plant Body

A. Although no one species of the 295,000 species of plants can be considered typical, the focus here is on angiosperms: plants that produce flowers and enclose their seeds.

B. Shoots and Roots

1. The aboveground parts of plants–shoots–consist of stems, leaves, and flowers with internal pipelines for conduction.

a. Stems are frameworks for upright growth and display of flowers.

b. Photosynthetic cells in leaves are exposed to light.

c. Flowers are displayed to pollinators.

2. The plant’s descending parts–roots–usually grow below ground.

a. They absorb water and minerals from soil and conduct them upward.

b. They store food; they also anchor and support the plant.

C. Three Plant Tissue Systems

1. Plant tissues are grouped into three main systems:

a. The ground tissue system is the most extensive; it makes up the bulk of the plant body.

b. The vascular tissue system contains two kinds of conducting tissues that distribute water and solutes through the plant body.

c. The dermal tissue system covers and protects the plant’s surfaces.

2. Some tissues in these systems contain only one type of cell and are called simple; others are complex–highly organized arrays of two or more types of cells.

D. Meristems–Where Tissues Originate

1. Apical meristem (embryonic cells) at the tips of roots and shoots is responsible for growth and elongation.

a. Growth originating at root and shoot tips is labeled primary growth.

b. Descendants of some of these cells will develop into the specialized tissues of the elongating root and stem.

2. Lateral meristems are responsible for the increase in diameter of roots and stems.

a. Vascular cambium and cork cambium are two kinds of lateral meristems.

b. Secondary growth adds to woody parts of trees, for example.

II. Types of Plant Tissues

A. Simple Tissues

1. Parenchyma is the most common tissue in ground tissue systems.

a. Its thin-walled cells are found in virtually all plant parts.

b. Its cells are metabolically active at maturity and retain the capacity to divide, as in wound healing.

c. Various types participate in photosynthesis, storage, secretion, and other tasks.

2. Collenchyma cells are thickened and help strengthen the plant.

a. The "strings" in celery are good examples of this tissue.

b. Pectin in the walls imparts pliability.

3. Sclerenchyma supports and protects mature plant parts.

a. Lignin is deposited in its cells where it anchors, waterproofs, and protects.

b. Long tapered fibers flex and twist and therefore are useful in making rope.

c. Thickened sclereids form nut shells, peach pits, and gritty fruits.

B. Complex Tissues

1. Vascular Tissues

a. Xylem conducts water and minerals; it also mechanically supports the plant.

1) Its water-conducting cells (vessel members and tracheids) connect as hollow pipelines.

2) Water flows from one cell to another through pits in their lignified walls.

b. Phloem transports sugars and other solutes.

1) Phloem contains living conducting cells (sieve tube members).

2) The tubes bear clusters of pores in the walls through which the cytoplasm of adjacent cells is connected.

3) Companion cells, adjacent to the sieve tube members, help to move sugars from regions of intense photosynthetic activity.

2. Dermal Tissues

a. The epidermis covers the primary plant body.

b. A waxy cuticle covers the external surface of the plant to restrict water loss and resist microbial attack.

c. Specialized guard cells can change shape to create openings called stomata, which permit water and gaseous exchange with the air.

d. The periderm (composed of cork cells that are no longer alive and are impregnated with suberin) replaces the epidermis when roots and stems show secondary growth.

C. Dicots and Monocots–Same Tissues, Different Features

1. Dicots include common trees and shrubs (other than conifers).

2. Monocots include the familiar grasses, lilies, irises, cattails, and palms.

3. Monocot seeds have one cotyledon ("seed leaf") and dicot seeds have two.

III. Primary Structure of Shoots 

A. How Stems and Leaves Form

1. Leaf primordia develop along the flanks of the apical meristem as the primary shoot lengthens.

a. A node is the point where a leaf, or leaves, attach to the stem.

b. An internode is the region on the stem between two nodes.

2. A bud is an undeveloped shoot of mostly meristematic tissue covered by modified leaves (scales); buds give rise to leaves, flowers, or both.

B. Internal Structure of Stems

1. A vascular bundle is a strandlike arrangement of primary xylem and phloem.

a. Inside each bundle, the phloem is positioned near the side of the sheath facing the stem surface.

b. The xylem is positioned near the side facing the stem center.

2. In most monocots, the vascular bundles are scattered throughout the ground tissue.

3. The stems of most dicots have vascular bundles arranged as a ring that divides the ground tissue into the outer cortex and inner pith.

IV. A Closer Look at Leaves

A. Similarities and Differences Among Leaves

1. Leaves, metabolic factories equipped with food-producing, photosynthetic cells, develop as outgrowths of apical meristems.

a. Monocot leaves form a sheath around the stem and lack a petiole.

b. Dicot leaves have a blade and a petiole by which the leaf is attached to the stem; dicots may have "compound" leaves of many leaflets

2. Epidermis covers all leaf surfaces that are exposed to the surroundings.

a. Its surface may be smooth or covered with a variety of hairs and scales.

b. Cuticle minimizes water loss.

c. Stomata are located mostly on the lower epidermis.

3. Mesophyll is a photosynthetic ground tissue.

a. Photosynthetic parenchyma cells (in mesophyll layer) are located between the extensive surface areas of the upper and lower epidermis.

b. Air spaces participate in gaseous exchange.

c. Columnar parenchyma cells attached to the upper epidermis (palisade cells) have more chloroplasts than the spongy cells below.

4. Veins are the leaf’s vascular bundles.

a. Veins (vascular bundles) form a network for water, solutes, and photosynthetic products.

b. In dicots, the veins repeatedly branch into smaller ones embedded in the mesophyll; in monocots, veins are quite similar in length and run parallel with the leaf’s long axis.

B. Curious and Misguided Uses of Leaves

1. Mayans cultivated tobacco plants and later introduced European explorers to smoking.

2. Use of marijuana and cocaine (from coca leaves) has caused misery for millions of person.

V. Primary Structure of Roots

A. Taproot and Fibrous Root Systems

1. In most dicots, the primary root emerges from the seedling, increases in size, and grows downward.

a. Lateral roots emerge sideways.

b. The primary root plus lateral roots form the taproot system; example: carrot.

2. In monocots, the taproot is replaced by adventitious roots that arise from the stem.

a. These roots and their branchings form a fibrous root system; example: grasses.

b. Adventitious roots and their branchings are similar in diameter and length.

B. Internal Structure of Roots 

1. Cells in the apical meristem divide and then differentiate into epidermis, ground tissue, and vascular tissues.

2. The dome-shaped cell mass at the root tip is the root cap.

a. The root cap protects the apical meristem and pushes through the soil.

b. Cells are torn loose as the root grows.

3. The root epidermis is the absorptive interface with the soil.

a. Extensions of the epidermis called root hairs greatly increase the surface area.

b. Root hairs are easily torn off.

4. The vascular tissues form a vascular cylinder (column) inside the root.

a. The column is surrounded by root cortex (ground tissue), which has abundant air spaces within it.

b. The endodermis–the innermost layer of the cortex–helps control water movement.

c. Within the endodermis is the pericycle, which is meristematic and can give rise to lateral roots.

C. Regarding the Sidewalk-Buckling, Record-Breaking Root Systems

1. Most root systems of flowering plants mine the soil to a depth of 2 to 5 meters.

2. But in unusual climates, such as deserts, roots can go as deep as necessary to find water.

VI. Accumulated Secondary Growth–Woody Plants

A. Seasonal growth cycles proceed from seed germination, to seed formation, to death.

1. Most monocots are nonwoody (herbaceous) and show no secondary growth in their life cycle; dicots and gymnosperms are woody and show secondary growth.

2. Life cycles of flowering plants can be of three types:

a. Annuals such as corn live one season; there is little secondary growth.

b. Biennials, such as carrots, live two seasons; vegetative growth occurs in the first, flower and seed formation in the second.

c. Perennials live many years and have secondary growth; examples: shrubs, vines, trees.

B. Secondary growth of stems and roots occurs at the lateral meristem.

1. Vascular cambium is a cylinderlike lateral meristem.

a. It produces secondary xylem on its inner face and secondary phloem on its outer.

b. The mass of xylem crushes the phloem cells (from last season), which are replaced outside the growing core of xylem.

2. In response to rupture of the outer cortex (by girth expansion), cork cambium produces the periderm–a corky replacement of the epidermis. 

C. Tree rings indicate annual growth layers.

1. In regions with cool winters or dry spells, the vascular cambium is inactive part of the year.

a. Early wood (beginning of the growing season) contains xylem with large diameters and thin walls.

b. Late wood contains xylem with small diameters and thick walls.

2. Tree rings appearing as alternating light bands of early wood and dark bands of late wood, define the annual growth layers.

3. Hardwoods (oak) have tracheids, vessels, and fibers in their xylem; softwoods (pine) have no vessels or fibers.





CHAPTER 26: Plant Nutrition and Transport 


Flies for Dinner

A. The Venus flytrap has a most unusual way of obtaining its nutrients–it’s a carnivore!

B. Although not as spectacular as the flytrap, all plants have adaptations for obtaining the environmental resources they require.

I. Soil and its Nutrients

A. Properties of Soil

1. Soil is a mixture of rock, mineral ions, and organic matter.

a. The size of the rock can range from gravel, to sand, silt, and clay.

b. The organic matter, in variable stages of decomposition, is called humus.

2. Soil profiles are defined by the composition of soil from the surface downward.

a. Loam topsoils have the best mix of sand, silt, and clay for agriculture.

b. Topsoil has the most humus and is the most vulnerable to weathering.

B. Nutrients Essential for Plant Growth

1. Nutrients are elements essential for a given organism because they have roles in metabolism.

2. Oxygen, hydrogen, and carbon are obtained from water and carbon dioxide.

3. Others are dissolved in the water taken up by the roots:

a. Six elements are called macronutrients (used in significant quantities): N, K, Ca, Mg, P, and S.

b. Seven are used only in trace quantities (micronutrients): Cl, Fe, B, Mn, Z, Cu, and Mb.

C. Leaching and Erosion

1. Leaching refers to the removal of some nutrients in soil as water percolates through it.

2. Erosion is the movement of land under the force of wind, running water, and ice.

II. How Do Roots Absorb Water and Ions?

A. Absorption Routes

1. Roots are stimulated to grow outward to greater concentrations of water and nutrients.

2. A sheet of cells (endodermis) is wrapped around the vascular cylinder.

a. The water-repellent Casparian strip forces water to move through the cytoplasm of the endodermal cells.

b. Transport proteins and other membrane components control absorbed nutrient distribution throughout the plant.

4. An exodermis just inside the roots also has a Casparian strip.

B. Specialized Absorptive Structures

1. Roots hairs are slender extensions of specialized epidermal cells that greatly increase the surface area available for absorption.

2. Certain symbiotic organisms work with (mutualism) plants to increase uptake.

3. Gaseous nitrogen is converted to forms useful to plants by bacteria, often residing in root nodules as symbionts.

4. Mycorrhizae (fungi growing around plant roots) aid in absorbing minerals that are supplied to the plant in exchange for sugars (symbiosis).

III. How Is Water Transported Through Plants?

A. Transpiration Defined

1. Water moves from roots to stems and then to leaves.

2. Some water is used for growth and metabolism, but most evaporates into the air by transpiration.

B. Cohesion-Tension Theory of Water Transport

1. The tracheids and vessel members of the xylem are dead at maturity and therefore, are not actively pulling the water to the top of the plant.

2. The cohesion theory of water transport explains water movement in plants.

a. The drying power of air causes transpiration.

b. Transpiration puts the water in xylem in a state of tension from leaves to stems to roots.

c. As long as water molecules escape from the plant, molecules are pulled up to replace them.

d. Columns of water are pulled by the hydrogen bonds between water molecules that are confined to the tubular xylem cells.

e. Hydrogen bonds break when water escapes from the leaves.

IV. How Do Stems and Leaves Conserve Water?

A. The Water-Conserving Cuticle

1. If water loss by transpiration exceeds water uptake by the plant, dehydration and death can result.

2. The waxy cuticle secreted by the epidermis reduces water loss.

a. Waxes are embedded in a matrix of cutin.

b. Beneath the matrix are cellulose threads and a layer of pectins.

B. Controlled Water Loss at Stomata

1. Transpiration is controlled by the opening/closing of the stomata.

a. In sunlight, potassium and water move into the guard cells causing them to swell and create an opening for carbon dioxide entry (a benefit) and water loss (a detriment).

b. At night, potassium and water move out, and the guard cells collapse to close the gap and conserve water.

2. CAM plants (cacti) open stomata at night when they fix carbon dioxide by the C4 pathway.

V. How Are Organic Compounds Distributed Through Plants?

A. Phloem distributes organic products of photosynthesis.

1. Sieve tubes and companion cells (living cells) conduct dissolved sugars.

2. Storage forms of organic molecules (example: starch, fats, proteins) are unsuitable for transport throughout the plant body.

3. They are therefore converted to more soluble forms, such as sucrose.

B. Translocation

1. Organic molecules travel from photosynthetic sites to organs that need them by translocation.

2. The term translocation is most often used to signify the transport of sucrose and other compounds through phloem.

3. Observations of aphids provide translocation information.

C. Pressure Flow Theory

1. Movement of molecules through phloem moves from sources (leaves) to sinks (flowers, fruits, seeds, roots).

2. According to the pressure flow theory, translocation depends on pressure gradients.

a. Solutes move into the phloem from a source, then water follows, pressure builds, and fluids move away to sink areas.

b. At the sink, organic compounds move by active transport into sink cells where they are used. 




CHAPTER 27: Plant Reproduction and Development 


A Coevolutionary Tale

A. Coevolution refers to two (or more) species jointly evolving as an outcome of close ecological interactions.

1. Plant structures that were more attractive to pollen-delivering insects were favored.

2. The more attractive plants proved to be good sources of food for the insects.

B. Floral features correlate with specific pollinators, such as insects and birds.

I. Reproductive Structures of Flowering Plants

A. Think Sporophyte and Gametophyte

1. Plants can reproduce sexually.

a. Flowers attract pollinators that help bring sperm and egg together.

b. Female structures house the embryo during development.

2. The sporophyte is diploid and consists of roots, stems, and leaves.

a. The sporophyte produces flowers for sexual reproduction.

b. Flowers produce haploid spores that develop into gametophytes: male produces sperm, female produces eggs.

c. Female gametophyte is embedded in floral tissues; male is released as pollen grains.

B. Components of Flowers

1. Accessory structures form the nonreproductive parts of the flower.

a. Petals (collectively called the corolla) are the colored parts located between the reproductive structures and the receptacle.

b. Sepals are the outermost green leaflike parts.

2. Reproductive parts include the stamens (male) and carpels (female).

3. Epidermal oils impart fragrance; pigments give color.

C. Where Pollen and Eggs Develop

1. Male parts are called stamens.

a. Often the stamen consists of a slender stalk (filament) capped with an anther.

b. Inside the anthers are pollen sacs in which pollen grains develop.

2. Female parts are located in the center of the flower.

a. The carpel is the vessel-shaped structure with an expanded lower chamber (ovary), slender column (style), and upper surface (stigma) for pollen landing.

b. In the ovary eggs develop, fertilization occurs, and seeds mature.

3. So called "perfect" flowers have both male and female parts (may be on the same plant); "imperfect" flowers lack the parts of one sex.

II. Focus on the Environment: Pollen Sets Me Sneezing

III. A New Generation Begins

A. From Microspores to Pollen Grains

1. In anthers, each diploid mother cell divides by meiosis to form four haploid microspores.

2. Each microspore will divide to form two haploid cells, each of which is called a pollen grain.

3. One cell will produce the sperm; the other will form the pollen tube.

B. From Megaspores to Eggs

1. In the carpel, a mass of tissue forms an ovule (potential seed) enclosed by integuments.

2. A diploid mother cell divides by meiosis to produce haploid megaspores, one of which will undergo mitosis three times to produce a cell with eight nuclei. 

3. The nuclei migrate resulting in an embryo sac (female gametophyte) with seven cells; one cell has two nuclei and will become the endosperm (nutrition for embryo); another cell will be the egg.

C. From Pollination to Fertilization

1. Pollination is the transfer of pollen grains to the surface of the stigma.

2. Wind, insects, birds, or other agents are often required for the transfer.

3. After a pollen grain lands on a stigma, a pollen tube forms, producing a path that the two sperm nuclei will follow to the ovule.

4. Guided by chemical cues, the pollen tube grows through the tissues of the ovary to an ovule.

5. When the pollen tube penetrates the embryo sac, the two sperm are released to accomplish double fertilization.

a. One sperm fuses with the egg nucleus to form a diploid zygote.

b. The other sperm nucleus fuses with the two endosperm nuclei to yield a triploid "primary endosperm cell," which will nourish the young sporophyte seedling.

IV. From Zygote to Seeds and Fruits

A. Formation of the Embryo Sporophyte

1. Initially the zygote is attached to the parent plant and derives nutrition by direct transfer during differentiation of embryonic tissues.

2. Cotyledons (seed leaves) develop for the purpose of utilizing the endosperm during germination.

B. Seeds and Fruit Formation and Dispersal

1. Seeds develop from ovules.

a. During embryo development, the parent plant transfers nutrients to the tissues of the ovule, expanding the endosperm or cotyledons.

b. The ovule eventually separates from the ovary wall and develops seed coats.

2. A fruit is a mature ovary with seeds (ovules) inside.

a. Fruits may be dry (grains and nuts) or fleshy (apples).

b. Fruits may be classified as simple, aggregate, multiple, or accessory.

3. Fruits function in seed protection and dispersal in specific environments by means of "wings," hooks, hairs, sticky surfaces, even animal digestive wastes.

V. Asexual Reproduction of Flowering Plants

A. Asexual Reproduction in Nature

1. In vegetative growth, new roots and shoots grow right out of extensions or fragments of a parent plant.

2. Strawberry plants send out runners; oranges come from trees that reproduce by parthenogenesis (development of an embryo from an unfertilized egg).

B. Induced Propagation

1. Houseplants such as African violets can be produced from cuttings of shoot systems.

2. In tissue culture propagation, cultured bits of phloem can be induced under laboratory conditions to form clumps of tissue that will give rise to roots.

VI. Patterns of Early Growth and Development–An Overview

A. Seed Germination 

1. Germination is the process by which an immature stage in the life cycle resumes growth after a period of arrested development.

2. Genes and environmental factors influence germination.

a. Germination depends on water (often spring rains), oxygen, temperature, light, daylength, and other environmental factors.

b. Oxygen moves in and allows the embryo to switch to aerobic metabolism.

3. Repeated cell divisions produce a seedling with a primary root.

B. Genetic Programs, Environmental Cues

1. Genetic instructions orchestrate differentiation of tissues.

3. The developing plant responds to environmental cues via hormone responses.

VII. Effects of Plant Hormones

A. Hormones are chemicals released from some cells that travel to other, target cells to stimulate or inhibit gene activity.

1. Hormones affect growth (increase in number, size, and volume of cells) and development (emergence of specialized, morphologically different body parts).

2. When young cells of an embryo or seedling take up water, turgor pressure promotes enlargement.

B. At least five classes of hormones control the selective gene expression that underlies cell differentiation.

1. Gibberellins promote stem elongation.

2. Auxins promote stem and coleoptile elongation; synthetic auxins are used as herbicides to kill weeds.

3. Cytokinins stimulate cell division, promote leaf expansion, and retard leaf aging.

4. Abscisic acid promotes seed and bud dormancy; it also causes stomatal closure.

5 Ethylene stimulates the ripening of fruit.

C. Other unidentified hormones can inhibit lateral growth (apical dominance) and promote flowering.

VIII. Focus on Science: Foolish Seedlings

IX. Adjustments in the Rate and Direction of Growth

A. What are Tropisms?

1. Tropisms are growth responses to environmental factors.

2. Gravitropism is the growth response to gravity–shoots grow up, roots grow down; auxin may play a role.

3. Phototropism is a growth response toward light caused by auxin stimulation of cells not exposed to light.

4. Thigmotropism is unequal growth triggered by physical contact; it is found in climbing vines and tendrils.

B. Responses to Mechanical Stress

1. Prevailing winds and grazing animals can inhibit stem elongation and plant growth.

1. Simply shaking a plant daily for a brief period will inhibit growth.

X. Biological Clocks and Their Effects

A. Flowering plants have internal timing mechanisms called biological clocks.

1. Biological clocks are an internal time-measuring mechanism with a biochemical basis.

2. Phytochrome, a blue-green pigment, is converted to an active form (Pfr) at sunrise and to an inactive form (Pr) at sunset; it influences seed germination, stem elongation, and formation of leaves, flowers, fruits, and seeds.

B. Rhythmic Leaf Movements

1. Circadian rhythms are regular cycles of plant activities that occur on a twenty-four hour basis.

2. For example, plants may fold their leaves into "sleep" positions even when kept in constant light or darkness.

C. Flowering–A Case of Photoperiodism

1. Photoperiodism is a biological response to a change in relative length of daylight and darkness as it changes throughout the year.

a. "Long-day plants" flower in the spring as daylength becomes longer (example: spinach).

b. "Short-day plants" flower in late summer or early autumn when daylength becomes shorter (example: cocklebur).

c. "Day-neutral plants" flower when they are mature.

2. Hormones such as phytochrome, and others not yet identified, probably influence flowering and other growth processes.

X. Life Cycles End, and Turn Again

A. Senescence

1. Annual plants and most perennials end up with dead leaves due to redistribution of nutrients to reproductive parts.

2. The dropping of leaves, flowers, and fruits is called abscission; it may be triggered by ethylene and abscisic acid.

3. Senescence is the total of processes leading to the death of a plant or plant part.

B. Entering and Breaking Dormancy

1. In autumn, daylength shortens and growth stops in many trees and nonwoody perennials; it will not resume until spring.

2. Dormancy is broken by the number of hours of exposure to cold weather and probably involves gibberellins and abscisic acid.

