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Video Descriptions for Campbell/Reece Biology, Eighth Edition


Instructor Resources
CAMPBELL • REECE

BIOLOGY

Eighth Edition

Video Descriptions and Credits
Explanation of video file names:
VT = Video with descriptive text (.swf)
SV = Stand-alone video (.mpg)
Chapter 1 Introduction: Themes in the Study of Life
Sea Horses Video
The pygmy sea horses in this clip were filmed in Lembeh Strait in Indonesia. They are seen in their habitat among a distinctive type of coral. The sea horses look very much like the coral, which serves both to camouflage the sea horses and to lure their prey into the seeming safety of the branching coral. Darwinian theory says that better-camouflaged sea horses have better reproductive success, and thus pass on more of the genes underlying the camouflage pattern. This would account for the evolution of the striking likeness between this pygmy sea horse and its habitat.

Credit: National Geographic

Soaring Hawk Video
The hawk in this video clip was filmed in the Galápagos Islands, soaring through the air in search of prey. The wing clearly functions as an efficient airfoil—the leading edge is thicker than the trailing edge, its upper surface is slightly convex, and its under surface is flattened or concave. Since the air passing over the top travels further than the air passing under the wing, the air molecules are further apart—thus less dense—on top of the wing than underneath. This results in greater air pressure under the wing, which serves to lift the wing. Birds' bones are hollow and relatively light, allowing them to reach great speeds of flight. Some birds can fly up to 170 km (about 100 miles) an hour.
Credit: National Geographic

Albatross Courtship Ritual Video
These waved albatrosses, Diomedea (Leptorhynchus) irrorata, are shown during their courtship ritual. Notice the behaviors: sky-pointing (head held back), beak clacking, and heads bobbing left and right. The waved albatross is one of the largest birds in the Galápagos. Most of the entire world population of the waved albatross nests on Española Island and is considered endemic to this Galápagos island. Albatrosses pair for life (up to 40 or 50 years in some cases.) The complex courtship dance can take a very long time to complete with very ritualistic movements. These birds land on Española Island in late March and leave before January to wander over an extensive range along the South American coast from Ecuador to Peru.

Credit: Richard Benz, Wyckliffe School

Blue-Footed Boobies Courtship Ritual Video
The Galápagos blue-footed booby, Sula nebouxi, is the most commonly seen booby in the archipelago. It nests near the coast of most of the islands and feeds close to shore. This video shows blue-footed boobies filmed during their courtship ritual. You can see the birds displaying their blue feet to each other and notice the way they hold their wings back; this is called sky-pointing. Although both male and female are approximately the same size, you can distinguish them by their vocalizations and their eyes. The female voice is a definite honk, while the male whistles during courtship. The female eye has a noticeably larger pupil. The male bird in this sequence is the one getting the female's attention with a definite sky-pointing behavior.

Credit: Richard Benz, Wyckliffe School

Galápagos Islands Overview Video

There are 13 main islands and 14 smaller islands in the Galápagos Archipelago. Here we are approaching Isabella Island, a volcanic island and the largest of the islands. Isabella is on the western edge of the Galápagos Archipelago and is one of the newest islands in the group. This large island is made up of six volcanoes, five of which have been recently active. Wisps of volcanic smoke can sometimes be seen coming from the active vents. Many of the Galápagos species can be found on Isabella, including marine iguanas, five subspecies of giant tortoise, Galápagos sea lions, and ten species of Galápagos finches.

Credit: Richard Benz, Wyckliffe School

Galápagos Marine Iguana Video

The marine iguana, Amblyrhynchus cristatus, is found throughout the Galápagos Islands; these are the only marine-going iguanas in the world. The marine iguanas shown in this clip are found on Fernandina Island, which supports large populations of marine iguanas. This ocean-going reptile is noted for diving and eating algae off the submerged volcanic rocks. Only the largest animals actually dive for their algae. Most eat algae from shallow intertidal rocks or exposed reefs. In this clip, you can see an iguana eating algae off the rocks. Much of the iguana's day is spent resting and digesting. Because it is ectothermic, the iguana needs to gather its body heat from the sun and the warm volcanic rocks.

Credit: Richard Benz, Wyckliffe School

Galápagos Sea Lion Video

The Galápagos sea lion, Zalophus wollebaeki, is a subspecies of the California sea lion, Zalophus californianus. It is the largest terrestrial animal in the islands. The Galápagos sea lion is often found in large groups called colonies. Large males form harems of 15 or 20 females. (These are not true harems, since the females are free to wander from one group to another.) In this clip you see a small family of sea lions on Fernandina Island. The barking one is the young bull, and there is one cow and a youngster.

Credit: Richard Benz, Wyckliffe School

Galápagos Tortoise Video

The Galápagos giant tortoise, Geochelone elephantopus, exists in only 11 subspecies found on seven of the Galápagos Islands. These dome-backed tortoises are found on Santa Cruz Island. In addition, tortoises with an upswept "saddleback" carapace (shell) are also found. Lore has it that natives can tell which island a tortoise is from by the shape of its shell. The tortoise shown here could be anywhere from 50-150 years old or more, and might weigh as much as 500 pounds when fully grown. The giant tortoise is a vegetarian, eating over fifty varieties of island plants. Many of the populations of giant tortoise are not numerous, and their survival is in danger.

Credit: Richard Benz, Wyckliffe School

Chapter 5 The Structure and Function of Large Biological Molecules 

Space-Filling Model of Cholesterol Video
Oxygen in red, carbons in green, and hydrogens in gray.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Stick Model of Cholesterol Video
Oxygen in red, carbons in green, and hydrogens in gray.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Alpha Helix without Side Chains Video
The helix is shown as a ribbon; the atoms making up the interior of the helix are shown as stick renderings (external side chains have been omitted).

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Alpha Helix with Side Chains Video
The helix is shown as a ribbon; the side chains of the amino acids comprising the helix are shown as stick representations.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Beta Pleated Sheet Video
Atoms contributing to the sheet are shown as stick renderings (side chains not shown).

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Beta Pleated Sheet Cartoon Video
The sheet is depicted as a cartoon rendering; atoms contributing to the sheet are shown as stick renderings (side chains not shown).

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Chapter 6 A Tour of the Cell