CHAPTER 28: Tissues,Organ Systems, and Homeostasis


Meerkats, Humans, It’s All the Same

A. Meerkats’ ability to rouse themselves and soak up the morning sun is dependent on the energy gathered and stored the previous day.

B. All the body systems must function as a well-coordinated unit for survival.

I. Epithelial Tissue

A. General Characteristics

1. In this tissue one surface is free and the other adheres to a basement membrane.

a. Simple epithelium is one-cell thick and may have flat (squamous), cuboidal, or columnar cells.

b. Stratified epithelium has many layers–as in human skin.

2. In epithelium, cells are linked tightly together with specialized junctions providing both structural and functional links between individual cells.

B. Cell-to-Cell Contacts

1. Tight junctions provide seals to prevent leaking across the free epithelial surface; for example, epithelia in the digestive tract prevent attack of the wall by acids and enzymes.

2. Adhesion junctions are like "spot welds" that cement cells together so that they function as a unit (example: skin).

3. Gap junctions promote diffusion of ions and small molecules from cell to cell.

C. Glandular Epithelium and Glands

1. Glands are secretory cells derived from epithelium.

2. Exocrine glands often secrete through ducts to free surfaces; they secrete mucus, saliva, wax, and milk, for example.

3. Endocrine glands secrete hormones directly into the blood.

II. Connective Tissue

A. Most connective tissue contains cells and (collagen and/or elastin) fibers (secreted by fibroblasts) scattered in a ground substance.

B. Soft Connective Tissues

1. Loose connective tissue supports epithelia and organs and surrounds blood vessels and nerves; it contains more cells and fewer, thinner fibers. 

2. Dense, irregular connective tissue has fewer cells and more fibers that are thick; it forms protective capsules around organs.

3. Dense, regular connective tissue has bundled parallel collagen fibers such as in ligaments (bone to bone) and tendons (muscle to bone).

C. Specialized Connective Tissues

1. Cartilage

a. Cartilage contains a dense array of fibers in a rubbery ground substance.

b. It cushions and maintains the shape of body parts; it resists compression and is resilient.

c. Locations include the ends of bones, parts of the nose, external ear, and disks between vertebrae.

3. Bone Tissue

a. Bone tissue is mineral-hardened with collagen fibers and a ground substance rich in calcium salts.

b. Bones are organized as flat plates and cylinders, which support and protect body tissues and organs.

1) Bones work with muscles to perform movement.

2) Bone stores mineral salts, produces blood cells, and provides spaces for its own living osteocytes.

4. Adipose tissue cells are specialized for the storage of fat, which can be used as an energy reserve and cushions to pad organs.

5. Blood

a. Blood transports oxygen, wastes, hormones, and enzymes.

b. Blood contains clotting factors to protect against bleeding.

c. Blood also contains components to protect against foreign invaders.

III. Muscle Tissue

A. Muscle tissue contracts in response to stimulation, then passively lengthens.

B. There are three types of muscle defined by their appearance, location , and function:

1. Skeletal muscle tissue attaches to bones for voluntary movement; it contains striated, multinucleated, long cells.

2. Smooth muscle tissue contains spindle-shaped cells; it lines the gut, blood vessels, and glands; its operation is involuntary.

3. Cardiac (heart) muscle is composed of short, striated cells that can function in units.

IV. Nervous Tissue

A. Nervous tissue exerts greatest control over the body’s responsiveness to changing conditions.

B. Neurons, excitable cells, are organized as lines of communication throughout the body.

V. Focus on Science: Frontiers in Tissue Research

VI. Organ Systems

A. Overview of the Major Organ Systems

1. Eleven organ systems (integumentary, muscular, skeletal, nervous, endocrine, circulatory, lymphatic, respiratory, digestive, urinary, and reproductive) contribute to the survival of the living cells of the vertebrate body.

2. Each organ system contributes to the survival of all of the living cells of the body by integrating its function(s) into the whole.

B. Tissue and Organ Formation

1. Egg and sperm (from germ cells) unite to form a zygote.

2. Repeated mitotic cell divisions result in three "primary" tissues:

a. Ectoderm gives rise to skin and nervous system.

b. Mesoderm forms muscle, bone, circulatory, reproductive, and urinary systems.

c. Endoderm forms the gut.

VII. Homeostasis and Systems Control

A. Concerning the Internal Environment

1. The trillions of cells in our bodies must draw nutrients and dump wastes into the same fluid.

2. The extracellular fluid consists of interstitial fluid (between the cells and tissues) and plasma (blood fluid).

3. The component parts of an animal work together to maintain the stable internal environment required for life.

B. Mechanisms of Homeostasis

1. Homeostatic mechanisms operate to maintain chemical and physical environments within tolerable limits.

2. Homeostatic control mechanisms require three components:

a. Sensory receptor cells detect specific changes (stimuli) in the environment.

b. Integrators (brain and spinal cord) act to direct impulses to the place where a response can be made.

c. Effectors (muscles and glands) perform the appropriate response.

3. A common homeostatic mechanism is negative feedback.

a. It works by detecting a change in the internal environment that brings about a response that tends to return conditions to the original state.

b. It is similar to the functioning of a thermostat in a heating/cooling system.

4. Positive feedback mechanisms may intensify the original signal; sexual arousal is an example.




CHAPTER 29: Integration and Control: Nervous Systems


Why Crack the System?

A. Crack, a cheap, potent form of cocaine, disrupts synapses by overstimulating the postsynaptic cells.

B. Under the influence of this drug, normal impulses to eat and sleep are suppressed, but feelings of pleasure rise.

C. The nervous system monitors the body and allows responses to be made.

1. The neuron, or nerve cell, is the basic unit of communication in vertebrate nervous systems.

2. Three classes of neurons work together:

a. Sensory neurons are receptors for specific sensory stimuli.

b. Interneurons in the brain and spinal cord integrate input and output signals.

c. Motor neurons send information from integrator to muscle or gland cells (effectors).

3. Neuroglia cells protect, support, and assist neurons.

I. Neurons–The Communication Specialists

A. Functional Zones of a Neuron 

1. The cell body contains the nucleus and metabolic machinery for protein synthesis.

2. Dendrites are numerous, usually short extensions that receive stimuli (input zones).

3. An axon is usually a single, rather long extension (conducting zone) that transmits impulses to other cells at its branched endings(output zones); signals actually arise in trigger zones.

B. A Neuron at Rest, Then Moved to Action

1. A neuron at rest maintains a steady voltage difference across its plasma membrane.

a. The inside is more negatively charged than the outside.

b. This is called the resting membrane potential.

2. When a neuron receives signals, an abrupt, temporary reversal–the inside becomes more positive–in the polarity is generated (an action potential).

3. Any membrane that can produce action potentials is said to show membrane excitability.

C. Restoring and Maintaining Readiness

1. Two properties of the neuron membrane permit a resting potential:

a. The lipid bilayer bars the free passage of potassium ions and sodium ions.

b. Ions can flow from one side to the other through channels in transport proteins.

2. There are more potassium ions inside and more sodium ions outside the resting neuron membrane.

a. Potassium ions have a tendency to leak out by facilitated diffusion through channel proteins.

b. Most of the sodium channels are "gated" and remain closed most of the time, keeping the concentration outside high.

c. However, small amounts of sodium do leak in and must be pumped out (and potassium pumped in) by the sodium-potassium pump.

II. A Closer Look at Action Potentials

A. Approaching Threshold

1. "Graded" means that the signals at the input zone vary in magnitude depending on the intensity and duration of the stimulus.

2. "Local" means the signal does not usually spread beyond the input zone; however, if the stimulation is strong enough, an adjacent trigger zone may respond.

3. When a stimulus reaches a certain minimum–a threshold-gated channels open and sodium rushes in.

a. In an accelerating way, more and more gates open (example of positive feedback).

b. At threshold, the opening of more gates no longer depends on the stimulus but is self-propagating.

B. An All-or-Nothing Spike

1. Action potentials are all-or-nothing events.

2. When depolarization in one region is ended, the sodium gates close and potassium gates open.

3. The sodium-potassium membrane pumps also become operational to fully restore the resting potential.

C. Propagation of Action Potentials

1. The action potential is self-propagating and moves away from the stimulation site to adjacent regions of the membrane undiminished.

2. A brief (refractory) period follows at each depolarization site–sodium gates shut, potassium gates open–during which the membrane is insensitive to stimulation.

III. Chemical Synapses

A. A chemical synapse is a junction between a neuron and an adjacent cell, separated by a synaptic cleft into which a neurotransmitter substance is released.

1. The neuron that releases the neurotransmitter molecules into the cleft is called the presynaptic cell.

a. First, gated protein channels open to allow calcium ions to enter the neuron.

b. Calcium causes the vesicles to fuse with the membrane and release the transmitter substance into the cleft.

2. The neurotransmitter binds to receptors on the membrane of the postsynaptic cell.

a. Neurotransmitters may have excitatory effects if they drive a cell’s membrane to the threshold of an action potential.

b. Neurotransmitters may have inhibitory effects if they help drive the membrane away from threshold.

3. Acetylcholine is the transmitter at neuromuscular junctions.

B. A Smorgasbord of Signals

1. Serotonin acts on brain cells to govern sleeping, sensory perception, temperature regulation, and emotional states.

2. Norepinephrine apparently affects brain regions concerned with emotions, dreaming, and awaking.

3. Dopamine is the specialty of neurons in brain regions dealing with emotions.

4. GABA is the most common inhibitory signal in the brain

5. Neuromodulators are substances enhance or reduce membrane responses in target neurons; endorphins inhibit perceptions of pain.

C. Synaptic Integration

1. Excitatory and inhibitory signals compete at the input zone.

a. An excitatory postsynaptic potential (EPSP) is a summation of signals that brings the membrane closer to threshold (depolarizing effect).

b. An inhibitory postsynaptic potential (IPSP) drives the membrane away from threshold by a hyperpolarizing effect.

2. In synaptic integration, competing signals that reach the input zone are reinforced or dampened, sent on or suppressed.

D. How Is Neurotransmitter Removed From the Synaptic Cleft?

1. Neurotransmitter molecules must be removed promptly from the synaptic cleft.

2. Some molecules diffuse out; acetylcholinesterase degrades many; others are actively pumped back into the presynaptic cells by membrane transport proteins.

IV. Paths of Information Flow

A. Blocks and Cables of Neurons

1. Neuron circuits or pathways will determine the direction a signal will travel.

a. In the brain, neurons are organized into regional blocks that receive, integrate, and then send out signals.

b. The circuits may be divergent, convergent, or reverberating.

2. Signals between brain or spinal cord and body regions travel by nerves.

a. Axons of sensory neurons, motor neurons, or both, are bundled together in a nerve.

b. Within the brain and spinal cord, such bundles are called nerve pathways, or "tracts."

3. Many axons are covered by a myelin sheath derived in part from Schwann cells.

a. Each section of the sheath is separated from adjacent ones by a node where the axon membrane (plentiful in gated sodium channels) is exposed.

b. The action potentials jump from node to node, which is fast and efficient.

B. Reflex Arcs

1. Reflexes are simple, stereotyped movements made in response to sensory stimuli.

2. In the simplest reflex, the reflex arc, sensory neurons directly synapse on motor neurons.

a. In the stretch reflex, receptors of sensory neurons (muscle spindles) transmit impulses to the spinal cord where direct synapses with motor neurons occur.

b. In the withdrawal reflex, interneurons in the spinal cord can activate or suppress motor neurons as necessary for a coordinated response.

V. Focus On Health: Skewed Information Flow

VI. Invertebrate Nervous Systems

A. The more complex the life-style of an animal, the more elaborate are its modes of receiving, integrating, and responding to information in the external and internal worlds.

B. Regarding the Nerve Net

1. A network of sensory cells, nerve cells, and contractile epithelial cells makes up the nerve net in the radially symmetrical cnidarians.

2. Reflex pathways result in simple, stereotyped movements that provide the basic operating machinery of nervous systems such as the nerve net.

C. On the Importance of Having a Head

1. Flatworms are the simplest animals with bilateral symmetry, which is reflected in their arrangement of muscles and nerves.

a. The nervous system includes two longitudinal nerve cords, associated ganglia, and nerves.

b. Some flatworms have a small brainlike clump of nervous tissue at the head end of the nerve cords. (an example of cephalization).

2. Perhaps this arrangement evolved from the nerve net of cnidarian planula larvae.

3. Cephalization is the evolutionary result of the layering of more and more nervous tissue over reflex pathways of ancient origin.

VII. Vertebrate Nervous Systems–An Overview

A. Evolutionary Highpoints

1. As vertebrate evolution proceeded, simple reflex pathways yielded to more complex pathways with expanded brain capacity.

2. The oldest parts of the vertebrate brain still deal with reflex coordination (brain stem), but in the newer brain regions interneurons receive, store, and retrieve information all the while weighing possible responses.

3. The neural tube persists in all vertebrate embryos, undergoing expansion to form the brain and spinal cord along with associated nerves.

B. Functional Divisions of the Vertebrate Nervous System

1. The central nervous system includes the brain and spinal cord.

2. The peripheral nervous system includes all of the nerves carrying signals to and from the brain and spinal cord.

VIII. The Major Expressways

A. Peripheral Nervous System

1. Somatic and Autonomic Subdivisions

a. The human peripheral system has two types of nerves based on location:

1) Spinal nerves (31 pairs) connect with the spinal cord and innervate most areas of the body.

2) Cranial nerves (12 pairs) connect vital organs directly to the brain.

b. Spinal and cranial nerves can also be classified on the basis of function:

1) The somatic nerves relay sensory information from receptors in the skin and muscles and motor commands to skeletal muscles (voluntary control).

2) The autonomic nerves sends signals to and from smooth muscles, cardiac muscle, and glands (involuntary control).

2. The Sympathetic and Parasympathetic Nerves

a. Parasympathetic nerves tend to slow down body activity when the body is not under stress.

b. Sympathetic nerves increase overall body activity during times of stress, excitement, or danger; they also call on the hormone epinephrine to increase the "fight-flight" response.

B. The Spinal Cord

1. The spinal cord is a pathway for signal travel between the peripheral nervous system and the brain.

a. The cord is also the center for controlling some reflex actions.

b. The spinal cord (and also the brain) is covered with tough membranes–the meninges–and resides within the protection of the stacked vertebrae.

2. Signals move up and down the spinal cord in bundles of sheathed axons.

a. The tracts located on the periphery of the spinal cord glisten because of their myelin sheaths and are called white matter.

b. The central, butterfly-shaped area (in cross-section) consists of unsheathed axons, dendrites, and cell bodies and is called gray matter.

IX. The Vertebrate Brain

A. Functional Divisions

1. The hindbrain is the region where spinal cord and brain join.

a. The medulla oblongata has influence over respiration, blood circulation, motor response coordination, and sleep/wake responses.

b. The cerebellum acts as reflex center for maintaining posture and coordinating limbs.

c. The pons ("bridge") possesses bands of axons that pass between brain centers.

2. The midbrain lies between the hindbrain and forebrain.

a. The midbrain originally coordinated reflex responses to visual input; the tectum still integrates visual and auditory signals in vertebrates such as amphibians and reptiles.

b. In mammals it is now mostly a pathway switching center.

3. The forebrain has undergone the greatest evolution.

a. The large olfactory lobes dominated early vertebrate forebrains.

b. The cerebrum integrates sensory input and selected motor responses.

c. The thalamus (below cerebrum) relays and coordinates sensory signals.

d. The hypothalamus monitors internal organs and influences responses to thirst, hunger, and sex.

4. The reticular formation is an ancient mesh of interneurons that extends from the uppermost part of the spinal cord, through the brain stem, and into the cerebral cortex.

5. The human cerebrum (housed in a chamber within the skull bones) is divided into left and right cerebral hemispheres.

a. The two halves communicate with each other by means of nerve tracts called the corpus callosum.

b. The left hemisphere deals with speech, math, and analytical skills; the right half controls nonverbal skills, such as music.

c. The thin surface (cerebral cortex) is gray matter, composed of the cell bodies of interneurons, which lie above the axons below.

d. Each cerebral hemisphere is divided into four lobes:

1) The occipital lobe, which is located in the rear, has centers for vision.

2) The temporal lobe, near each temple, is a processing center for hearing and houses centers for influencing emotional behavior.

3) The parietal lobe contains the somatosensory cortex–the main receiving area for signals from the skin and joints.

4) The frontal lobe includes the motor cortex, which coordinates instructions for motor responses.

6. Our emotions are governed in part by the limbic system, which is evolutionarily related to the olfactory lobes.

B. Brain Cavities and Canals

1. Cerebrospinal fluid fills the canals and cavities of the brain and spinal cord, bathing the cells and tissues.

2. The blood-brain barrier protects the brain and spinal cord by forcing materials to pass through cells which act as regulators of substances reaching the brain.

X. Memory

A. "Memory" is the storage and retrieval of information about previous experiences.

1. Association is the linkage of information into larger packages that can be sent to other brain regions for storage.

2. Information becomes stored in "memory traces"–chemical and structural changes in brain regions.

a. Short-term memory lasts from seconds to hours and is limited to seven to eight bits of information.

b. Long-term memory is more permanent and seems to be limitless.

3. Persons suffering from retrograde amnesia lose short-term memory, but long-term memory remains intact.

B. Information is moved into long-term storage with the cooperation of epinephrine, which increases a person’s state of arousal.

XI. Focus on Health: Drugging the Brain





CHAPTER 30: Sensory Reception


Different Stokes for Different Folks

A. Specialized receptors permit animals to respond to different stimuli.

1. Bats are mammals with a unique ability to navigate and hunt in the darkness using echolocation, a form of radar, to accomplish astonishing feats.

2. The python uses thermoreceptors to detect body heat of its prey.

B. A sensation is conscious awareness of a stimulus; a perception is an understanding of what the sensation means.

C. There are several types of sensory receptors:

1. Mechanoreceptors detect changes in pressure, position, or acceleration; they include receptors for touch, stretch, hearing, and equilibrium.

2. Thermoreceptors detect radiant energy, including infrared.

3. Pain receptors (nociceptors) detect tissue damage.

4. Chemoreceptors detect ions or molecules; they include olfactory and taste receptors.

5. Osmoreceptors detect changes in water volume.

6. Photoreceptors detect the energy of visible and ultraviolet light.

I. Overview of Sensory Pathways

A. Sensory receptors convert stimulus energy to action potentials.

1. Action potentials are similar but can be interpreted as different sensations because:

a. Different areas of the brain can interpret incoming signals to unique preprogrammed ways.

b. Strength of stimulation is determined by the frequency of neuron firing.

c. Stronger stimuli cause more neurons to depolarize.

2. Sensory systems receive stimuli and notify the brain by means of:

a. sensory receptors,

b. nerve pathways extending from receptors to the brain,

c. brain regions where sensory information is interpreted.

B. Sensory adaptation is a decrease in response to a stimulus because of constant stimulation.

C. Receptor types present in more than one body location contribute to somatic senses; other types restricted to particular locations are special senses. 

II. Somatic Sensations

A. Somatic sensations begin with receptors in the body’s surface tissues, skeletal muscles, and walls of internal organs.

1. Receptor inputs travel into the spinal cord and on into the somatosensory cortex of the brain.

2. Interneurons are positioned in map-like arrangement to receive and interpret the message sent by the receptor.

B. Somatic sensations include touch, pressure, temperature, and pain.

1. The simplest receptors are free nerve endings.

2. Encapsulated receptors common near the body surface include:

a. Meissner’s corpuscles, which adapt very slowly to low-frequency vibrations.

b. The bulb of Krause, which is a thermoreceptor.

c. Ruffini endings respond to steady touching and pressure and elevated temperatures.

d. Pacinian corpuscles, which can detect rapid pressure changes.

III. Senses of Hearing and Balance

A. Inner Ear Functions

1. The sense of balance depends on the organs of equilibrium that incorporate hair cells that fire off action potentials when bent.

2. The vestibular apparatus is a closed system of fluid-filled sacs and canals inside the ear.

3. Overstimulation of the hair cells of the vestibular apparatus can result in motion sickness.

B. Properties of Sound

1. Acoustical receptors are mechanoreceptors that can respond to vibrations, wavelike forms of mechanical energy that show amplitude (loudness) and frequency (pitch).

2. In invertebrates, vibrations directly stimulate mechanoreceptors attached to a membrane somewhere on the body.

C. Evolution of the Vertebrate Ear

1. The external ear functions to collect sound waves.

2. The middle ear has regions to amplify and transmit sound waves to the inner ear.

3. Membrane vibrations cause a fluid inside the cochlea of the inner ear to be displaced, which in turn causes mechanoreceptors (hair cells) to bend and result in the firing of action potentials, which are sent to the brain for interpretation.

IV. Sense of Vision

A. Vision requires eyes (photoreceptors) and a neural program in the brain that can interpret the patterns of action potentials.

B. A Sampling of Invertebrate Eyes

1. Many invertebrates have photoreceptor cells that detect changes in light intensity but do not form images.

2. Insects and crustaceans have compound eyes with numerous photosensitive units (ommatidia) each capable of sampling a portion of the visual field to assemble a visual mosaic.

3. Squids and octopuses have image-forming eyes each with a lens, cornea, and retina.

C. Vertebrate Eyes

1. The components of the eye are as follows:

a. A dense white sclera covers the eyeball.

b. A curved, transparent cornea forms the front cover.

c. A light-sensitive retina is at the back of the eye.

d. A transparent lens focuses the light rays.

e. Aqueous body and vitreous body bathe the interior.

f. Choroid layer inside prevents light scattering.

g. Iris adjusts the pupil size.

2. Because of the bending of the light rays by the cornea, visual accommodation must be made by the lens so that the image is in focus on the retina.

a. In fish and reptiles, the lens is moved forward and back (like a camera lens) to focus.

b. In birds and mammals, the ciliary muscle changes the shape of the lens to focus.

V. Visual Perception

A. Photoreceptors, linked to neurons, are located in the retina.

1. Rods are sensitive to dim light and detect changes in light intensity.

2. Cones respond to high-intensity light, contribute to sharp daytime vision, and detect colors.

B. The sense of vision is the result of processing the information through levels of synapsing neurons.

1. Stimulation begins in the rods and cones, then moves to bipolar sensory neurons, then to ganglion cells whose axons form the optic nerves that lead to the brain’s visual cortex.

2. Before leaving the retina, signals flow among other cells, which dampen or enhance the signals.

C. Neurons respond to light.

1. Each rod cell contains molecules of rhodopsin that can be altered by light, resulting in voltage changes in membranes.

2. Cone cells carry each carry a different pigment for red, green, and blue colors; cone cells at the fovea (center of retina) provide the greatest visual acuity.

3. Ganglion cells form restricted areas of the retinal surface called "receptive fields" which respond best to small spots of light.

4. Axons of the two optic nerves end in the lateral geniculate nucleus of the brain, where the positions of the receptive fields correspond to those of the retina; final interpretation of sight occurs in the visual cortex.

VI. Senses of Taste and Smell

A. Chemical senses start at receptors that bind chemical substances.

1. Taste receptors respond to chemicals in fluids.

2. Olfactory receptors detect volatile substances.

B. The vomeronasal organ has receptors for pheromones, a type of signaling molecule with roles in the social aspects of reproduction.

CHAPTER 31: Endocrine Control


Hormone Jamboree

A. Sex hormones regulate the reproductive cycle of chimpanzees, making them not only fertile but also very attractive to the opposite sex.

B. Because of their attractiveness to males, females reap benefits of additional food and increased social standing.

I. The Endocrine System

A. Hormones and Other Signaling Molecules

1. Signaling molecules are hormones and secretions that can bind to target cells and elicit in them a response.

2. There are four main types of signaling molecules:

a. Hormones are secreted from endocrine sources and some neurons, and are then transported by the blood to remote targets.

b. Neurotransmitters are secreted from neurons and act on immediately adjacent target cells for a short time.

c. Local signaling molecules are secreted from cells of many different tissues; they act locally and are swiftly degraded.

d. Pheromones, which are secreted by exocrine glands, have targets outside the body; they integrate social activities between animals.

B. Discovery of Hormones and Their Sources

1. In the early 1900s, Bayliss and Starling first demonstrated that a hormone (later named secretin) released into the blood triggers secretion of pancreatic juices.

2. Starling coined the word hormone for internal secretions released into the bloodstream that influence the activities of other tissues and organs.

3. The sources of hormones may be collectively called the "endocrine system," which shows intimate connections with the nervous system.

II. Signaling Mechanisms

A. The Nature of Hormonal Action

1. Hormones interact with receptors on target cells to stimulate or inhibit cell activity.

2. A target cell’s response to a hormone is dependent on two factors:

a. Different hormones activate different cellular response mechanisms.

b. Not all cells have receptors for all hormones; the cells that respond are selected by means of the type of receptor they possess.

B. Characteristics of Steroid Hormones

1. Steroid hormones, assembled from cholesterol, are lipid-soluble and therefore cross plasma membranes readily.

a. Steroids stimulate or inhibit protein (especially enzyme) synthesis by switching certain genes on or off.

b. They easily diffuse through the lipid bilayer of the plasma membrane, bind to chromosomal proteins in the nucleus, and then activate transcription.

2. Testosterone is the male hormone with receptors throughout the body; however, in testicular feminization syndrome, none of the target cells respond correctly, so the XY individual develops female characteristics.

B. Characteristics of Peptide Hormones

1. Peptide hormones include amines, peptides, proteins, and glycoproteins. 

a. Protein hormones and other water-soluble signaling molecules cannot cross the plasma membrane of target cells so they must first bind to a receptor on the plasma membrane.

b. The hormone-receptor complex activates transport proteins or triggers the opening of gated channel proteins that span the membrane.

2. The hormone-receptor complex may stimulate the production of cyclic AMP, a "second messenger" which amplifies the signal by activating numerous enzymes.

III. The Hypothalamus and Pituitary Gland

A. The hypothalamus and pituitary gland work jointly as the neural-endocrine control center.

1. The hypothalamus is a portion of the brain that monitors internal conditions and emotional states.

2. The pituitary is a pea-sized gland connected to the hypothalamus by a stalk.

a. The posterior lobe of the pituitary consists of nervous tissue and releases two neurohormones made in the hypothalamus.

b. The anterior lobe consists of glandular tissue and secretes six hormones and controls the release of others.

c. An intermediate lobe (not in humans) produces secretions that induce color changes in fur color of vertebrates.

B. Posterior Lobe Secretions

1. The axons of neuron cell bodies in the hypothalamus extend down into the posterior lobe of the pituitary.

2. Two hormones are released into the capillary bed: 

a. Antidiuretic hormone (ADH) acts on the walls of kidney tubules to control the body’s water and solute levels.

b. Oxytocin triggers uterine muscle contractions to expel the fetus and acts on mammary glands to release milk.

C. Anterior Lobe Secretions

1. The anterior lobe releases six hormones that stimulate ("tropic") other endocrine glands:

a. Corticotropin (ACTH) stimulates the adrenal cortex.

b. Thyrotropin (TSH) stimulates the thyroid gland.

c. Follicle-stimulating hormone (FSH) stimulates egg formation in females and sperm formation in males.

d. Luteinizing hormone (LH) also acts on the ovary to release an egg and on the testes to release sperm.

e. Prolactin acts on the mammary glands to sustain milk production.

f. Somatotropin (STH), or growth hormone (GH), acts on body cells in general to promote growth.

2. The hypothalamus produces releasing and inhibiting hormones that target the anterior pituitary.

IV. Examples of Abnormal Pituitary Output

A. The body does not produce large quantities of each hormone.

B. But experience has shown that the amounts, no matter how tiny, are critical to normal body functioning.

1. In childhood, too little STH can cause pituitary dwarfism, while too much causes gigantism.

2. Oversecretion of STH in adulthood causes a thickening of skin and bones called acromegaly.

3. Damage to the posterior pituitary can result in a decrease of ADH, causing diabetes insipidus.

V. Sources and Effects of Other Hormones

A. When considering the actions of hormones, three points are relevant:

1. Hormones interact to oppose (antagonistic), add to (synergistic), or prime (permissive interaction) target cells for another hormone’s effects.

2. Many hormones are linked to the neural-endocrine control center by homeostatic feedback loops.

3. The response of target cells depends on the number of their receptors and the concentration of the hormone.

4. Environmental cues govern some hormonal secretions.

B. [Consult Table 31.3 for hormone source, secretion(s), main targets, and primary actions.]

VI. Feedback Control of Hormonal Secretions

A. Negative Feedback From the Adrenal Cortex

1. One adrenal gland is located on top of each kidney.

2. Among the secretions of the outer portion are the glucocorticoids such as cortisol, which helps control blood glucose levels.

a. Cortisol secretion is an example of a homeostatic feedback loop.

b. When blood levels of glucose fall (as in hypoglycemia), the hypothalamus releases CRH ––> anterior pituitary ––> ACTH ––> adrenal cortex ––> cortisol, which prevents muscle cells from withdrawing glucose from the blood.

c. When the body is stressed, as in painful injury, the nervous system provides an override mechanism in which the levels of cortisol remain high to promote healing.

B. Local Feedback in the Adrenal Medulla

1. This inner portion secretes epinephrine and norepinephrine under direction from sympathetic nerves from the hypothalamus.

2. Its secretions mobilize the body during times of excitement or stress ("fight-or-flight" response).

C. Cases of Skewed Feedback From the Thyroid

1. The human thyroid gland lies at the base of the neck in front of the trachea.

2. Its hormones, thyroxine and triiodothyronine, influence metabolic rates, growth, and development.

a. These two hormones contain critical amounts of iodine.

b. If the blood levels of iodine are too low, the pituitary responds with too much TSH causing the thyroid gland to enlarge abnormally in what we call a goiter.

3. Hypothyroidism in adults results in lethargy and weight gain.

4. Hyperthyroidism increases heart rate and blood pressure and causes weight loss.

D. Feedback Control of the Gonads

1. The ovaries and testes–gonads–produce gametes and hormones governing reproduction via homeostatic feedback loops.

2. Sex hormones also influence secondary sexual traits.

VII. Responses to Local Chemical Changes

A. Secretions From Parathyroid Glands

1. These glands are embedded in the thyroid gland and respond to the changing levels of calcium in the blood.

a. A drop in calcium level causes parathyroid hormone (PTH) levels to rise, resulting in removal of calcium from bone and an activation of vitamin D (to help in calcium absorption from the gut).

b. When calcium levels rise, the PTH levels are reduced.

2. Calcitonin from the thyroid gland acts antagonistically to PTH and promotes deposition of calcium in bones [this information is from Table 37.3].

B. Effects of Local Signaling Molecules

1. Prostaglandins are produced in tissues throughout the body; their actions remain localized near the site of secretion.

2. Epidermal growth factor (EGF) influences the growth of many cell types.

3. Nerve growth factor (NGF) promotes growth and survival of neurons in the developing embryo.

C. Secretions From Pancreatic Islets

1. The pancreas is dual function gland; its exocrine function is to secrete digestive enzymes.

2. Certain cells within the pancreas have an endocrine function:

a. Alpha cells secrete glucagon, which causes glycogen stored in the liver to be converted to glucose, raising its levels in the blood.

b. Beta cells secrete insulin, which stimulates the uptake of glucose by liver, muscle, and adipose to reduce glucose levels in the blood, especially after a meal.

c. Delta cells secrete somatostatin, which can inhibit the secretion of glucagon and insulin.

3. Diabetes mellitus is a disease resulting from imbalances of insulin; its effects include weight loss, ketone production, water-solute problems, and possible death.

a. In type 1 diabetes, insulin is no longer produced because the beta cells have been destroyed by an autoimmune response; treatment is by insulin injection.

b. In type 2 diabetes, the insulin levels are near normal but the target cells cannot respond to the hormone; controlling diet is an effective treatment.

VIII. Hormonal Responses to Environmental Cues

A. Daylength and the Pineal Gland

1. Located in the brain, this gland is sensitive to light and seasonal influences.

2. In the absence of light, melatonin is secreted; thus in winter, high levels of the hormone are instrumental in suppressing reproductive activity in hibernating animals.

3. Decreased melatonin secretion in humans might help trigger the onset of puberty.

B. Comparative Look at a Few Invertebrates

1. Molting in arthropods is controlled by hormones.

2. Ecdysone promotes molting in insects; juvenile hormone retards the same process.

VI. Senses of Taste and Smell

A. Chemical senses start at receptors that bind chemical substances.

1. Taste receptors respond to chemicals in fluids.

2. Olfactory receptors detect volatile substances.

B. The vomeronasal organ has receptors for pheromones, a type of signaling molecule with roles in the social aspects of reproduction





CHAPTER 32: Protection, Support, and Movement


Of Men, Women, and Polar Huskies

A. Polar husky dogs are the heroes of polar crossings because of their study leg bones, strong muscles, heavy fur coat, and endurance.

B. Humans are not naturally well adapted for such harsh conditions so must dress and train accordingly.

I. Vertebrate Skin

A. The skin has several functions:

1. The skin covers and protects the body from abrasion, bacterial attack, ultraviolet radiation, and dehydration.

2. It helps control internal temperature.

3. Its vessels serve as a blood reservoir for the body.

4. The skin produces vitamin D required for calcium metabolism.

5. Its receptors are essential in detecting environmental stimuli.

B. Vertebrate has two main regions:

1. The thin, outermost layers of cells are called epidermis.

a. Keratinization of epidermal cells turns them into dead bags of keratin, conferring waterproofing.

b. Three pigments–melanin, hemoglobin, and carotene–contribute to skin color.

2. The underlying dermis is mostly dense connective tissue.

a. It cushions the body against everyday stretching and mechanical stresses.

b. Blood and lymph vessels, and nerve endings are located here.

c. Sweat glands control skin temperature; oil glands lubricate and soften the skin.

d. Hair grows from follicles embedded in the dermis.

3. The skin is anchored to an underlying hypodermis, which also stores fat.

II. Focus on Health: Sunlight and Skin

III. Skeletal Systems

A. The skeleton is involved in movement of the animal body.

1. An animal moves its body or parts of it during the activities of life.

2. The actions of muscles can bring about these movements only by applying force against some medium, such as a skeletal system.

B. Three types of skeletal systems are found in animals:

1. In a hydrostatic skeleton, muscles work against an internal body fluid (example: sea anemone).

2. In an exoskeleton, muscles are anchored to rather inflexible external plates which articulate with moveable parts such as wings (example: house fly).

3. Vertebrates have endoskeletons of cartilage (e.g. sharks) or bone (e.g. humans).

4. The 206 bones of a human are distributed in two portions:

a. The axial skeleton includes the skull, vertebrae (individual bones separated by cartilaginous intervertebral disks), ribs, and sternum.

b. The appendicular skeleton consists of the pectoral girdle with attached upper limbs, and the pelvic girdle with lower limbs.

IV. Characteristics of Bone

A. Bone Structure and Function

1. Bones have several functions:

a. The bones are moved by muscles; thus the whole body is movable.

b. Bones protect vital organs such as brain and lungs.

c. The bones support and anchor muscles.

d. Bone tissue acts as a depository for calcium, phosphorus, and other ions.

e. Parts of some bones are sites of red blood cell production.

2. Bone structure is varied.

a. There are four types of bones: long (arms), short (wrist), flat (skull), and irregular (vertebrae).

b. Bone is a connective tissue with living cells and collagen fibers distributed throughout a ground substance that is hardened by calcium salts.

c. "Compact" bone tissue has lamellae surrounding Haversian canals, which contain blood vessels and nerves.

d. "Spongy" bone tissue may have red marrow that produces blood cells; adults have reserve yellow marrow consisting largely of fat.

3. Bone tissue turnover results in constant renewal of bone.

a. Bone is renewed as minerals are deposited and withdrawn during the growth and development processes as well as in maintenance of body calcium levels.

b. Bone turnover helps to maintain calcium levels for the entire body; enzymes from bone cells dissolve bone tissue and release calcium to the interstitial fluid and blood.

c. Osteoporosis (decreased bone density) is associated with decreases in osteoblast activity, sex hormone production, exercise, and calcium uptake.

B. Skeletal Joints

1. Joints are areas of contact or near-contact between bones.

a. Fibrous joints have no gap between the bones and hardly move; flat cranial bones are an example.

b. Cartilaginous joints (such as intervertebral disks) are held together by cartilage and can move only a little.

c. In synovial joints, long straps of connective tissue called ligaments bridge the gap between bones.

2. Some joints move more freely (fluid helps), but gradually the cartilage may wear away (osteoarthritis).

3. In rheumatoid arthritis, the synovial membrane becomes inflamed, the cartilage degenerates, and bone is deposited into the joint.

V. Skeletal-Muscular Systems

A. How Muscles and Bones Interact 

1. Skeletal muscles are really bundles of individual muscle cells (fibers).

2. Connective tissue bundles muscle cells in parallel and extends beyond them to form tendons, which attach muscle to bone.

3. The human body’s skeletal muscles are arranged in pairs or groups.

a. Some work together; others operate antagonistically.

b. The skeleton and muscles operate like a system of levers.

4. Because most muscle attachments are located close to joints, only a small contraction is needed to produce considerable movement of some body part.

5. Other types of muscle include smooth muscle, which occurs in internal organs such as the stomach and intestine, and cardiac muscle, which is found only in the walls of the heart.

B. Human Skeletal-Muscular System

1. The human body has more than 600 skeletal muscles.

2. Some of the major muscles are named in Figure 32.14.

VI. A Closer Look at Muscles

A. Skeletal Muscle Structure and Function

1. When a muscle shortens, it is because the component muscle cells, and their units of contraction (sarcomeres) are also shortening.

2. Within each muscle cell are myofibrils composed of thin (actin), and thick (myosin) filaments.

a. Each actin filament is actually two beaded strands of protein twisted together.

b. Each myosin filament is a protein with a head and long tail.

3. All of the sarcomeres and their component myofibrils contract in parallel.

B. Muscles contract according to the sliding-filament model:

1. Within each sarcomere there are two sets of actin filaments, which are attached on opposite sides of the sarcomere; myosin filaments lie suspended between the actin filaments.

2. During contraction, the myosin filaments physically slide along and pull the two sets of actin filaments toward each other at the center of the sarcomere.

a. Cross-bridges form between the heads of myosin molecules and actin filaments.

b. When a myosin head is energized, it attaches to an adjacent actin filament and tilts in a power stroke toward the sarcomere’s center.

c. Energy from ATP drives the power stroke as the heads pull the actin filaments along.

d. A single contraction of a sarcomere involves multiple power strokes.

C. Sources of Energy for Contraction

1. Creatine phosphate serves as a ready source for ATP reformation by donating its phosphate to ADP.

2. ATP via aerobic respiration first relies on muscle glycogen then on blood glucose.

3. Under prolonged exercise, muscle cells call on anaerobic routes for small, but necessary, additional amounts of ATP.

VII. Control of Muscle Contraction

A. Skeletal muscles contract in response to signals from the nervous system.

1. Motor neurons deliver signals that trigger action potentials along the plasma membrane and into the interior of the muscle cell.

2. The muscle cell membrane is excitable, which means there is a sudden reversal of the charge (action potential) due to a flow of ions across the membrane.

3. Eventually the signal reaches the sarcoplasmic reticulum (internal tubes), which responds by releasing stored calcium ions that will bind to the actin allowing cross-bridges to form.

4. A muscle relaxes when calcium ions are actively taken up after contraction to be stored in the sarcoplasmic reticulum.

B. The proteins tropomyosin and troponin, in conjunction with calcium ions, control the binding of myosin to actin.

VIII. Properties of Whole Muscles

A. Muscle Tension and Muscle Fatigue

1. The cross-bridges that form during contraction exert muscle tension, a force that resists gravity.

a. When muscle tension is greater than the forces opposing it, contracting cells shorten.

b. When opposing forces are stronger, muscle cells lengthen.

c. An isometrically contracting muscle develops tension but doesn’t shorten.

d. An isotonically contracting muscle shortens and moves a load.

2. A muscle’s tension depends on cross-bridge formation and the number of cells recruited into action.

3. A motor neuron and the muscle cells under its control is a motor unit.

a. A brief muscle contraction is a muscle twitch.

b. Rapid stimulation results in a constant state of contraction (tetanus).

c. Muscle fatigue results from continued contraction.

B. Effects of Exercise and Aging

1. With increased levels of contractile activity (exercise), muscle cells do not increase in number but they can increase in size and metabolic activity–and become more resistant to fatigue.

2. Aerobic exercise increases the number of mitochondria, which improves endurance.

2. Strength training affects fast-acting muscle cells to form more myofibrils and more enzymes of glycolysis; muscles increase in bulk but not in endurance.




CHAPTER 33: Circulation


Heartworks

A. Augustus Waller made the first recordings of a beating heart–using his dog Jimmie.

B. Today’s electrical wizardry can monitor the faintest signals and analyze them in minute detail.

I. Circulatory Systems–An Overview

A. General Characteristics

1. A circulatory system (interacting with interstitial fluid) is an internal transport system with three components:

a. Blood is a fluid tissue composed of water, solutes, and formed elements.

b. The heart is a muscular pump that generates pressure to keep the blood flowing.

c. Blood vessels are tubes of various diameters through which the blood is transported.

2. There are two basic types of circulatory systems:

a. Vertebrates have a closed system.

1) All the vessels and the heart are connected so blood remains enclosed.

2) Blood volume is constant; rate slows as blood moves through small-diameter capillaries in capillary beds.

b. Arthropods and most mollusks have an open system:

1) Blood is pumped from a heart into large tissue spaces where organs are "bathed."

2) Blood is returned to the heart at a leisurely rate.

B. Evolution of Vertebrate Circulatory Systems

1. In fishes blood flows in a single circuit, passing through a heart of two chambers.

2. In amphibians the heart is partially partitioned into right and left halves, permitting a partial separation into two circuits.

3. In birds and mammals, the right half of the heart pumps blood to the lungs in the pulmonary circuit; the left half pumps blood to the body systems in the systemic circuit.

C. Links With the Lymphatic System

1. Because of blood pressure, water and proteins "leak" from capillaries to become part of the interstitial fluid.

2. The lymphatic system of vessels returns fluid to the general circulation.

II. Characteristics of Blood

A. Functions of Blood

1. It carries oxygen and nutrients to cells and secretions and wastes away from them.

2. It helps stabilize internal pH.

3. It contains phagocytic cells that fight infection.

4. It equalizes body temperatures in birds and mammals.

B. Blood Volume and Composition

1. Humans have a blood volume of about 4-5 quarts.

2. Plasma (50-60% of blood volume)

a. This fluid portion of the blood is mostly water.

b. Some plasma proteins transport lipids and vitamins; others function in immune responses and blood clotting.

c. Plasma also contains ions, glucose, lipids, amino acids, vitamins, hormones, and dissolved gases.

3. Red Blood Cells (Erythrocytes)

a. In mammals, red blood cells are biconcave disks that transport oxygen.

b. Red blood cells contain hemoglobin–an iron-containing protein that binds with oxygen.

c. They form from stem cells in bone marrow, lose their nuclei, and live about 120 days.

d. The number of cells per microliter (about 5 million) is called the cell count.

4. White Blood Cells (Leukocytes) 

a. Leukocytes remove dead or worn-out cells and protect us against invading microbes and foreign agents.

b. Leukocytes are derived from stem cells in the bone marrow.

c. The five types of white blood cells are neutrophils, eosinophils, basophils, monocytes, and lymphocytes (B cells and T cells).

5. Platelets 

a. These are fragments of megakaryocytes produced by bone marrow stem cells.

b. They function in blood clotting.

III. Focus on Health: Blood Disorders 

IV. Blood Transfusion and Typing

A. Blood typing is necessary before a blood transfusion can be done.

1. All cells have surface proteins and other molecules that serve as markers.

2. Antibodies recognize markers on foreign cells.

3. If bloods of certain donors and recipients are mixed, agglutination (clumping) may occur.

B. ABO Blood Typing 

1. ABO blood typing is based upon surface markers on red blood cells.

2 Type A has A markers; type B has B markers; type AB has both markers; type O has neither marker.

C. Rh Blood Typing 

1. An Rh— person (lacks this marker) transfused with Rh+ blood (has this marker) will produce antibodies to the Rh marker.

2. There are risks in childbirth or pregnancy (erythroblastosis fetalis) if an Rh— woman bears a second Rh+ child.

3. Medical treatment (RhoGam) can inactivate the Rh antibodies.

V. Human Cardiovascular System

A. The general route of circulation is: heart –> arteries –> arterioles –> capillaries –> venules –> veins –> heart

B. Blood circulates through two circuits:

1. The human heart is a double pump propelling blood into the two cardiovascular circuits:

a. In the pulmonary circuit, oxygen-poor blood is pumped to the lungs from the right side of the heart and oxygen-rich blood is returned from the lungs to the left side.

b. In the system circuit, oxygen-rich blood is pumped from the left side of the heart to all the body.

2. Usually a given volume of blood in either circuit passes through only one capillary bed; an exception is blood from the digestive tract that passes through the liver before entering the general circulation.

VI. The Heart Is a Lonely Pumper

A. Heart Structure

1. The outer covering of the heart is the pericardium, which is partially a fluid-filled sac and the outer part of the heart wall.

2. The bulk of the heart wall is the heart muscle–myocardium–serviced by coronary circulation.

3. The heart is lined with a smooth endothelium.

4. Each half of the heart consists of an atrium (receiving) and a ventricle (pumping) separated by an atrioventricular valve.

5. Blood exits each ventricle through a semilunar valve.

B. Cardiac Cycle 

1. The cardiac cycle consists of a sequence of contraction (systole) and relaxation (diastole).

2. As the atria fill, the ventricles are relaxed.

3. Pressure of the blood in the atria forces the atrioventricular valves to open; the ventricles continue to fill as the atria contract.

4. The ventricles contract, the atrioventricular valves close, and blood flows out through the semilunar valves.

5. The heart sound "lub" is made by the closing of the AV valves; the "dup" sound is the closure of the semilunar valves.

C. Mechanisms of Contraction

1. Because of the interconnection of cardiac muscle cells, they contract in unison.

2. Excitation for a heartbeat is initiated in the sinoatrial (SA) node (cardiac pacemaker), then passes to the atrioventricular (AV) node for ventricular contraction.

3. The nervous system controls rate and strength of contraction.

VII. Blood Pressure in the Cardiovascular System

A. Blood pressure, the pressure generated by heart contractions, drops along the circuit due to energy loss from resistance.

B. Arterial Blood Pressure

1. Because of their elastic walls, arteries tend to "smooth out" the pressure changes associated with the discontinuous pumping cycle of the heart.

2. Arteries branch into smaller arterioles, where the greatest pressure drop occurs.

C. How Can Arterioles Resist Flow?

1. Normal systolic pressure is 120 mm of Hg; normal diastolic pressure is 80 mm; the measuring device is a sphygmomanometer.

2. Neural and endocrine signals cause changes in arteriole diameter by stimulating the muscle cells in the walls.

a. If the blood pressure increases, the arterioles are instructed to relax (vasodilation).

b. If the pressure decreases, the diameter of the arterioles decreases (vasoconstriction).

c. Hormones such as epinephrine and angiotensin also assist.

3. The nervous system and endocrine system also control the allocation of more or less blood to different body regions at different times.

4. Local conditions, such as need for more oxygen and nutrients in active skeletal muscle, cause changes in the rate of flow near those tissues.

D. Controlling Mean Arterial Blood Pressure

1. Cardiac output is influenced by controls over the rate and strength of heartbeats, and total resistance mainly by vasoconstriction at the arterioles.

2. Receptors for the baroreceptor reflex are located in the carotid arteries and aortic arch.

a. These receptors monitor blood pressure and send signals to a control center in the medulla oblongata.

b. In response the control center sends adjustment commands via sympathetic and parasympathetic nerves to the heart and blood vessels.

VIII. From Capillary Beds Back to the Heart

A. Capillary Function 

1. Capillaries are diffusion zones for exchanges between blood and interstitial fluid.

a. A capillary is the smallest and thinnest tube (red blood cells travel single file) in the path of circulation and is specialized for exchange of substances with interstitial fluid.

b. Total resistance is less than in arterioles so the drop in blood pressure is not as great.

c. Because the capillary wall has a thickness of only one cell, diffusion in and out is readily accomplished.

2. Concentrations of solutes and water in the blood and interstitial fluid influence the processes of ultrafiltration (out of the capillary) and reabsorption (back into the capillary).

B. Venous Pressure 

1. Capillaries merge into venules and then into veins, which lead back to the heart.

2. Blood pressure and resistance to flow are both low; valves prevent backflow; movement of adjacent skeletal muscles helps to propel blood in the veins.

3. Veins are blood volume reservoirs (50-60% of blood volume) because their walls can distend or contract.
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X. Hemostasis

A. Hemostasis repairs damage to blood vessels and tissues and prevents blood loss.

B. The process is sequential:

1. Spasm of the smooth muscle in the damaged blood vessel stops blood flow for a few minutes by constriction of the vessel.

2. Platelets clump to plug the rupture.

3. The blood coagulates and forms a clot; the clot then contracts.

XI. Lymphatic System

A. The lymphatic system returns excess fluid (lymph) to the bloodstream via transport tubes.

B. Lymph Vascular System

1. The lymph vascular system includes lymph capillaries and lymph vessels.

2. It returns excess water and proteins; transports fats; and brings foreign materials to the lymph nodes for disposal.

3. Lymph capillaries begin blindly in the tissues of the body; they lead to lymph vessels, which in turn lead to ducts that return the fluid to the bloodstream.

C. Lymphoid Organs and Tissues

1. They contain lymphocytes that help to fight infections.

2. The organs and functions include: 

a. The lymph nodes (with resident cells) located along the lymph vessels help remove bacteria and cellular debris.

b. The spleen removes spent RBCs, holds macrophages, and produces red blood cells in human embryos.

c. The thymus secretes hormones that regulate the activity of lymphocytes and is a site where they multiply and mature.




CHAPTER 34:Immunity


Russian Roulette, Immunological Style

A. In 1796, Jenner demonstrated that inoculation with cowpox could protect against smallpox.

B. Later, Pasteur developed similar vaccinations, which mobilized an immune response.

C. Robert Koch was able to link a specific pathogenic microorganism to a specific disease–anthrax.

I. Three Lines of Defense

A. Surface Barriers to Invasion [of pathogens]

1. Intact skin is an important barrier.

2. The normal microbial inhabitants of the gut, and vagina keep the growth of pathogens in check.

3. Ciliated, mucous membranes in the respiratory tract sweep out bacteria and particles.

4. Lysozymes, present in tears, saliva, and gastric fluid, degrade bacterial cell walls.

5. Urine, with its low pH and flushing action, keeps pathogens from the urinary tract.

B. Nonspecific and Specific Responses

1. Phagocytic cells and antimicrobial substances are in place to defend the body even before pathogens invade.

2. Nonspecific responses are made by leukocytes and plasma proteins to tissue damage in general; some pathogens are recognized by defenders that can make a specific response.

II. Complement Proteins

A. The complement system is a set of plasma proteins that enhance nonspecific and specific defense defenses.

B. About twenty kinds of complement proteins circulate in the blood in inactive form.

1. These proteins are activated in a cascading fashion when defenses are breached.

2. At least two mechanisms are known:

a. Some complement proteins form pore complexes which cause the pathogen to lyse and die.

b. Chemical gradients of proteins attract phagocytes to the scene.

III. Inflammation

A. The Roles of Phagocytes and Their Kin

1. White blood cells, produced from stem cells in bone marrow, not only circulate in blood and plasma, but also reside in lymph nodes, spleen, liver, kidneys, etc. where they stand ready to defend.

2. Three kinds are swift to act but do not mount a sustained attack:

a. Neutrophils, the most abundant, phagocytize bacteria.

b. Eosinophils secrete enzymes that punch holes in parasitic worms.

c. Basophils secrete histamine, which sustains inflammation.

3. Macrophages (formed from immature cells called monocytes) are slower to act but can engulf and digest just about any foreign agent or damaged tissue.

B. The Inflammatory Response

1. While complement proteins are being activated, basophils and mast cells secrete histamine, which promotes leakage of fluid out of capillaries.

2. Inflammatory response results include:

a. Localized warming and redness occur at the site of damage or invasion.

b. Fluid seeps from blood vessels causing swelling and delivery of infection-fighting proteins to the tissues.

c. Neutrophils and macrophages engulf foreign invaders and debris.

d. Clotting mechanisms help wall off the pathogen and promote repair of tissues.

3. Macrophages also secrete interleukins, which are communication signals among white blood cells but in addition can signal the brain to reset its "thermostat" to cause a fever (not necessarily a bad thing).

IV. The Immune System

A. Defining Features

1. Physical barriers and inflammation may not be enough to check the spread of an invader.

2. T and B lymphocytes of the vertebrate immune system may be needed.

a. Interactions among these cells are the basis of the vertebrate immune system.

b. This system shows specificity and memory, which involves three events:

1) Recognition of the antigen,

2) Repeated cell divisions,

3) Differentiation into subpopulations of effector and memory cells.

3. Lymphocytes will ignore the "self" markers on the body’s own cells but will respond to "nonself" markers (antigens) on foreign cells by dividing rapidly to form huge populations of effector cells and memory cells.

B. Antigen-Presenting Cells–The Triggers for Immune Responses

1. Located on the membranes of the body’s cells are proteins called MHC markers.

2. When antigens enter the body, they are engulfed and destroyed by macrophages but not completely–the antigen becomes attached to the MHC marker to form an MHC-antigen complex, which is then displayed on the macrophage’s surface.

3. Any cell that displays antigen with a suitable MHC marker is known as an antigen-presenting cell and will be noticed by lymphocytes.

C. Key Players in Immune Responses

1. Helper T cells recognize antigen-MHC complexes and respond by secreting substances that promote the formation of large populations of effector and memory cells.

2. Cytotoxic T cells destroy infected (viruses for example) body cells and tumor cells in what is referred to as cell-mediated immune responses.

3. B cells and their progeny (effector cells) produce antibodies, which are specific substances that tag targets for destruction; this is called the antibody-mediated response.

D. Control of Immune Responses

1. Antigen provokes an immune response, and removal of antigen stops it.

2. Inhibitory signals from cells with suppressor functions may also help shut down the immune response.

V. Lymphocyte Battlegrounds

A. Locations such as tonsils and lymph nodules allow antigen-presenting cells and lymphocytes to intercept invaders just after they penetrate surface barriers.

B. Before antigen can reach the blood, it must trickle through lymph nodes, which are packed with defending cells 

VI. Cell-Mediated Responses

A. T Cell Formation and Activation 

1. T lymphocytes arise from stem cells in the bone marrow and then travel to the thymus gland where the helper T and cytotoxic T cells complete their development by acquiring TCRs (T-Cell Receptors).

2. Virgin T cells ignore both unadorned MHC markers and free antigen, but they do recognize and bind with antigen-MHC complexes on antigen-presenting cells; this causes them to divide repeatedly to form clones.

B. Functions of Effector T Cells

1. The effector (clones) helper T cells secrete interleukins, which stimulate further cell divisions and differentiation.

2. The clones of cytotoxic T cells recognize the antigen-MHC complexes on infected cells and kill them by punching holes in their cell membranes with proteins called perforins.

3. The main targets of cell-mediated responses are cells infected with intracellular pathogens, tumor cells, and cells of organ transplants.

B. Regarding the Natural Killer Cells

1. NK cells appear to be lymphocytes (but not B or T) produced in the bone marrow.

2. Natural killer (NK) cells kill tumor cells and virus-infected cells spontaneously, without the presence of antibodies.

VII. Antibody-Mediated Responses

A. B Cells and the Targets of Antibodies

1. B cells also arise from stem cells and proceed along a path to full differentiation which includes the production of proteins called antibodies.

a. Each antibody has sites that will match up with only one kind of antigen.

b. Each antibody is Y-shaped with the tail embedded in the B cell membrane and the two arms (bearing the antigen receptors) sticking outward.

2. When a "virgin" B cell makes contact with an antigen, it becomes sensitive to communication signals from helper T cells that have been activated by antigen-presenting cells.

a. In the presence of interleukins (from the helper Ts), B cells sensitized to the antigen will divide rapidly to produce clone cells, all making the same antibody which will tag invaders for destruction by the phagocytic cells.

b. Part of the clone population differentiates into effector cells that continue to make antibody; other cells become memory cells.

3. The main targets of antibody-mediated responses are extracellular pathogens and toxins, which remain outside the body’s cells.

B. The Immunoglobulins

1. B cells produce four classes of antibodies known as the immunoglobulins.

2. All have antigen-binding sites, but each class also has other specialized functions:

a. IgM, the first to be secreted during immune response, trigger the complement cascade.

b. IgG antibodies activate complement proteins and neutralize many toxins; they are long lasting and can cross the placenta to protect the fetus.

c. IgA, present in saliva, tears, and mucus, helps repel invaders at the start of the respiratory system.

d. IgE triggers inflammation if parasitic worms attack the body; it also works with basophils and mast cells to secrete histamine.

VIII. Focus on Health: Cancer and Immunotherapy

IX. Immune Specificity and Memory

A. Formation of Antigen-Specific Receptors

1. All B cells have the same genes coding for the polypeptides in each arm of the antibody molecule, but different polypeptides can be made by shuffling the genes into millions of combinations to produce antibodies against numerous agents.

2. The clonal selection theory proposes that a lymphocyte activated by a specific antigen will divide and give rise to a clone of cells that are specific only to that antigen.

B. Immunological Memory

1. "Immunological memory" is the basis of the secondary immune response to a previously encountered agent.

2. After a primary immune response, some B and T cells continue to circulate for years as memory cells, which can divide when they meet the antigen again.

3. The secondary response is more rapid, of greater magnitude, and of longer duration.

X. Defenses Enhanced, Misdirected, or Compromised

A. Immunization

1. Immunization involves a deliberate production of memory cells by a vaccine that is made from killed or weakened bacteria or viruses.

2. It is also possible to incorporate antigen-encoding genes from one pathogen into a different organism.

3. If a person has already been exposed to bacterial pathogens, passive immunity can be temporarily conferred by injecting antibodies.

B. Allergies

1. An allergy is a secondary immune response to a normally harmless substance.

2. Exposure triggers production of IgE antibodies, which cause the release of histamines and prostaglandins.

3. A local inflammatory response results; death can even occur due to anaphylactic shock, a condition in which air passages leading to the lungs constrict, fluid escapes too rapidly from capillaries, and blood pressure drops.

C. Autoimmune Disorders

1. In autoimmune disorders, lymphocytes turn against the body’s own cells.

2. Grave’ s disorder is an overproduction of thyroid hormones, which elevate metabolic rates, heart fibrillations, nervousness, and weight loss.

3. In myasthenia gravis, antibodies are directed against acetylcholine receptors on skeletal muscle cells causing weakness.

4. Rheumatoid arthritis is an inflammation of the joints caused by antibody that treats the body’s own IgG molecules as if they were antigens.

C. Deficient Immune Responses

1. When cell-mediated immunity is weakened, infections that would normally not be serious become life-threatening.

2. In acquired immune deficiency syndrome (AIDS), the cause is the human immunodeficiency virus (HIV).

XI. Focus on Health: AIDS–The Immune System Compromised

CHAPTER 35: Respiration


Conquering Chomolungma

A. Aerobic metabolism requires oxygen, but at higher altitudes the oxygen molecules are farther apart, requiring extra effort by the body to survive.

B. The body responds with deeper and faster breathing plus the production of more red blood cells; nevertheless, ascents to the heights of places like Mount Everest are treacherous.

I. The Nature of Respiration

A. The Basis of Gas Exchange

1. Respiratory systems rely on the diffusion of gases down pressure gradients.

a. Partial pressures for each gas in the atmosphere can be calculated; for example, oxygen’s is 160 mm Hg.

b. Gases will diffuse down a pressure gradient across a membrane (respiratory surface) if it is permeable and moist.

2. According to Fick’s Law, the amount of diffusion depends on the surface area of the membrane and the differences in partial pressure.

B. Which Factors Influence Gas Exchange?

1. Surface-to-Volume Ratio

a. As an animal grows, its surface area increases at a lesser rate than its volume, making diffusion of gases into the interior a problem.

b. Therefore, animals either must have a body design that keeps internal cells close to the surface (flatworms) or must have a system to move the gases inward.

2. Ventilation

a. Animals have adaptations to move the air, or water, over the respiratory surfaces.

b. Bony fish move the covers over the gills; humans move the muscles of the thorax to expand and contract the chest cavity and move air in and out of the lungs.

3. Transport Pigments

a. Hemoglobin is the main transport pigment.

b. It binds four molecules of oxygen in the lungs (high concentration) and releases them in the tissues where oxygen is low.

II. Invertebrate Respiration

A. Integumentary exchange, in which gases diffuse directly across a moist body surface (example: earthworm), is adequate for small animals with low metabolic rate.

B. Gills, highly folded, thin-walled projections from the body, enhance exchange rates between the blood of aquatic invertebrates and their watery environment.

C. Tracheal respiration in arthropods, such as insects and spiders, utilizes fine air-conducting tubules to provide gaseous exchange at the cellular level–very little participation by the circulatory system is needed.

III. Vertebrate Respiration

A. Gills of Fishes and Amphibians

1. A gill has a moist, thin, vascularized epidermis.

2. External gills project from the body surface of a few amphibians and some insects.

3. The internal gills of adult fishes are positioned where water can enter the mouth and then flow over them as it exits just behind the head.

a. Water flows over the gills and blood circulates through them in OPPOSITE DIRECTIONS.

b. This mechanism, called countercurrent flow, is highly efficient in extracting oxygen from water, whose oxygen content is lower than air.

B. Lungs

1. Lungs contain internal respiratory surfaces shaped as a cavity or sac.

2. Simple lungs evolved about 450 million years ago to assist respiration in oxygen-poor habitats; some evolved into swim bladders, others into complex respiratory organs.

3. Lungs also participate in the production of sound, when air is exhaled past the vocal cords through the glottis opening.

4. Lungs provide a membrane for gaseous exchange with blood.

a. Air moves by bulk flow into and out of the lungs.

b. Gases diffuse across the inner respiratory surfaces of the lungs.

c. Pulmonary circulation enhances the diffusion of dissolved gases into and out of lung capillaries.

d. In body tissues, oxygen diffuses from blood ––> interstitial fluid ––> cells; carbon dioxide travels the route in reverse.

IV. Human Respiratory System

A. Functions of the Respiratory System

1. The lungs accomplish gas exchange via the alveoli.

2. Exhaled air permits vocalizations.

3. The system helps return venous blood to the heart and helps rid the body of excess heat and water

4. Controls over breathing adjust the body’s acid-base balance.

B. From Airways to the Lungs

1. Air enters or leaves the respiratory system through nasal cavities where hair and cilia filter dust and particles, blood vessels warm, and mucus moistens, the air.

2. Air moves via this route: pharynx ––> larynx (route blocked by epiglottis during swallowing) ––> vocal cords (space between is glottis) ––> trachea ––> bronchi ––> bronchioles ––> alveoli.

a. The vocal cords lie at the entrance to the larynx.

b. When air is exhaled through the glottis, the folds of the cords vibrate to produce sounds which are under regulation by nerve commands to the elastic ligaments that regulate the glottal opening.

3. Human lungs are a pair of organs in the rib cage above the diaphragm.

a. Each lung lies in a thin-walled pleural sac, which leaves a very thin intrapleural space between the membranes.

b. Inside the lungs, respiratory bronchioles bear outpouchings of their walls called alveoli, which are usually clustered as alveolar sacs.

c. Alveoli provide a tremendous surface area for gaseous exchange with the blood located in the dense capillary network surrounding each alveolar sac.

V. Breathing–Cyclic Reversals in Air Pressure Gradients

A. The Respiratory Cycle

1. In inhalation, the diaphragm contracts and flattens, muscles lift the rib cage upward and outward, the chest cavity volume increases, internal pressure decreases, air rushes in.

2. In exhalation, the actions listed above are reversed; the elastic lung tissue recoils passively.

3. Pressure gradients between air inside and outside the respiratory tract change.

B. Breathing at High Altitudes

1. Persons living at high altitudes have more alveoli and blood vessels in their lungs as well as larger heart ventricles.

2. Persons moving into high altitudes can adapt through a process of acclimatization which includes release of erythropoietin from the kidneys to stimulate red blood cell production.

VI. Gas Exchange and Transport

A. Blood cannot carry sufficient oxygen and carbon dioxide in dissolved form to satisfy the body’s demands; hemoglobin helps enhance its capacity.

B. Oxygen Transport

1. Oxygen diffuses down a pressure gradient into the blood plasma ––> red blood cells ––> binds to hemoglobin (4 molecules per hemoglobin to form oxyhemoglobin).

2. Hemoglobin gives up its oxygen in tissues where partial pressure of oxygen is low, blood is warmer, partial pressure of carbon dioxide is higher, and pH is lower; all four conditions occur in tissues with high metabolism.

3. Carbon monoxide combines with hemoglobin 200 times faster than does oxygen; CO poisoning can result.

C. Carbon Dioxide Transport

1. Because carbon dioxide is higher in the body tissues, it diffuses into the blood.

2. Ten percent is dissolved in plasma, 30 percent binds with hemoglobin to form carbamino hemoglobin, and 60 percent is in bicarbonate form.

3. Bicarbonate and carbonic acid formation is enhanced by the enzyme carbonic anhydrase, which is located in the red blood cells.

D. Matching Air Flow With Blood Flow

1. Gas exchange in the alveoli is most efficient when air flow equals the rate of blood flow.

2. Local controls within the lungs correct imbalances in air and blood flow by constricting/dilating both bronchioles and arterioles.

3. The nervous system controls oxygen and carbon dioxide levels for the entire body by adjusting contraction rates of the diaphragm and chest wall muscles.

4. The brain monitors input from carbon dioxide sensors in the bloodstream and from receptors sensitive to decreases in oxygen partial pressure.

XI. Focus on Health: AIDS–The Immune System Compromised





CHAPTER 36: Digestion and Human Nutrition


Lose It–And It Finds Its Way Back

A. The extent of body mass, including excess fat, is probably genetically determined for each individual.

B. To compensate for the undesired excess weight, some persons diet (repeatedly), other become anorexic or bulimic.

I. The Nature of Digestive Systems

A. Incomplete and Complete Systems

1. An incomplete digestive system (for example, in a planarian) has one opening.

2. A complete digestive system is a tube with two openings allowing food to move in one direction through the lumen during which four tasks are accomplished:

a. mechanical processing and motility, which is the breaking down, mixing, and transporting of ingested nutrients,

b. secretion of needed enzymes and fluids, 

c. digestion of food matter to molecules small enough to cross the gut lining, 

d. absorptionof digested nutrients into the blood and lymph,

e. elimination of undigested and unabsorbed residues.

B. Correlations With Feeding Behavior

1. For example, in a bird a large crop stores the day’s gatherings of food, a gizzard later grinds it.

2. Teeth are correlated with the food source, as seen in the large molars of an antelope that feeds on grass close to the ground.

3. Ruminants (for example, cows) may eat grass continuously and have multiple stomachs to digest cellulose.

II. Overview of the Human Digestive System

A. The human digestive system is a tube with two openings and many specialized regions.

B. Its overall extended length is 6-9 meters, comprising the mouth, pharynx, esophagus, stomach, small intestine, colon, rectum, and anus.

C. Accessory glands include the salivary glands, liver (with gallbladder), and pancreas.

III. Into the Mouth, Down the Tube

A. Mechanical breakdown of food and its mixing with saliva begin in the mouth.

1. Teeth chew the food.

a. Each has an enamel coat, a dentin core, and an inner pulp.

b. Incisors bite off chunks, canines tear, and premolars/molars grind food.

2. The tongue functions in positioning the food in the mouth, swallowing, speech, and tasting food.

3. Saliva (from salivary glands) contains salivary amylase to begin carbohydrate digestion, bicarbonate to neutralize acids, and mucins to lubricate.

B. During swallowing the tongue pushes the ball of food into the pharynx where receptors initiate the swallowing reflex to pass the food into the esophagus and then through a sphincter into the stomach; the epiglottis closes off the trachea to prevent choking.

IV. Digestion In the Stomach and Small Intestine

A. Both of these regions have muscular walls that churn, mix, and move the food along in the lumen which receives digestive enzymes and fluids that will chemically break down the food into molecules small enough to be absorbed.

B. The Stomach

1. The stomach is a muscular sac that stores and mixes food, secretes substances to dissolve and degrade food, and controls the rate at which food enters the small intestine.

2. Gastric fluid includes hydrochloric acid, pepsinogens, and mucus.

a. HCl dissolves bits of food to form a soupy chyme; it also converts pepsinogen (inactive) to pepsin (active).

b. Pepsin begins the digestion of proteins.

c. Normally, mucus and bicarbonate ions protect the stomach lining, but insufficient amounts of these, together with irritating chemicals and possibly Helicobacter bacteria, may lead to ulcers.

3. Stomach emptying is influenced by peristaltic contractions churn the chyme and keep the sphincter of the stomach’s exit closed most of the time; however, at intervals small amounts are released into the small intestine.

C. The Small Intestine

1. Digestion is completed and nutrients are absorbed in its three regions: duodenum, jejunum, and ileum..

2. Secretions from the pancreas and liver enter via a common duct.

3. Enzymes act on all the macromolecules of food to produce monosaccharides, fatty acids, amino acids, and nucleotides.

4. Bicarbonate buffers the acid from the stomach.

D. The Role of Bile in Fat Digestion

1. Bile (stored in the gallbladder) is a secretion consisting of bile salts, pigments, cholesterol, and lecithin.

2. Bile salts speed up fat digestion by emulsification.

3. Triglycerides tend to form large globules, but when smaller fat droplets become coated with bile salts, the negative charges on the droplets repel and cause them to stay separated.

E. Controls Over Digestion

1. Stomach secretions begin in response to sensual perception of food and continue in response to stretching of the stomach wall.

2. A large meal hastens stomach emptying while increases in acidity, fat content, fear, and depression slow it down.

3. Hormones also play a role: gastrin from the stomach lining triggers secretion of acid; secretin prods the pancreas to secrete bicarbonate; cholecystokinin causes the gallbladder to contract; and glucose insulinotropicpeptide calls for insulin secretion to absorb glucose.

V. Absorption in the Small Intestine

A. Structures Speak Volumes About Function

1. The lining of the small intestine, mucosa, is not smooth but rather highly folded.

2. Absorptive surface area is increased by fingerlike projections of the intestine lining called villi, the cells of which bear even smaller microvilli.

B. What Are the Absorption Mechanisms?

1. The oscillating contractions of the intestinal wall (segmentation) moves the contents back and forth over the absorptive surface just described.

2. Monosaccharides (glucose) and amino acids cross the gut lining by active transport and enter the bloodstream.

3. Free fatty acids diffuse into the gut epithelium, aided by micelle formation, and then into the lymph vessels.

4. Water and ions are also absorbed.

VI. Disposition of Absorbed Organic Compounds

A. Nutrient molecules are shuffled and reshuffled once they have been absorbed.

B. Shortly after a meal, the level of carbohydrates rises; some are converted to fat for storage, and others are converted to glycogen in the liver and muscle tissue.

C. Between meals, glucose levels are maintained by breakdown of glycogen reserves in the liver and amino acids are converted to glucose; fatty acids from fats can be used directly by cells for energy.

D. The liver is a valuable organ for conversion of nutrients and detoxification of chemicals.

VII. The Large Intestine [Colon]

A. The large intestine stores and concentrates feces–undigested and unabsorbed material, water, and bacteria.

1. The large intestine begins as a cup-shaped pouch at its junction with the small intestine (appendix attached here).

2. It is draped across the lower abdomen and ends in a rectum (feces storage) that opens to the outside through the anus.

B. Colon Functioning

1. Sodium is actively transported out of the colon.

2. As the sodium concentration drops, the water concentration increases thus setting up a gradient which results in water moving out by osmosis.

3. Fiber ("bulk") in the diet is important in moving material in the feces through the large intestine at the proper speed.

C. Colon Malfunctioning

1. Several factors including stress and a low-bulk diet can delay defecation resulting in constipation.

2. An inflamed appendix leads to appendicitis.

3. Modern diets in developed countries seem to be correlated with incresed rates of colon cancer.

VIII. Human Nutritional Requirements

A. New, Improved Food Pyramids

1. The proportions of the three main food molecules needed in the human diet have been revised recently.

2. The percentages are: complex carbohydrates–55-60%; fats and lipids–20-25%; and proteins–15-20%.

B. Carbohydrates

1. Complex carbohydrates are the main source of energy taken into the body; they are degraded to glucose, the main source of energy available to individual cells.

2. Simple sugars in the diet do not provide fiber, vitamins, or minerals.

C. Lipids

1. Phospholipids and cholesterol are important components of membranes; fats are energy reserves and provide insulation and cushioning.

2. The body needs very little polysaturated fat to supply the essential fatty acids, those not made by the body itself.

3. Fats make up 40% of the American diet–they should be less than 30%.

D. Proteins

1. Of the twenty different amino acids in proteins, eight are essential (that is, must be supplied in the diet).

2. Because some sources of protein (plants) are "incomplete," nutritionists use the net protein utilization (NPU) index to compare proteins from different sources.

3. Protein deficiency is most damaging to the young, causing mental and physical retardation.

IX. Vitamins and Minerals

A. Humans need small amounts of at least thirteen organic molecules called vitamins to assist in cellular metabolism.

B. Inorganic substances called minerals (Ca, Mg, K, Fe, for example) are also needed.

C. A balanced diet will normally meet all requirements for these substances; excessive intake is at least wasteful and at worst harmful.

X. Focus on Science: Weighty Questions, Tantalizing Answers

XI. Focus on Health: AIDS–The Immune System Compromised

CHAPTER 37: The Internal Environment


Tale of the Desert Rat

A. Animals first evolved in shallow seas where their tissues became adapted to a salty environment and stable temperatures.

B. As animals invaded the land, their internal environment approximated the seas they left behind.

C. The remarkable kangaroo rat survives in the desert because of its underground and nocturnal habits, plus its amazing ability to use metabolic water, which it recycles.

I. Urinary System 

A. The Challenge–Shifts in Extracellular Fluid

1. The volume and composition of extracellular fluid (interstitial plus blood) must be maintained within tolerable ranges.

2. Water Gains and Losses

a. Water is gained by two processes: 

1) Absorption of water from liquids and solid foods occurs in the gastrointestinal tract.

2) Metabolism of nutrients yields water as a by-product.

b. Water is lost by at least four processes: 

1) Excretion of water is accomplished by the urinary system.

2) Evaporation occurs from respiratory surfaces and the skin.

3) Sweating occurs on the skin surface.

4) Elimination of water in feces is a normal occurrence.

3. Solute Gains and Losses

a. Solutes are added to the internal environment by four processes: 

1) Nutrients, mineral ions, drugs, and food additives are absorbed by the gastrointestinal tract.

2) Secretion from endocrine glands adds hormones.

3) Respiration adds oxygen to the blood and metabolizing cells add carbon dioxide.

4) Metabolism reactions contribute waste products.

b. Extracellular fluid loses mineral ions and metabolic wastes in three ways:

1) Urinary excretion rids the body of metabolic wastes:

2) Respiratory exhalation rids the body of carbon dioxide.

3) Various mineral ions are lost in sweat.

1. Ammonia is formed when amino groups are removed from amino acids. 

d. Urea is formed by reactions in the liver that unite two ammonia molecules with carbon dioxide.

2. Uric acid is formed in reactions that degrade nucleic acids.

B. Components of the Urinary System

1. The mammalian urinary system consists of two kidneys, each with a ureter leading to a urinary bladder (for storage), with an open channel (urethra) leading to the body surface.

2. A pair of kidneys, located in the lower abdomen, filter a variety of substances from the blood.

a. The outer coat of connective tissue is the renal capsule.

b. Each kidney is composed of two zones–cortex and medulla–containing numerous blood vessels and working units called nephrons.

c. The kidneys regulate the volume and solute concentrations of extracellular fluid, voiding urine during the urination reflex.

C. Nephrons–Functional Units of Kidneys

1. Nephrons filter and retain water and solutes, leaving a concentrated urine to be collected in the central renal pelvis.

2. Filtration occurs in the glomerulus–a ball of capillaries nestled in the Bowman’s capsule.

3. The Bowman’s capsule collects the filtrate and directs it through the continuous nephron tubules: proximal ––> loop of Henle ––> distal ––> collecting duct.

4. The peritubular capillaries exit the glomerulus, converge, then branch again around the nephron tubules where they participate in reclaiming water and essential solutes.

II. Urine Formation

A. Urine formation involves three processes:

1. In filtration, blood pressure forces filtrate (water and small solutes) out of the glomerular capillaries.

a. Blood cells, proteins, and other large solutes cannot pass the capillary wall into the capsule.

b. Filtrate is collected by the Bowman’s capsule and funneled into the proximal tubule.

2. During tubular reabsorption most of the filtrate’s water and solutes move out of the nephron tubules and into adjacent blood capillaries.

3. Tubular secretion results in movement of hydrogen and potassium ions, uric acid, and some drugs from the blood into the tubules.

B. Factors Influencing Filtration

1. Blood enters the glomerulus under high pressure; arterioles here have wider diameters than most.

2. Glomerular capillaries are highly "leaky" to water and small solutes.

3. Filtration is rapid–about 180 liters of fluid total are removed each day;.most of the filtrate is returned to the blood; about 1% ends up as urine.

4. The volume of blood flow affects the rate of filtration.

C. Reabsorption of Water and Sodium

1. Reabsorption Mechanism

a. Urine volume and composition can be adjusted to compensate for shifts in body gains and losses of water and solutes.

b. The reabsorption mechanism lies in the functioning of the nephron tubules.

1) In the proximal tubules, sodium is pumped out, followed by water (osmosis), which will be returned to the blood eventually.

2) In the loop of Henle area more sodium is removed and water too.

3) The fluid in the distal tubule is dilute.

2. Hormone-Induced Adjustments

a. ADH (antidiuretic hormone) promotes water conservation.

1) It is secreted from the hypothalamus via the pituitary.

2) ADH makes the walls of distal tubules and collecting ducts more permeable to water, and thus the urine becomes more concentrated.

b. Aldosterone enhances sodium reabsorption.

1) When too much sodium is lost, extracellular fluid volume is reduced, and pressure receptors are triggered.

2) In response, the kidney secretes an enzyme, renin, which, via angiotensin II, stimulates the adrenal cortex to secrete aldosterone, which in turn stimulates sodium reabsorption in the distal tubule and collecting ducts.

3) Sodium retention is accompanied by water retention, which can lead to increased blood pressure–hypertension, which can affect kidney function.

3. Thirst Behavior

a. A thirst center in the hypothalamus induces water-seeking behavior.

b. When the solute concentration in extracellular fluid rises, cells in the hypothalamus thirst center initiate the following: reduction in urine output, inhibition of saliva production, and an urge to drink fluids.

III. Focus on Health: When Kidneys Breakdown

IV. The Acid-Base Balance

A. Kidneys also regulate the acidity and alkalinity of extracellular fluid.

1. Overall acid-base balance is maintained by controlling hydrogen ions through buffer systems, respiration, and excretion by the kidneys.

2. Buffers can neutralize hydrogen ions, and the lungs can eliminate carbon dioxide.

B. Only the urinary system can eliminate excess hydrogen ions, permanently, and restore the bicarbonate buffering ions to the blood.

V. On Fish, Frogs, and Kangaroo Rats 

A. Fishes of the sea lose water by osmosis and must drink replacements and actively secrete excess solutes.

B. Freshwater fish and amphibians tend to gain water and lose solutes; solutes are replaced by food and active inward pumping.

C. Kangaroo rats have very long loops of Henle, which produce an extremely concentrated urine.

VI. Maintaining Body Temperature

A. Many different physiological and behavioral responses help to maintain the body’s internal core temperature.

B. Heat Gains and Heat Losses

1. Four processes drive the exchanges of heat:

a. Radiation is the gain of heat from some source, or the loss of heat from the body to the surroundings depending on the temperatures of the environment.

b. Conduction is the transfer of heat from one object to another when they are in direct contact, as when a human sits on cold (or hot!) concrete.

c. Convection is the transfer of heat by way of a moving fluid such as air or water.

d. Evaporation is a process whereby a heated substance changes from a liquid to a gaseous state with a loss of heat to the surroundings.

2. Animals are classified as ectotherms, endotherms, or heterotherms.

a. Ectotherms (such as lizards) have low metabolic rates; therefore, they must gain their heat from the environment in what we call behavioral temperature regulation.

b. Endotherms, such as birds and mammals, generate heat from metabolic activity and exercise controls over heat conservation and dissipation by means of adaptations such as feathers, fur, or fat which reduce heat loss.

c. Heterotherms, such as the hummingbird, generate body heat during their active periods but resemble ectotherms during inactive times.

d. Ectotherms are at an advantage in the tropics where they do not have to expend much energy to maintain body temperature; endotherms have an advantage in moderate to cold settings.

C. Responses to Stressful Temperatures

1. Responses to Cold Stress

a. Mammals respond to cold by constricting the smooth muscles in the blood vessels of the skin (peripheral vasoconstriction), which retards heat loss.

b. In the pilomotor response, the hairs or feathers become more erect to create a layer of still air that reduces convective and radiative heat losses.

c. Rhythmic tremors (shivering) is a common response to cold but is not effective for very long and comes at high metabolic cost.

d. Hypothermia is a condition in which the core temperature drops below normal; it may lead to brain damage and death; frostbite is localized cell death due to freezing.

2. Responses to Heat Stress

a. Peripheral vasodilation is the enlargement of the diameters of blood vessels to allow greater volumes of blood to reach the skin and dissipate the heat.

b. Evaporative heat loss by sweating is a common and obvious cooling mechanism.

c. Hyperthermia is a rise in core temperature, with devastating effects.

d. During a fever, the hypothalamus resets the body’s "thermostat" to a new temporary core temperature.

1) At the onset of fever, heat loss decreases and heat production increases; the person feels chilled.

2) When the fever breaks, peripheral vasodilation and sweating increase as the body attempts to reduce the core temperature to normal.

3) The controlled increase in body temperature (within limits) during a fever seems to enhance the body’s immune response.

CHAPTER 38: Reproduction and Development


From Frog to Frog and Other Mysteries

A. We know the stages in frog reproduction: zygote, ball of cells, differentiation, tadpole, adult.

B. But what do we know about the complex hidden events of reproduction and development?

I. The Beginning: Reproductive Modes

A. Sexual Versus Asexual Reproduction

1. Sexual reproduction permits adaptation through variation but is biologically costly because the sexes are separate; animals must produce gametes and must find each other (usually) for fertilization to occur.

2. Asexual reproduction by budding (example: sponge) results in offspring identical to the parents; this is a useful strategy in stable environments.

B. Costs and Benefits of Sexual Reproduction

1. Reproductive timing must allow for male and female gametes to be available at nearly the same time.

a. Sensory structures and hormonal controls must be precise in both parents.

b. Seasonal cues and behavioral patterns must evoke a suitable response in both sexes.

2. It is a challenging task to find and recognize a potential mate of the same species.

a. Chemical signals and body color/patterns are useful.

b. Males spend much energy in performing elaborate courtship rituals.

3. Fertilization also comes at a cost with separate sexes.

a. External fertilization in water requires large numbers of gametes.

b. Internal fertilization requires an investment in elaborate reproductive organs, including the penis, to transfer sperm to the female.

4. Energy is set aside for nourishing some number of offspring.

a. Those eggs with little yolk must develop larval stages quickly.

b. Others, such as birds, have adequate food reserves for a more lengthy development within the shell.

c. Some eggs, such as those of humans, have no yolk; the embryo must be nourished with energy molecules drawn from the mother.

II. Stages of Development–An Overview

A. Gamete formation: eggs or sperm form and mature within the parents.

B. Fertilization begins when a sperm penetrates an egg and is completed when the sperm nucleus fuses with the egg nucleus, resulting in formation of the zygote.

C. Repeated mitotic divisions–cleavage–convert the zygote to a blastula; cell numbers increase but not cell size.

D. Gastrulation results in three germ layers, or tissues:

1. Ectoderm is the outer layer; it gives rise to the nervous system and the outer layers of the integument.

2. Endoderm is the inner layer; it gives rise to the gut and organs derived from it.

3. Mesoderm is the middle layer; muscle, organs of circulation, reproduction, excretion, and skeleton are derived from it.

E. Organ formation begins as germ layers subdivide into populations of cells destined to become unique in structure and function.

F. During growth and tissue specialization, organs acquire specialized chemical and physical properties.

III. Early Marching Orders

A. Information in the Egg Cytoplasm

1. The sperm contributes little more than the paternal DNA.

2. The oocyte contains the majority of materials that will affect early development.

a. RNA transcripts will be translated into proteins that are used in chromosome replication.

b. Ribosomal subunits necessary for protein synthesis are stockpiled.

c. Microtubules will influence the division orientation during cleavage.

3. Penetration of the egg by the sperm triggers a structural reorganization in the egg cytoplasm.

a. Microtubules move granules from the animal pole to form a gray crescent near the equator opposite the penetration site.

b. Near the crescent, the body axis of the frog embryo will become established and gastrulation will begin.

B. Cleavage–The Start of Multicellularity

1. After fertilization, the zygote begins a series of divisions in which each cell is pinched into two cells (blastomeres).

2. Different blastomeres will end up with different genetic messages in a process known as cytoplasmic localization.

C. Cleavage Patterns

1. Repeated mitotic divisions of the zygote produce many cells that are smaller and differ in size, shape, and activity.

2. The position of the nucleus will identify the animal pole (closest) and vegetal pole (opposite), where yolk will accumulate.

3. The amount and distribution of yolk dictate the cleavage planes and resulting spatial positions of the resulting cells.

4. One of the earliest recognizable stages is the blastula.

a. In sea urchins, this is a hollow single-layered sphere enclosing a space, the blastocoel formed during radial cleavage.

b. In amphibians, the blastocoel is restricted to the animal pole because the yolk at the vegetal pole impedes cleavage.

c. In reptiles and birds, the cleavage (incomplete) is restricted to a tiny, caplike region at the animal pole.

d. In mammals, rotational cleavage results in an inner cell mass (future embryo) which forms on the inside of a hollow sphere; the early embryo is called the blastocyst .

IV. How Do Specialized Tissues and Organs Form?

A. Gastrulation results in very little increase in size but does involve dramatic rearrangements of cells.

1. In sea urchins, there is an inward migration resulting in the gut.

2. In vertebrate embryos, rearrangements result in formation of the neural tube, which defines the long axis of the body and is the forerunner of the brain and spinal cord.

B. Cell Differentiation

1. All differentiated cells have the same number and kind of genes, but through controls on the expression of those genes some cells produce proteins not found in other cells.

2. Experiments have shown that the differentiated cell has not lost any of its original genetic information because it can still direct differentiation if placed in the necessary environment.

B. Morphogenesis

1. Morphogenesis is the organization of differentiated cells into tissues and organs; it is the result of several events.

2. In active cell migration, cells move by pseudopods projecting from the cell body; this is seen in the establishment of neural networks.

a. Cells are guided in their movement by following chemical gradients.

b. Cells also respond to adhesive cues provided by recognition proteins at the surface of other cells.

3. Localized growth contributes to changes in sizes, shapes, and proportions of body parts, probably the result of regulatory genes.

4. Programmed cell death is the elimination of tissues and cells that are used for only short periods in the embryo or adult.

V. Pattern Formation

A. Pattern formation refers to the specialization of tissues and their orderly positioning in space.

1. During development, classes of master genes are activated in orderly sequence.

2. Interactions among the master genes are guided by regulatory proteins.

3. Different genes are activated and suppressed in cells along the embryo’s anterior-posterior axis and dorsal-ventral axis.

4. Homeotic genes are a class of master genes that specify the development of specific body parts.

B. Genes as Master Organizers

1. "Fate maps" of a Drosophila zygote show where each kind of differentiated cell in the forthcoming body segments originates.

2. The model to explain how polarity in the egg gives rise to segmental polarity in the adult involves the following sequence:

a. Maternal effect genes code for regulatory proteins that accumulate in the egg cytoplasm.

b. These gene products appear in the zygote and activate or inhibit gap genes, which map out broad body regions.

c. Differences in concentrations of gap gene products activate pair-rule genes, the products of which accumulate in bands.

d. These products activate segment polarity genes which divide the embryo into segment-size units.

3. Interactions among products of the genes listed just above control another class of genes–homeotic genes that collectively govern the developmental fate of each body segment.

a. Homeobox genes control blocks of genes necessary for pattern formation.

c. Experiments with mutated homeobox genes showed that fruit flies could produce legs on the head where antennae should be!

C. Embryonic Induction

1. Embryonic induction is the name for this selectively induced gene expression during development.

2. Researchers have recently identified a class of signaling molecules called morphogens that serve as inducers.

3. Certain genes that control the developmental responses of groups of cells along the body’s anterior-posterior axis lie in a parallel sequence in the chromosomes.

VI. Reproductive System of Human Males

A. The primary male sex organs are the testes which produce sperm and sex hormones.

B. Where Sperm Form

1. The testes reside in the scrotum, which is a few degrees cooler than body temperature for proper sperm development.

2. Each testis is divided into about 300 lobes, each of which contains two or three seminiferous tubules where sperm are continuously formed beginning at puberty.

C. Where Semen Forms

1. Sperm move from a testis ––> epididymis (for maturation and storage) ––> vas deferens ––> ejaculatory ducts–urethra (located inside the penis).

2. The sperm-bearing fluid–semen–is formed by secretions from the seminal vesicles (fructose and prostaglandins) and the prostate (buffers against acidic vagina).

3. The bulbourethral glands secrete a mucus-rich fluid into the vagina during sexual arousal.

D. Cancers of the Prostate and Testis

1. There are about 41,000 deaths per year of older men due to prostate cancer.

2. There are about 5,000 cases of testicular cancer each year in the United States.

3. Routine examination and tests are necessary to detect these subtle cancers.

VII. Male Reproductive Function

A. Sperm Formation

1. Diploid spermatogonia undergo mitosis ––> primary spermatocytes, which undergo meiosis I ––> haploid secondary spermatocytes, which undergo meiosis II ––> haploid spermatids ––> mature sperm.

2. Sertoli cells in the tubule provide nourishment and chemical signals to the developing sperm.

3. Each sperm has a head (nucleus and acrosome), midpiece (mitochondria), and tail (microtubules).

B. Hormonal Controls

1. Testosterone, produced by Leydig cells located between the lobes in the testes, stimulates spermatogenesis, the formation of reproductive organs and secondary sex characteristics, and helps to develop and maintain normal (or abnormal?) sexual behavior.

2. Luteinizing hormone (LH) is released from the anterior pituitary (under prodding by GnRH from the hypothalamus) and stimulates testosterone production.

3. GnRH also causes the pituitary to release FSH, which stimulates the production of sperm, beginning at puberty.

VIII. Reproductive System of Human Females 

A. The Reproductive Organs

1. The egg is released from the ovary ––> oviduct ––> uterus (zygote will implant in its lining, the endometrium).

2. The lower part of the uterus is the cervix, which extends into the vagina, which in turn leads to the outer vulva (labia majora, labia minora, and clitoris).

B. Overview of the Menstrual Cycle

1. Most female mammals follow an estrous cycle; humans and other primates have a menstrual cycle (there is no relationship between heat and fertility).

2. During each cycle an oocyte matures and escapes from the ovary and (if it is fertilized) may implant in the endometrium; if there is no implantation, the uterine lining is sloughed at the end of each cycle of (approximately) 28 days.

3. There are three major phases in the menstrual cycle:

a. In the follicular phase, there is menstrual flow, endometrial breakdown and rebuilding, and maturation of the oocyte.

b. Ovulation is the rather quick release of the oocyte from the ovary.

c. During the luteal phase, the corpus luteum forms and the endometrium is primed for possible pregnancy

4. FSH and LH stimulate the ovaries to secrete estrogens and progesterone, which in turn promote changes in the endometrium (which may grow outside the uterus in a condition known as endometriosis).

IX. Female Reproductive Function

A. Cyclic Changes in the Ovary

1. At birth about 2 million immature eggs (oocytes) are already present and arrested in meiosis I.

2. Of the approximately 300,000 oocytes still present at age seven, only about 400-500 will mature in a lifetime.

3. The follicle consists of a layer of cells (granulosa) surrounding the primary oocyte; the granulosa cells gradually deposit a layer of material (zona pellucida) around the follicle.

4. During the menstrual cycle, one oocyte resumes meiosis I to form a secondary oocyte and a polar body (both haploid).

3. At about midcycle, there is a surge of LH that causes ovulation–the release of the secondary oocyte.

B. Cyclic Changes in the Uterus

1. During the first half of the cycle, the hypothalamus signals the anterior pituitary to release LH and FSH, which in turn stimulate the ovary to secrete estrogen which stimulates growth of the endometrium.

2. The corpus luteum persists for about twelve days following ovulation, secreting progesterone that inhibits further FSH and LH secretion.

3. If fertilization does not occur, the corpus luteum degenerates, progesterone and estrogen levels fall, and FSH and LH are again secreted to begin another cycle.

X. Visual Summary of the Menstrual Cycle

[This section consists of an excellent diagram depicting the sequential events of the menstrual cycle.]

XI. Pregnancy Happens

A. Sexual Intercourse

1. In male sexual arousal, the spongy tissue spaces inside the penis become filled with blood to cause an erection.

2. During coitus, mechanical stimulation of the penis causes involuntary contractions that force semen out and into the vagina.

3. Ejaculation in the male, and similar contractions in the female, are termed orgasm.

B. Fertilization

1. Of the 150 million to 350 million sperm deposited in the vagina during coitus, only a few hundred ever reach the upper region of the oviduct where fertilization occurs.

2. Only one sperm will successfully enter the cytoplasm of the secondary oocyte after digesting its way through the zona pellucida.

a. The arrival of that sperm stimulates the completion of meiosis II, which yields a mature ovum.

b. The sperm nucleus fuses with the egg nucleus to restore the diploid chromosome number.

XII. Formation of the Early Embryo

A. Pregnancy lasts an average of 38 weeks.

1. Embryo formation takes about two weeks.

2. The embryonic period lasts from the third to the end of the eighth week.

3. The fetal period extends from the eighth week until birth.

B. Early Cleavage and Implantation

1. During the first few days after fertilization, the zygote undergoes repeated cleavages as it travels down the oviduct.

2. By the time it reaches the uterus, it is a solid ball of cells (morula), which is transformed into a blastocyst.

a. Before the first week ends, the human blastocyst contacts and adheres to the uterine lining.

b. The inner cell mass of the blastocyst is transformed into an embryonic disk that will develop into the embryo proper within the next week.

C. Extraembryonic Membranes 

1. The membranes and their functions are:

a. The amnion is a fluid-filled sac that keeps the embryo from drying out and acts as a shock absorber.

b. The yolk sac becomes a site for blood cell formation.

c. The chorion, a protective membrane around the embryo, forms a portion of the placenta and secretes a hormone (human chorionic gonadotropin) that maintains the uterine lining after implantation.

d. The allantois does not function in waste storage (as it does in birds) but is active in blood formation and formation of the urinary bladder.

2. Cells of the blastocyst secrete the hormone HCG, which stimulates the corpus luteum to continue the secretion of estrogen and progesterone.

XIII. Emergence of the Vertebrate Body Plan

A. By the third week of development, a two-layered embryonic disk consisting of ectoderm and endoderm has formed.

1. The "primitive streak", a forerunner of the neural tube from which the brain and spinal cord will form, has appeared.

2. Some cells also form the notochord, from which the vertebrae will form.

B. Toward the end of the third week, mesoderm has developed and is giving rise to somites–segments of bones and skeletal muscles.

XIV. On the Importance of the Placenta

A. The placenta is a combination of endometrial tissue and embryonic chorion.

B. Materials are exchanged from blood capillaries of mother to fetus, and vice versa, by diffusion; the maternal blood and fetal blood do not mix!

XV. Emergence of Distinctly Human Features

A. By the end of the fourth week the embryo has embarked on an intricate program of cell differentiation and morphogenesis, including development of limbs, circulation, and umbilical cord.

B. The second trimester encompasses months four, five, and six; the individual is now called a fetus; the heart is beating; fuzzy hair (lanugo) covers the body.

C. The third trimester extends from month seven until birth; the earliest delivery in which survival on its own is possible is the middle of this trimester.

XVI. Focus on Health: Mother as Provider, Protector, Potential Threat

XVII. From Birth Onward

A. Giving Birth 

1. Birth begins with contractions of the uterine muscles; the cervical canal dilates, and the amniotic sac ruptures.

2. The fetus is expelled accompanied by fluid and blood; the umbilical cord is severed; finally the placenta is expelled.

B. Nourishing the Newborn

1. The mammary glands first produce a special fluid for the newborn; then, under the influence of prolactin, they produce milk.

2. Oxytocin is released in response to suckling and further increases the milk supply.

C. Regarding Breast Cancer

1. An average of 100,000 women develop breast cancer each year.

2. Chances for cure are excellent with early detection and treatment.

D. Postnatal Development and Aging

1. The stages of postnatal development are: newborn (first two weeks) ––> infant (2 weeks to 15 months) ––> child (to 12 years) ––> pubescent (individual at puberty) ––> adolescent (from puberty to 3—4 years later) ––> adult.

2. Aging is the progressive cellular and bodily deterioration built into the life cycle of all organisms.

a. Some experiments indicate that cells have a limited division potential (is this the cause or the result of aging?).

b. Perhaps aging is loss of the capacity for DNA self-repair, or perhaps autoimmune responses intensify over time, producing increased vulnerability to disease and stress.

XVIII. Control of Human Fertility

A. Some Ethical Considerations

1. When does development begin? When does life begin?

2. What about overpopulation compared to available resources?

3. What about the consequences of unwanted pregnancies?

B. Birth Control Options

1. Abstention is most effective but unrealistic.

2. In the rhythm method, there is no intercourse during the days when an egg is capable of being fertilized.

3. Withdrawal before ejaculation would seem to be effective but is not.

4. Douching is similarly ineffective due to the speed with which sperm enter the uterus.

5. Surgery to cut and tie the oviducts (tubal ligation) or vas deferens (vasectomy) is effective and generally considered an irreversible method to prevent sperm and egg union.

6. Spermicidal foam and jelly are toxic to sperm but not reliable unless used in combination with a barrier device.

7. A diaphragm fits over the cervix and prevents entry of sperm into the uterus.

8. Condoms prevent sperm deposition in the vagina but must be used with care.

9. The birth control pill contains synthetic female hormones and prevents ovulation when taken faithfully according to directions.

10. Progestin injections or implants provide several months of ovulation inhibition.

11. RU-486, the "morning-after pill" intercepts pregnancy by blocking fertilization or preventing implantation.

XIX. Focus on Health: Sexually Transmitted Diseases

















CHAPTER 39: Reproduction and Development


From Frog to Frog and Other Mysteries

A. We know the stages in frog reproduction: zygote, ball of cells, differentiation, tadpole, adult.

B. But what do we know about the complex hidden events of reproduction and development?

I. The Beginning: Reproductive Modes

A. Sexual Versus Asexual Reproduction

1. Sexual reproduction permits adaptation through variation but is biologically costly because the sexes are separate; animals must produce gametes and must find each other (usually) for fertilization to occur.

2. Asexual reproduction by budding (example: sponge) results in offspring identical to the parents; this is a useful strategy in stable environments.

B. Costs and Benefits of Sexual Reproduction

1. Reproductive timing must allow for male and female gametes to be available at nearly the same time.

a. Sensory structures and hormonal controls must be precise in both parents.

b. Seasonal cues and behavioral patterns must evoke a suitable response in both sexes.

2. It is a challenging task to find and recognize a potential mate of the same species.

a. Chemical signals and body color/patterns are useful.

b. Males spend much energy in performing elaborate courtship rituals.

3. Fertilization also comes at a cost with separate sexes.

a. External fertilization in water requires large numbers of gametes.

b. Internal fertilization requires an investment in elaborate reproductive organs, including the penis, to transfer sperm to the female.

4. Energy is set aside for nourishing some number of offspring.

a. Those eggs with little yolk must develop larval stages quickly.

b. Others, such as birds, have adequate food reserves for a more lengthy development within the shell.

c. Some eggs, such as those of humans, have no yolk; the embryo must be nourished with energy molecules drawn from the mother.

II. Stages of Development–An Overview

A. Gamete formation: eggs or sperm form and mature within the parents.

B. Fertilization begins when a sperm penetrates an egg and is completed when the sperm nucleus fuses with the egg nucleus, resulting in formation of the zygote.

C. Repeated mitotic divisions–cleavage–convert the zygote to a blastula; cell numbers increase but not cell size.

D. Gastrulation results in three germ layers, or tissues:

1. Ectoderm is the outer layer; it gives rise to the nervous system and the outer layers of the integument.

2. Endoderm is the inner layer; it gives rise to the gut and organs derived from it.

3. Mesoderm is the middle layer; muscle, organs of circulation, reproduction, excretion, and skeleton are derived from it.

E. Organ formation begins as germ layers subdivide into populations of cells destined to become unique in structure and function.

F. During growth and tissue specialization, organs acquire specialized chemical and physical properties.

III. Early Marching Orders

A. Information in the Egg Cytoplasm

1. The sperm contributes little more than the paternal DNA.

2. The oocyte contains the majority of materials that will affect early development.

a. RNA transcripts will be translated into proteins that are used in chromosome replication.

b. Ribosomal subunits necessary for protein synthesis are stockpiled.

c. Microtubules will influence the division orientation during cleavage.

3. Penetration of the egg by the sperm triggers a structural reorganization in the egg cytoplasm.

a. Microtubules move granules from the animal pole to form a gray crescent near the equator opposite the penetration site.

b. Near the crescent, the body axis of the frog embryo will become established and gastrulation will begin.

B. Cleavage–The Start of Multicellularity

1. After fertilization, the zygote begins a series of divisions in which each cell is pinched into two cells (blastomeres).

2. Different blastomeres will end up with different genetic messages in a process known as cytoplasmic localization.

C. Cleavage Patterns

1. Repeated mitotic divisions of the zygote produce many cells that are smaller and differ in size, shape, and activity.

2. The position of the nucleus will identify the animal pole (closest) and vegetal pole (opposite), where yolk will accumulate.

3. The amount and distribution of yolk dictate the cleavage planes and resulting spatial positions of the resulting cells.

4. One of the earliest recognizable stages is the blastula.

a. In sea urchins, this is a hollow single-layered sphere enclosing a space, the blastocoel formed during radial cleavage.

b. In amphibians, the blastocoel is restricted to the animal pole because the yolk at the vegetal pole impedes cleavage.

c. In reptiles and birds, the cleavage (incomplete) is restricted to a tiny, caplike region at the animal pole.

d. In mammals, rotational cleavage results in an inner cell mass (future embryo) which forms on the inside of a hollow sphere; the early embryo is called the blastocyst .

IV. How Do Specialized Tissues and Organs Form?

A. Gastrulation results in very little increase in size but does involve dramatic rearrangements of cells.

1. In sea urchins, there is an inward migration resulting in the gut.

2. In vertebrate embryos, rearrangements result in formation of the neural tube, which defines the long axis of the body and is the forerunner of the brain and spinal cord.

B. Cell Differentiation

1. All differentiated cells have the same number and kind of genes, but through controls on the expression of those genes some cells produce proteins not found in other cells.

2. Experiments have shown that the differentiated cell has not lost any of its original genetic information because it can still direct differentiation if placed in the necessary environment.

B. Morphogenesis

1. Morphogenesis is the organization of differentiated cells into tissues and organs; it is the result of several events.

2. In active cell migration, cells move by pseudopods projecting from the cell body; this is seen in the establishment of neural networks.

a. Cells are guided in their movement by following chemical gradients.

b. Cells also respond to adhesive cues provided by recognition proteins at the surface of other cells.

3. Localized growth contributes to changes in sizes, shapes, and proportions of body parts, probably the result of regulatory genes.

4. Programmed cell death is the elimination of tissues and cells that are used for only short periods in the embryo or adult.

V. Pattern Formation

A. Pattern formation refers to the specialization of tissues and their orderly positioning in space.

1. During development, classes of master genes are activated in orderly sequence.

2. Interactions among the master genes are guided by regulatory proteins.

3. Different genes are activated and suppressed in cells along the embryo’s anterior-posterior axis and dorsal-ventral axis.

4. Homeotic genes are a class of master genes that specify the development of specific body parts.

B. Genes as Master Organizers

1. "Fate maps" of a Drosophila zygote show where each kind of differentiated cell in the forthcoming body segments originates.

2. The model to explain how polarity in the egg gives rise to segmental polarity in the adult involves the following sequence:

a. Maternal effect genes code for regulatory proteins that accumulate in the egg cytoplasm.

b. These gene products appear in the zygote and activate or inhibit gap genes, which map out broad body regions.

c. Differences in concentrations of gap gene products activate pair-rule genes, the products of which accumulate in bands.

d. These products activate segment polarity genes which divide the embryo into segment-size units.

3. Interactions among products of the genes listed just above control another class of genes–homeotic genes that collectively govern the developmental fate of each body segment.

a. Homeobox genes control blocks of genes necessary for pattern formation.

c. Experiments with mutated homeobox genes showed that fruit flies could produce legs on the head where antennae should be!

C. Embryonic Induction

1. Embryonic induction is the name for this selectively induced gene expression during development.

2. Researchers have recently identified a class of signaling molecules called morphogens that serve as inducers.

3. Certain genes that control the developmental responses of groups of cells along the body’s anterior-posterior axis lie in a parallel sequence in the chromosomes.

VI. Reproductive System of Human Males

A. The primary male sex organs are the testes which produce sperm and sex hormones.

B. Where Sperm Form

1. The testes reside in the scrotum, which is a few degrees cooler than body temperature for proper sperm development.

2. Each testis is divided into about 300 lobes, each of which contains two or three seminiferous tubules where sperm are continuously formed beginning at puberty.

C. Where Semen Forms

1. Sperm move from a testis ––> epididymis (for maturation and storage) ––> vas deferens ––> ejaculatory ducts–urethra (located inside the penis).

2. The sperm-bearing fluid–semen–is formed by secretions from the seminal vesicles (fructose and prostaglandins) and the prostate (buffers against acidic vagina).

3. The bulbourethral glands secrete a mucus-rich fluid into the vagina during sexual arousal.

D. Cancers of the Prostate and Testis

1. There are about 41,000 deaths per year of older men due to prostate cancer.

2. There are about 5,000 cases of testicular cancer each year in the United States.

3. Routine examination and tests are necessary to detect these subtle cancers.

VII. Male Reproductive Function

A. Sperm Formation

1. Diploid spermatogonia undergo mitosis ––> primary spermatocytes, which undergo meiosis I ––> haploid secondary spermatocytes, which undergo meiosis II ––> haploid spermatids ––> mature sperm.

2. Sertoli cells in the tubule provide nourishment and chemical signals to the developing sperm.

3. Each sperm has a head (nucleus and acrosome), midpiece (mitochondria), and tail (microtubules).

B. Hormonal Controls

1. Testosterone, produced by Leydig cells located between the lobes in the testes, stimulates spermatogenesis, the formation of reproductive organs and secondary sex characteristics, and helps to develop and maintain normal (or abnormal?) sexual behavior.

2. Luteinizing hormone (LH) is released from the anterior pituitary (under prodding by GnRH from the hypothalamus) and stimulates testosterone production.

3. GnRH also causes the pituitary to release FSH, which stimulates the production of sperm, beginning at puberty.

VIII. Reproductive System of Human Females 

A. The Reproductive Organs

1. The egg is released from the ovary ––> oviduct ––> uterus (zygote will implant in its lining, the endometrium).

2. The lower part of the uterus is the cervix, which extends into the vagina, which in turn leads to the outer vulva (labia majora, labia minora, and clitoris).

B. Overview of the Menstrual Cycle

1. Most female mammals follow an estrous cycle; humans and other primates have a menstrual cycle (there is no relationship between heat and fertility).

2. During each cycle an oocyte matures and escapes from the ovary and (if it is fertilized) may implant in the endometrium; if there is no implantation, the uterine lining is sloughed at the end of each cycle of (approximately) 28 days.

3. There are three major phases in the menstrual cycle:

a. In the follicular phase, there is menstrual flow, endometrial breakdown and rebuilding, and maturation of the oocyte.

b. Ovulation is the rather quick release of the oocyte from the ovary.

c. During the luteal phase, the corpus luteum forms and the endometrium is primed for possible pregnancy

4. FSH and LH stimulate the ovaries to secrete estrogens and progesterone, which in turn promote changes in the endometrium (which may grow outside the uterus in a condition known as endometriosis).

IX. Female Reproductive Function

A. Cyclic Changes in the Ovary

1. At birth about 2 million immature eggs (oocytes) are already present and arrested in meiosis I.

2. Of the approximately 300,000 oocytes still present at age seven, only about 400-500 will mature in a lifetime.

3. The follicle consists of a layer of cells (granulosa) surrounding the primary oocyte; the granulosa cells gradually deposit a layer of material (zona pellucida) around the follicle.

4. During the menstrual cycle, one oocyte resumes meiosis I to form a secondary oocyte and a polar body (both haploid).

4. At about midcycle, there is a surge of LH that causes ovulation–the release of the secondary oocyte.

B. Cyclic Changes in the Uterus

1. During the first half of the cycle, the hypothalamus signals the anterior pituitary to release LH and FSH, which in turn stimulate the ovary to secrete estrogen which stimulates growth of the endometrium.

2. The corpus luteum persists for about twelve days following ovulation, secreting progesterone that inhibits further FSH and LH secretion.

3. If fertilization does not occur, the corpus luteum degenerates, progesterone and estrogen levels fall, and FSH and LH are again secreted to begin another cycle.

X. Visual Summary of the Menstrual Cycle

[This section consists of an excellent diagram depicting the sequential events of the menstrual cycle.]

XI. Pregnancy Happens

A. Sexual Intercourse

1. In male sexual arousal, the spongy tissue spaces inside the penis become filled with blood to cause an erection.

2. During coitus, mechanical stimulation of the penis causes involuntary contractions that force semen out and into the vagina.

3. Ejaculation in the male, and similar contractions in the female, are termed orgasm.

B. Fertilization

1. Of the 150 million to 350 million sperm deposited in the vagina during coitus, only a few hundred ever reach the upper region of the oviduct where fertilization occurs.

2. Only one sperm will successfully enter the cytoplasm of the secondary oocyte after digesting its way through the zona pellucida.

a. The arrival of that sperm stimulates the completion of meiosis II, which yields a mature ovum.

b. The sperm nucleus fuses with the egg nucleus to restore the diploid chromosome number.

XII. Formation of the Early Embryo

A. Pregnancy lasts an average of 38 weeks.

1. Embryo formation takes about two weeks.

2. The embryonic period lasts from the third to the end of the eighth week.

3. The fetal period extends from the eighth week until birth.

B. Early Cleavage and Implantation

1. During the first few days after fertilization, the zygote undergoes repeated cleavages as it travels down the oviduct.

2. By the time it reaches the uterus, it is a solid ball of cells (morula), which is transformed into a blastocyst.

a. Before the first week ends, the human blastocyst contacts and adheres to the uterine lining.

b. The inner cell mass of the blastocyst is transformed into an embryonic disk that will develop into the embryo proper within the next week.

C. Extraembryonic Membranes 

1. The membranes and their functions are:

a. The amnion is a fluid-filled sac that keeps the embryo from drying out and acts as a shock absorber.

b. The yolk sac becomes a site for blood cell formation.

c. The chorion, a protective membrane around the embryo, forms a portion of the placenta and secretes a hormone (human chorionic gonadotropin) that maintains the uterine lining after implantation.

d. The allantois does not function in waste storage (as it does in birds) but is active in blood formation and formation of the urinary bladder.

2. Cells of the blastocyst secrete the hormone HCG, which stimulates the corpus luteum to continue the secretion of estrogen and progesterone.

XIII. Emergence of the Vertebrate Body Plan

A. By the third week of development, a two-layered embryonic disk consisting of ectoderm and endoderm has formed.

1. The "primitive streak", a forerunner of the neural tube from which the brain and spinal cord will form, has appeared.

2. Some cells also form the notochord, from which the vertebrae will form.

B. Toward the end of the third week, mesoderm has developed and is giving rise to somites–segments of bones and skeletal muscles.

XIV. On the Importance of the Placenta

A. The placenta is a combination of endometrial tissue and embryonic chorion.

B. Materials are exchanged from blood capillaries of mother to fetus, and vice versa, by diffusion; the maternal blood and fetal blood do not mix!

XV. Emergence of Distinctly Human Features

A. By the end of the fourth week the embryo has embarked on an intricate program of cell differentiation and morphogenesis, including development of limbs, circulation, and umbilical cord.

B. The second trimester encompasses months four, five, and six; the individual is now called a fetus; the heart is beating; fuzzy hair (lanugo) covers the body.

C. The third trimester extends from month seven until birth; the earliest delivery in which survival on its own is possible is the middle of this trimester.

XVI. Focus on Health: Mother as Provider, Protector, Potential Threat

XVII. From Birth Onward

A. Giving Birth 

1. Birth begins with contractions of the uterine muscles; the cervical canal dilates, and the amniotic sac ruptures.

2. The fetus is expelled accompanied by fluid and blood; the umbilical cord is severed; finally the placenta is expelled.

B. Nourishing the Newborn

1. The mammary glands first produce a special fluid for the newborn; then, under the influence of prolactin, they produce milk.

2. Oxytocin is released in response to suckling and further increases the milk supply.

C. Regarding Breast Cancer

1. An average of 100,000 women develop breast cancer each year.

2. Chances for cure are excellent with early detection and treatment.

D. Postnatal Development and Aging

1. The stages of postnatal development are: newborn (first two weeks) ––> infant (2 weeks to 15 months) ––> child (to 12 years) ––> pubescent (individual at puberty) ––> adolescent (from puberty to 3—4 years later) ––> adult.

2. Aging is the progressive cellular and bodily deterioration built into the life cycle of all organisms.

a. Some experiments indicate that cells have a limited division potential (is this the cause or the result of aging?).

b. Perhaps aging is loss of the capacity for DNA self-repair, or perhaps autoimmune responses intensify over time, producing increased vulnerability to disease and stress.

XVIII. Control of Human Fertility

A. Some Ethical Considerations

1. When does development begin? When does life begin?

2. What about overpopulation compared to available resources?

3. What about the consequences of unwanted pregnancies?

B. Birth Control Options

1. Abstention is most effective but unrealistic.

2. In the rhythm method, there is no intercourse during the days when an egg is capable of being fertilized.

3. Withdrawal before ejaculation would seem to be effective but is not.

4. Douching is similarly ineffective due to the speed with which sperm enter the uterus.

5. Surgery to cut and tie the oviducts (tubal ligation) or vas deferens (vasectomy) is effective and generally considered an irreversible method to prevent sperm and egg union.

6. Spermicidal foam and jelly are toxic to sperm but not reliable unless used in combination with a barrier device.

7. A diaphragm fits over the cervix and prevents entry of sperm into the uterus.

8. Condoms prevent sperm deposition in the vagina but must be used with care.

9. The birth control pill contains synthetic female hormones and prevents ovulation when taken faithfully according to directions.

10. Progestin injections or implants provide several months of ovulation inhibition.

11. RU-486, the "morning-after pill" intercepts pregnancy by blocking fertilization or preventing implantation.

XIX. Focus on Health: Sexually Transmitted Diseases





CHAPTER 40: Community Interactions


No Pigeon Is an Island

A. Nine species of large and small pigeons live in the rain forests of New Guinea, each with its own role in the forest.

B. But the trees, insects, decomposers–every living thing–are also interacting directly or indirectly with their neighbors.

I. Which Factors Shape Community Structure?

A. A community is an association of interacting populations of different species living in a particular habitat.

1. A habitat is a place where an organism lives; it is characterized by distinctive physical features and vegetation; these factors affect the habitat:

a. Interactions between climate and topography dictate rainfall, temperature, soil composition, and so on.

b. Availability of food and resources affects inhabitants.

c. Adaptive traits enable individuals to exploit specific resources.

d. Interactions of various kinds occur among the inhabitants; these include competition, predation, and mutualism.

e. Physical disturbances, immigration, and episodes of extinction affect the habitat.

3. Several community properties are the result of the factors above.

a. Varying numbers of species are found in feeding levels from producers to consumers.

b. Diversity tends to increase in tropical climates, creating species richness.

B. The Niche 

1. The niche of each species is defined by the sum of activities and relationships in which its engages to secure and use the resources necessary for its survival and reproduction.

2. The niche can also be thought of as the "role" each species plays in the habitat.

C. Categories of Species Interactions

1. Interactions can occur between any two species in a community and between entire communities.

2. There are several types of species interactions:

a. Neutral: neither species directly affects the other (example: eagles and grass).

b. Commensalism: one species benefits and the other is not affected (example: bird’s nest in tree).

c. Mutualism: there is a symbiotic relationship where both species benefit.

d. Interspecific competition: both species are harmed by the interaction.

e. Predation and parasitism: one species (predator or parasite) benefits while the other (prey or host) is harmed.

II. Mutualism

A. The yucca moth feeds only on the yucca plant, which is completely dependent on the moth for pollination–classic example of mutualism that is obligatory.

B. This example is a form of symbiosis which implies an intimate and rather permanent interdependence of the two species on one another for survival and reproduction.

III. Competitive Interactions

A. Categories of Competition

1. Competition within a population of the same species (intraspecific) is usually fierce and may result in depletion of a resource.

2. Interspecific competition is less intense because requirements are less similar between the competitors.

3. There are two types of competitive interactions regardless of whether they are inter- or intraspecific:

a. In exploitation competition, all individuals have equal access to a resource but differ in their ability (speed or efficiency) to exploit that resource.

b. In interference competition, some individuals limit others’ access to the resource.

B. Competitive Exclusion

1. Competitive exclusion suggests that complete competitors cannot coexist indefinitely.

a. When competitors’ niches do not overlap as much, the coexistence is more probable.

b. Differences in adaptive traits will give certain species the competitive edge.

2. A keystone species is a dominant one that dictates community structure; for example: sea stars control the abundance of mussels, limpets, chitons, and barnacles.

C. Resource Partitioning

1. Similar species share the same resource in different ways.

2. Resource partitioning arises in two ways:

a. Ecological differences between established and competing populations may increase through natural selection.

b. Only species that are dissimilar from established ones can succeed in joining an existing community.

V. Predation and Parasitism

A. "Predator" Versus "Parasite"

1. Predators get their food from prey, but they do not take up residence on or in the prey.

2. Parasites get their food from hosts, and they live on or in the host for a good part of their life cycle; they may or may not kill the host.

B. Dynamics of Predator-Prey Interactions

1. The dynamics, ranging from stable coexistence to recurring cycles, depend on the:

a. carrying capacity of prey population in the absence of predation,

b. reproductive rates of the prey and predator,

c. behavioral capacity of the individual predators to respond to prey density.

2. Stable coexistence results when predators prevent prey from overshooting the carrying capacity.

3. Fluctuations in population density tend to occur when predators do not reproduce as fast as their prey, when they can eat only so many prey, and when carrying capacity for prey is high.

C. Dynamics of Parasite-Host Interactions

1. True parasites live in or on a host organism and gain nourishment by tapping into its tissues.

a. Parasites and hosts tend to survive together; usually parasites only kill hosts without coevolved defenses.

b. Ectoparasites live on a host’s surface; endoparasites live inside a host’s body.

c. Microparasites include bacteria, viruses, and protozoans; macroparasites include flatworms, roundworms, and small arthropods.

2. Social parasites complete their life cycle by drawing on social behaviors of another species; for example the cowbird never builds its own nest but gets other birds to incubate its eggs.

3. Parasites and parasitoids have five attributes that make them good biocontrol agents:

a. They are well adapted to the host species and their habitat.

b. They are exceptionally good at searching for hosts.

c. Their growth rate is high relative to that of the host species.

d. They are mobile enough for adequate dispersal.

e. The lag time between responses to changes in the numbers of the host population is minimal.

2. Care must be taken in releasing more that one kind of control agent in a given area due to the possibility of triggering competition among them and lessening their overall level of effectiveness.

V. Focus on the Environment: The Coevolutionary Arms Race

VI. Forces Contributing to Community Stability

A. A Successional Model

1. Ecological succession is the predictable development of species in a community.

a. Pioneer species are the first to colonize an area, followed by more competitive species.

b. A climax community is the most persistent array of species that results after some lapse of time.

2. Primary succession happens in an area that was devoid of life.

3. In secondary succession, a community reestablishes itself to a climax state after a disturbance that allows sunlight to penetrate.

B. The Climax-Pattern Model

1. It was once thought that the same general type of community would always develop in a given region because of constraints imposed by climate.

2. According to the climax-pattern model, a community is adapted to a total pattern of environmental factors–climate, soil, topography, wind, fires, etc.–to create a continuum of climax stages of succession.

C. Cyclic, Nondirectional Changes

1. Community stability may require episodes of instability that permit cyclic replacement of equilibrium species, thus maintaining the climax community.

2. A good example are the necessary fires in the forests of California that rid the areas of underbrush.

D. Restoration Ecology

1. Natural restoration during secondary succession is a slow process.

2. In active restoration humans take action to speedup the re-establishment process.

VII. Community Instability

A. Over the short-term, disturbances can hamper the growth of some populations, and long-term changes in climate or other environmental variable may have destabilizing effects.

1. Over several generations, a population may expand its home range by gradually diffusing into hospitable outlying regions.

2. During the course of a lifetime, individuals may be rapidly transported across great distances (jump dispersal), as in bilge water of large ships.

a. Some introduced species have proved beneficial: soybeans, rice, wheat, corn and potatoes.

b. Others are notoriously bad: water hyacinth, kudzu, rabbits in Australia, gypsy moths, zebra mussels, and Africanized bees.

B. A population may move out from its home range over geologic time, as by continental drift.

VIII. Focus on the Environment: Exotic and Endangered Species

IX. Patterns of Biodiversity

A. What Causes Mainland and Marine Patterns?

1. The number of species increases from the Arctic regions to the temperate zone to the tropics.

2. Diversity is favored in the tropics for three reasons:

a. More rainfall and sunlight provides more food reserves.

b. Species diversity is self-reinforcing from herbivores to predators and parasites.

c. Traditionally, the rate of speciation has exceeded the rate of extinction.

B. What Causes Island Patterns?

1. Islands distant from source areas receive fewer colonizing species (distance effect).

2. Larger islands tend to support more species (area effect).

3. Species numbers increase on new islands and reach a stable number that is a balance between immigration rate for species new to the island and the extinction rate for established species.





CHAPTER 41: Ecosystems


Crêpes for Breakfast, Pancake Ice for Dessert

A. At a glance, Antarctica is a barren continent of mostly ice and extremes of cold.

B. But it also is home to unique wildlife and it is fragile.

C. The nations of the world have finally come to some agreement on why and how it should be preserved.

I. The Nature of Ecosystems

A. Overview of the Participants

1. Regions on the earth function as systems running on energy from the sun processed through various organisms.

2. Primary producers are autotrophs that can capture sunlight energy and incorporate it into organic compounds.

3. Consumers are heterotrophs that feed on tissues of other organisms.

a. Herbivores eat plants.

b. Carnivores eat animals.

c. Parasites reside in or on living hosts and extract energy from them.

d. Omnivores eat a variety of organisms.

4. Decomposers are also heterotrophs and include fungi and bacteria that extract energy from the remains or products of organisms.

5. Detritivores include small invertebrates that feed on partly decomposed particles of organic matter (detritus).

6. An ecosystem is a complex of organisms interacting with one another and with the physical environment.

a. Ecosystems are open systems through which energy flows and materials are cycled.

b. Ecosystems require energy and nutrient input and generate energy (usually as heat) and nutrient output.

B. Structure of Ecosystems

1. Trophic Levels

a. Trophic ("feeding") levels are a hierarchy of energy transfers, or bluntly stated, "Who eats whom?"

b. Level 1 (closest to the energy source) consists of producers; level 2 comprises herbivores; and levels 3 and above are carnivores.

c. Decomposers feed on organisms from all levels.

2. Food Webs

a. A sequence of who eats whom is called a food chain; example: algae ––> fish ––> fisherman ––> shark.

b. Interconnected food chains comprise food webs in which the same food resource is often part of more than one food chain.

II. How Does Energy Flow Through Ecosystems?

A. Primary Productivity

1. Primary productivity is the rate of photosynthesis for the ecosystem during a specified interval.

2. Net primary productivity is the rate of energy storage in plant tissues in excess of the rate of respiration by the plants themselves.

B. Major Pathways of Energy Flow

1. Energy flows into ecosystems from the sun.

a. Energy flows through ecosystems by way of grazing food webs, in which energy flows from plants to herbivores and then to carnivores.

b. In detrital food webs it flows mainly from plants through decomposers and detritivores.

2. Energy leaves ecosystems through heat losses generated by metabolism.

C. Ecological Pyramids

1. Trophic structure can be diagrammed as a pyramid in which producers form a base for successive tiers of consumers above them.

2. Pyramids can be of two basic types:

a. A pyramid of biomass makes provision for differences in size of organisms by using the weight of the members in each trophic level.

b. A pyramid of energy reflects the trophic structure most accurately because it is based on energy losses at each level.

III. Focus on Science: Energy Flow at Silver Springs, Florida

IV. Biogeochemical Cycles–An Overview

A. Biogeochemical cycles influence the availability of essential elements in ecosystems.

1. Elements are available to producers as ions.

2. Nutrient reserves are maintained by environmental inputs and recycling activities.

3. The amount of nutrients being cycled is greater than the amount entering or leaving.

4. Environment inputs are by precipitation, metabolism, and weathering. Outputs are by runoff and evaporation.

B. There are three categories of biogeochemical cycles:

1. In the hydrologic cycle, oxygen and hydrogen move as water molecules.

2. In the atmospheric cycles, elements can move in the gaseous phase; examples include carbon and nitrogen.

3. In sedimentary cycles, the element does not have a gaseous phase; an example is phosphorus.

V. Hydrologic Cycle

A. Water is moved or stored by evaporation, precipitation, retention, and transportation.

B. Water moves other nutrients in or out of ecosystems.

1. A watershed funnels rain or snow into a single river.

2. Nutrients are absorbed by plants to prevent their loss by leaching.

VI. Sedimentary Cycles

A. A Look at the Phosphorus Cycle

1. Phosphorus moves from land, to sediments in the seas, and back to the land in its long-term geochemical phase of the cycle.

2. In the ecosystem phase, plants take up the phosphorus from the soil; it is then transferred to herbivores and carnivores, which excrete it in wastes and their own decomposing bodies.

B. Eutrophication

1. Water enriched with phosphorus-containing fertilizers promotes dense algal blooms.

2. Activities that increase the concentrations of dissolved nutrients can lead to eutrophication–the enrichment of any aquatic ecosystem.

VII. Carbon Cycle

A. Carbon enters the atmosphere (where it exists as carbon dioxide) by aerobic respiration, fossil-fuel burning, and volcanic eruptions.

B. Carbon is removed from the atmosphere (and bodies of water) by photosynthesizers and shelled organisms.

C. Decomposition of buried carbon compounds millions of years ago caused the formation of fossil fuels.

D. Burning of fossil fuels puts extra amounts of carbon dioxide into the atmosphere, an occurrence that may lead to global warming–the greenhouse effect.

VIII. Focus on the Environment: From Greenhouse Gases to a Warmer Planet?

IX. Nitrogen Cycle

A. Nitrogen is needed for proteins and nucleic acids.

1. It is abundant in the atmosphere (80 percent) but not in the earth’s crust.

2. Of all the nutrients needed for plant growth, nitrogen is the scarcest.

B. Cycling Processes

1. In nitrogen fixation, bacteria convert N2 to NH3, which is then used in the synthesis of proteins and nucleic acids which become incorporated into plant, then animal tissues.

2. Decomposition and ammonification occurs when bacteria and fungi decompose dead plants and animals and release excess ammonia or ammonium ions.

3. Nitrification is a type of chemosynthesis where NH3 or NH4+ is converted to 
NO2—; other nitrifying bacteria use the nitrite for energy and release NO3—.

C. Nitrogen Scarcity

1. Although the soil is enriched by nitrogen-fixing bacteria, soil nitrogen is still scarce due to leaching, denitrification, and farming methods that emphasize synthetic fertilizers.

2. Denitrification is the release of nitrogen gas to the atmosphere by the action of bacteria (NO2— and NO3— ––> N2).

3. Air pollutants, including oxides of nitrogen, contribute to soil acidity.

4. Heavy nitrogen applications not only are costly and are lost in runoff and harvested crops.

X. Focus on Science: Ecosystem Modeling

CHAPTER 42: The Biosphere


Does a Cactus Grow in Brooklyn?

A. Unrelated species in distant regions often show striking similarities.

B. The distribution of species is related to climate, topography, and species interactions.

C. The biosphere is the sum total of all the earth regions where organisms live.

1. Hydrosphere = all water on or near the earth’s surface.

2. Lithosphere = the earth’s outer, rocky layer.

3. Atmosphere = gases, particles, and water vapor enveloping the earth.

D. Climate includes temperature, humidity, wind velocity, cloud cover, and rainfall; it is shaped by four factors:

1. variations in the amount of incoming radiation,

2. the earth’s daily rotation and annual revolution,

3. the world distribution of continents and oceans, 

4. the elevation of land masses.

I. Air Circulation Patterns and Regional Climates

A. The atmosphere has mediating effects on the earth’s climate. 

1. Ultraviolet radiation is absorbed by ozone and oxygen in the upper atmosphere.

2. Clouds, dust, and water vapor in the atmosphere absorb and reflect solar radiation.

3. Radiation warms the earth’s surface and generates heat that drives the earth’s weather systems.

B. Air currents are the result of heating from the sun.

1. The sun differentially heats equatorial and polar regions creating the world’s major temperature zones.

2. Warm equatorial air rises, cools, releases its moisture, and spreads northward and southward where it descends at 30o latitudes as very dry air (results in deserts).

3. The air is warmed again and ascends at 60o latitudes; as it moves toward the poles, regional areas receive varying amounts of rainfall that in turn influence ecosystems.

C. The amount of solar radiation reaching the earth’s surface changes in the Northern and Southern hemispheres; this results in seasonal changes in climate.

II. Oceans, Land Forms, and Regional Climates

A. Ocean Currents and Their Effects

1. Ocean water covers 71 percent of the earth’s surface.

2. Latitudinal and seasonal variations in solar heating cause ocean water to warm and cool on a vast scale.

a. Surface waters tend to move from the equator to the poles, warming the air above.

b. Currents form because of the earth’s rotation, winds, variations in temperature, and distribution of land masses.

3. Immense circular water movements in the Atlantic and Pacific Oceans influence the distribution of ecosystems.

B. Regarding Rain Shadows and Monsoons

1. Topography refers to physical features of a region, such as elevation.

2. Mountains, valleys, and other features influence regional climates.

a. Monsoon rains occur when warm winds pick up ocean moisture and release it over the cooler land masses of Asia and Africa.

b. The mountains of the western United States cause the winds from the ocean to rise, cool, and lose their moisture.

c. As the winds descend on the leeward (eastern) slopes, they gain moisture from the earth and its vegetation causing a rain shadow effect.

III. The World’s Biomes

A. Biogeographic Distribution

1. Climatic factors determine patterns of vegetation and why unrelated species may have similar adaptations.

2. Biogeography is the study of the global distribution of species.

B. Biogeographic Realms and Biomes

1. Biogeographic realms are very broad land regions with characteristic types of plants and animals; there are six of these.

2. Biomes are large vegetational subdivisions including all animals and other organisms.

a. Biome distribution corresponds with climate, topography, and soil type.

b. The form of the dominant plants tells us something of the weather conditions.

IV. Soils of Major Biomes

A. Soil is a mixture of rock, mineral ions, and organic matter.

1. The size of the rock can range from gravel, to sand, silt, and clay.

2. The organic matter, in variable stages of decomposition, is called humus.

B. Soil profiles are defined by the composition of soil from the surface downward.

1. Topsoil has the most humus and is the most vulnerable to weathering.

2. Loam topsoils have the best mix of sand, silt, and clay for agriculture.

V. Deserts 

A. Deserts are areas where evaporation exceeds rainfall (30o north and south latitudes).

1. Vegetation is scarce but there is some diversity.

2. Day/night temperatures fluctuate widely.

B. More than a third of the world’s total land area is arid or semiarid due to drought and overgrazing, which can lead to desertification.

VI. Dry Shrublands, Dry Woodlands, and Grasslands 

A. Dry shrublands and dry woodlands occur in western or southern coastal regions of the continents between 30o and 40o north and south latitudes.

1. The climate is semiarid; rains occur during mild winter months.

2. Summers are long, hot, and dry; dominant plants have tough, evergreen leaves.

B. Dry shrublands prevail when rainfall is less than 25—60 cm (example: the highly flammable California chaparral).

C. Dry woodlands occur when rainfall is about 40—100 cm; there are trees but not in dense forests.

D. Grasslands extend across the interior of continents in the zones between deserts and temperate forests.

1. Characteristics include: flat or rolling land, high rates of evaporation, limited rainfall, grazing and burrowing animals, and few forests.

2. There are several types around the world:

a. Shortgrass prairie of the American Midwest is typified by short, drought-resistant grasses that have been replaced by grains that require irrigation.

b. Tallgrass prairie was originally found in the American West where water was more plentiful.

c. Savannas such as the African savanna are hot, dry and bear small bushes among the grass. 

d. The monsoon grasslands of southern Asia experience seasons of torrential rain alternating with near drought.

VII. Tropical Rain Forests and Other Broadleaf Forests

A. Evergreen broadleaf forests occur between 20o N and S latitude.

1. Most typical is the tropical rain forest where temperatures, rainfall, and humidity are all high.

2. Plant growth is luxuriant, with competing vines; there is incredible animal diversity.

B. Deciduous broadleaf forests are common at temperate latitudes.

1. In the tropical deciduous forest, many trees drop some or all of their leaves during the pronounced dry season.

2. The monsoon forests of Southeast Asia also have such trees.

3. In the temperate deciduous forests of North America, conditions of temperature and rainfall do not favor rapid decomposition; thus, nutrients are conserved to provide fertile soil.

VIII. Coniferous Forests

A. The typical "tree" in these forests is some variety of evergreen cone-bearer with needlelike leaves.

B. These forests are found in widely divergent geographic areas:

1. Boreal forests (or taiga) are found in the cool to cold northern regions of North America, Europe, and Asia; spruce and balsam fir are dominant.

2. Montane coniferous forests extend southward through the great mountain ranges; fir and pine dominate.

3. Temperate rain forest parallels the west coast of North America and features sequoias and redwoods.

4. Southern pine forests grow in the sandy soil of south Atlantic and Gulf states.

IX. Tundra

A. Arctic tundra lies to the north of the boreal forests; it is a vast treeless plain, very cold, with low moisture; it is characterized by permafrost, which prevents growth of large trees.

B. Alpine tundra occurs at high elevations in mountains throughout the world.

X. Freshwater Provinces

A. The earth’s water provinces, which include lakes, rivers, ponds, estuaries, wetlands, shores, coral reefs, and open oceans, are more extensive than the biomes.

B. Lake Ecosystems

1. A lake is body of freshwater with three zones:

a. The littoral zone extends from the shore to where rooted plants stop growing.

b. The limnetic zone includes open, sunlit waters beyond the littoral to a depth where photosynthesis is no longer significant; plankton life is abundant.

c. The profundal zone is the deep, open water below the depth of light penetration; detritus sinks from the limnetic and is acted upon by decomposers.

2. In temperate regions, lakes undergo changes in density and temperature.

a. In winter, ice (less dense) forms on the surface over water that is warmer, much of it at 4o C (greatest density), and heavier.

b. During the spring overturn, warming and winds cause oxygen to be carried downward and nutrients to the surface.

c. By midsummer a thermocline between the upper warmer layers and lower cooler layers prevents vertical warming.

d. During autumn, the upper layers cool and sink causing a fall overturn.

3. Interactions of soils, basin shape, and climate produce a continuum of trophic structure.

a. Oligotrophic lakes are deep, nutrient-poor, and low in primary productivity.

b. Eutrophic lakes are shallow and nutrient-rich often due to agricultural and urban runoff wastes.

C. Stream Ecosystems

1. Streams start out as freshwater springs or seeps.

2. Three kinds of habitats form along a continuum from head waters to river’s end:

a. Riffles are shallow, turbulent stretches where water flows swiftly over sand and rock.

b. In pools, deep water flows slowly over a smooth, sandy or muddy bottom.

c. Runs are fast-flowing waters with a smooth surface and a bottom of bedrock or rock and sand.

3. Several factors affect streams:

a. Average flow and temperature are influenced by geography, altitude, and forest shade.

b. Volume and temperature vary with rainfall, snow melt, drought, and the seasons.

c. Chemistry and pollution of the water depend on materials leached into, or added to, the stream.

d. Streams erode their valleys and participate in cycles of erosion and redeposition of sediments and nutrients.

XI. The Ocean Provinces

A. The open ocean consist of two vast provinces:

1. The benthic province includes all the sediments and rocky formations of the ocean bottom.

2. The pelagic province includes the entire volume of ocean water and is subdivided into two zones:

a. The neritic zone constitutes the relatively shallow water overlying the continental shelves.

b. The oceanic zone is the water over the ocean basins; photosynthetic activity is restricted to the surface.

B. Primary Productivity in the Oceans

1. Phytoplankton are the beginning of ocean food webs; organic remains and wastes enter the detrital webs.

2. As much as seventy percent of the productivity may be from microscopic ultraplankton.

C. Hydrothermal Vents

1. In the fissures between the earth’s crustal plates, water becomes heated and laden with minerals as it escapes.

2. Elaborate food webs are supported at this site.

XII. Coral Reefs and Banks

A. The Master Builders

1. Coral reefs are the accumulated remains of countless corals and other organisms.

a. Most are located in the clear, warm waters between latitudes 25o north and south.

b. The countless skeletons of corals plus other organisms provide a substrate on which many species of corals and other organisms live.

2. Coral banks are located farther north and south at the edges of the continental shelves near Japan, California, Norway, England, and New Zealand.

B. The Once and Future Reefs

1. Dinoflagellate residents of the reefs will die when stressed, leaving the coral polyps without their helpful symbionts.

2. Human activities are destroying the reefs with pollution and physical damage.

XIII. Life Along the Coasts

A. Estuaries

1. Estuaries are partially enclosed regions where fresh and salt water meet.

2. Estuaries are incredibly productive feeding and breeding grounds for many animals.

B. The Intertidal Zone

1. The intertidal-zone inhabitants are alternately exposed and submerged; existence is difficult.

2. Rocky shores have three vertically arranged zones:

a. The upper littoral is submerged only during the highest possible lunar tide; it is sparsely populated.

b. The mid-littoral is submerged during the regular tide and exposed at the lowest tide of the day.

c. The lower littoral is exposed only during the lowest lunar tide.

3. Sandy and muddy shores are rather unstable stretches of loose sediments; detrital food webs occur; invertebrates are plentiful.

C. Upwelling Along Coasts

1. Upwelling is the upward movement of deep, nutrient-rich water along the margins of continents.

a. Under the influence of northern winds and the earth’s rotation, water along the western coasts of the Northern Hemisphere move westward where cold, deep water moves in vertically to replace it.

b. At places where currents stir the ocean water and circulate nutrients, primary productivity increases.

2. Every three to seven years, the warm surface waters of the western equatorial Pacific move eastward to the coasts of South and Central America to cause "downwelling"–a phenomenon known as El Niño,.

XIV. Focus On Science Rita in the Time of Cholera

CHAPTER 43: Human Impact on the Biosphere


An Indifference of Mythic Proportions

A. Interactions between the atmosphere, oceans, and land are the engines of the biosphere.

1. Humans have been straining these engines without appreciating that they can crack.

2. For example, our carbon dioxide waste is contributing to a "greenhouse effect" (global warming).

B. Population growth and individual demands are stressing the environment.

I. Air Pollution–Prime Examples

A. Pollutants are substances with which ecosystems have no prior evolutionary experience and therefore cannot deal with them.

1. Air pollutants include carbon dioxide, oxides of nitrogen and sulfur, and chlorofluorocarbons.

2. Each day 700,000 metric tons of pollutants are dumped into the atmosphere in the United States alone.

B. Smog

1. Thermal inversions can trap pollutants close to the ground. 

2. Industrial smog is gray air found in industrial cities that burn fossil fuel.

3. Photochemical smog is brown air found in large cities in warm climates; for example, gases from cars form car exhaust.

C. Acid Deposition

1. Burning coal produces sulfur dioxides.

2. Burning fossil fuels and fertilizers results in nitrogen oxides.

3. Tiny particles of these oxides can fall to the earth in two forms: dry acid deposition or acid rain. 

II. Ozone Thinning–Global Legacy of Air Pollution

A. Ozone in the lower stratosphere absorbs most of the ultraviolet radiation from the sun.

1. The thinning of the ozone layer has produced an ozone hole over Antarctica. 

2. In response, skin cancer has increased, cataracts may increase, and phytoplankton may be affected.

B. Chlorofluorocarbons (CFCs) seem to be the cause–one chlorine atom can convert 10,000 ozone molecules to oxygen.

III. Where to Put Solid Wastes? Where to Produce Food?

A. Oh Bury Me Not, In Our Own Garbage

1. Paper products and nonreturnable bottles and cans are perhaps our biggest problems.

2. We face a challenge to move from a "throwaway" society to one of conservation and reuse.

B. Converting Marginal Lands for Agriculture 

1. Almost 21% of land is used for agriculture; another 28% is available but may not be worth the cost.

2. The green revolution has increased crop yields but uses many times more energy and mineral resources.

3. A growing human population is moving into marginal lands to meet its increasing needs.

IV. Deforestation–Concerted Assaults on Finite Resources

A. Forests are watersheds; they control erosion, flooding, and sediment buildup in rivers and lakes.

1. Deforestation can reduce fertility, change rainfall patterns, increase temperatures, and increase carbon dioxide.

2. Clearing large tracts of tropical forests may have global repercussions, such as alteration of rates of evaporation, transpiration, runoff, and rainfall as wells as photosynthetic activity rates.

B. In shifting cultivation (once called slash-and-burn agriculture) trees are cut, the land used for a few growing seasons and then abandoned as fertility plummets.

V. Focus on Bioethics: You and the Tropical Rain Forest

VI. Who Trades Grasslands for Deserts?

A. Desertification is the conversion of grasslands and croplands to desert-like conditions.

1. The term also applies when agricultural productivity drops by ten percent or more.

2. At least 200,000 square kilometers are being converted annually.

B. Large-scale desertification is caused by overgrazing of cattle (non-native) on marginal lands.

VII. A Global Water Crisis

A. Most of the earth’s water is too salty for human consumption or for agriculture; desalination is very costly

B. Consequences of Heavy Irrigation 

1. Large-scale agriculture accounts for nearly two-thirds of the human population’s use of fresh water.

2. Salt buildup (salinization) of the soil and waterlogging can result.

3. Withdrawal of underground water causes water tables to drop.

C. Water Pollution

1. Human waste, insecticides, herbicides, chemicals, radioactive materials, and heat can pollute water.

2. Wastewater treatment occurs on as many as three levels:

a. Primary treatment removes and then burns sludge before it is dumped in landfills; chlorine is added to water.

b. Secondary treatment uses microbes to degrade organic matter–nitrates, viruses, toxic substances remain.

c. Tertiary treatment uses experimental methods to remove solids, phosphates, organics, etc.; it is used on only about 5% of the nation’s wastewater.

D. The Coming Water Wars

1. In the past decade, thirty-three nations have engaged in conflicts over reductions in water flow, pollution, and silt buildup.

2. By restricting water flow, countries upstream may attempt to influence political behavior in countries downstream.

VIII. A Question of Energy Inputs

A. Increases in human population and extravagant life-styles increase consumption. 

B. Fossil Fuels

1. Fossil fuels are a limited resource, extraction costs are increasing, and atmospheric levels of carbon dioxide and sulfur dioxides are also increasing.

2. Extraction and use of abundant reserves of oil shale and coal are not "environmentally attractive."

C. Nuclear Energy

1. With nuclear energy, the net energy produced is low and the cost high compared with coal-burning plants.

2. Meltdowns may release large amounts of radioactivity to the environment.

3. Nuclear waste is so radioactive that it must be isolated for 10,000 years.

IX. Alternative Energy Sources

A. Solar-Hydrogen Energy

1. Solar-hydrogen energy is an attractive technology because it depends on the renewable energy source–the sun.

2. Photovoltaic cells produce an electric current that splits water into oxygen and hydrogen gas which can be used directly as fuel or to produce electricity.

B. Wind Energy

1. Where winds travel faster than 7.5 meters per second, wind turbines are cost-effective producers of electricity.

2. Because winds do not blow on a regular schedule, wind turbines cannot be the exclusive source of energy.

C. What About Fusion Power?

1. Temperatures like those on the sun cause atomic nuclei to fuse and release energy.

2. Fusion power on Earth is possible but many obstacles make the technology a distant possibility.

X. Focus On Bioethics: Biological Principles and the Human Imperative




CHAPTER 44: An Evolutionary View of Behavior


Deck the Nest With Sprigs of Green Stuff

A. Starlings decorate their nests with fresh sprigs of nearby greenery.

B. Research has shown that this is not for camouflage, nor is it for insulation; rather, it is to reduce the number of parasitic mites that may be in the nesting hole.

I. The Heritable Basis of Behavior

A. Genes and Behavior

1. Animal behavior involves coordinated responses to external and internal stimuli, using interactions among nervous, endocrine, and skeletal-muscular systems.

2. Genes contribute in an indirect way to behavior by influencing development of the nervous system.

3. Illustration: Feeding preferences of garter snakes in California show–

a. Newborn offspring of coastal parents readily ate banana slugs; offspring of inland parents rejected them.

b. Offspring "hybrid" snakes responded more to banana slug scent but less than did typical newborn coastal snakes.

B. Hormones and Behavior

1. Hormones are signaling molecules that can affect a series of behavioral responses.

2. Illustration: Changing photoperiod causes the pineal in songbirds to reduce its melatonin secretion, which in turn allows the gonads to release their hormones.

a. Estrogen in males influences the development of the "sound system." 

b. During the breeding season, testosterone triggers the singing.

C. Instinctive Behavior Defined

1. In instinct behavior, components of the nervous system allow an animal to accomplish complex, stereotyped responses to certain sign stimuli (cues); fixed action pattern.

2. Newly hatched cuckoos push their foster parents’ eggs out of the nest.

3. Human infants mimic the smiling face of an adult, or a face mask with two eyelike spots.

II. Learned Behavior

A. Learned behavior incorporates information that has been gained from specific experiences.

1. A toad flips out its tongue at moving objects but learns to avoid black and yellow ones that sting–bumblebees.

2. Experiments with sparrows show that the ability to produce distinctive songs is both instinctive and learned.

B. Other categories of learned behavior include:

1. Classical conditioning in which animals learn to associate a stimulus (such as a bell) with food and later salivate at the sound without the presence of food.

2. Operant conditioning in which an animal learns to associate a voluntary activity with it consequences.

3. Habituation in which an animal learns NOT to respond to a situation if the response has neither positive nor negative consequences.

4. Spatial or latent learning in which the animal acquires a mental map of some region.

5. Insight learning in which an animal abruptly solves some problem without trial-and-error attempts at the solution.

III. The Adaptive Value of Behavior

A. Definitions used in describing behavioral evolution:

1. Natural selection is a measure of the difference in survival and reproduction among individuals that differ in heritable traits.

2. Reproductive success refers to the survival and production of offspring.

3. Adaptive behavior promotes reproductive success.

4. Social behavior is the cooperative, interdependent relationships among individuals of the same species.

5. Selfish behavior occurs when an individual increases its chances of producing offspring.

6. Altruistic behavior is self-sacrificing behavior that helps others and decreases the individual’s own chance to reproduce.

B. Is there a relationship between selection and feeding behavior?

1. Natural selection seems to favor the individual more than the species.

2. Studies of ravens show that a raven feeding outside its own territory will call loudly to attract other nonterritorials and thus attempt to overwhelm any defensive behavior of resident ravens.

IV. Communication Signals

A. The Nature of Communication Signals

1. Social behavior requires communication signals provided by signalers and signal receivers.

2. Pheromones are chemicals released into the environment to elicit intraspecific communication.

a. Signaling pheromones may bring about an immediate behavioral response such as alarm behavior or sexual attraction.

b. Priming pheromones, as detected in rodents, elicits a physiological response such as female estrus.

3. Acoustical signals include distinctive sounds made by striking a body part against a substrate or songs generated by a special vocal apparatus.

B. Examples of Communication Displays

1. Visual signals are observable actions or cues used by animals that are active in daytime.

a. Male baboons may show a threat display to a rival with a "yawn."

b. Courtship displays in birds often involve contorted posturing.

c. Fireflies use bioluminescent signals for signaling at night.

2. Tactile signals can be used to communicate at close range as when a foraging honeybee performs her round dance or waggle dance to inform the bees touching her of the distance and direction of a food source.

C. Illegitimate Signalers and Receivers

1. Sometimes the wrong animal (illegitimate receiver) will intercept a communication signal as when termites respond with defensive behavior when they detect chemicals coming from an invading ant.

2. Illegitimate signalers like assassin bugs will place dead termites on their bodies to acquire the termite scent and fool the termites into letting them in to the nest.

V. Mates, Parents, and Individual Reproductive Success

A. Sexual Selection Theory and Mating Behavior

1. Sexual selection involves competition for access to a mate and also choosiness in selecting a mate.

2. Reproductive success for a male depends on how many eggs he fertilizes; for females it is the quality (not quantity) of the mate.

a. Male hanging flies present food that the females evaluate before mating.

b. Male sage grouses stake out a small territory (lek) and advertise for females, one of which will mate with one male only and then leave to make a nest.

c. Male bighorn sheep who lose in head-butting contests will regroup and overwhelm the victor’s capacity to protect his territory.

B. Costs and Benefits of Parenting

1. Parental care takes time and energy, yet it benefits the individual by improving the likelihood that the current generation of offspring will survive.

2. The benefit of immediate reproductive success may outweigh the cost of reduced reproductive success later on.

VI. Benefits of Living in Social Groups

A. Cooperative Predator Avoidance

1. A group of animals simply provides more pairs of eyes to detect predators; they may also engage in group counterattack.

2. Example: When disturbed, sawfly caterpillars collectively rear up, writhe about, and regurgitate toxic fluids.

B. The Selfish Herd

1. Some animals live in groups simply to "use" others as a shield against predators.

2. Example: The largest, most powerful bluegill fish protect the eggs in the center of the nest while smaller males assemble around them and bear the predatory attacks that may come from bass.

C. Dominance Hierarchies

1. Members of some social groups help other individuals survive and reproduce at personal cost but individuals may not be giving up their reproductive success entirely.

2. A dominance hierarchy exists in which some individuals have adapted a subordinate status to others in order to increase survival or reproduce eventually.

VII. Costs of Living in Social Groups

A. Evolutionary biologists evaluate the range of social behavior using the cost-benefit approach.

1. Sometimes costs to the individual may outweigh the benefits of life in a social group.

2. Large nesting colonies of gulls may present cannibalizing opportunities, strain resource availability, and encourage the spread of contagious diseases.

B. Individuals also may risk being exploited or having their offspring killed by others in the social group.

VIII. Evolution of Altruism

A. In altruistic behavior, the "helper" reduces its own reproductive potential while the "helped" has increased its reproductive success.

B. A nonreproducing subordinate member of a group can indirectly propagate its genes by helping to preserve and produce more relatives.

1. The theory of indirect selection proposes that caring for nondescendant relatives favors genes associated with helpful behavior–an extension of parental behavior.

2. In insect societies like bees, sterile guards may protect the queen by stinging an intruder and then committing suicide, thereby sacrificing their own reproductive chances and increasing the number of genetically similar offspring produced.

IX. Focus on Science: Why Sacrifice Yourself?

X. An Evolutionary View of Human Social Behavior

A. Adaptive does not mean the same thing as moral; it means that the behavior is valuable in the transmission of an individual’s genes.

B. Hypotheses about "selfish" and "altruistic" behavior of humans can be similarly tested without attempts to justify the behavior; for example: adopting children.





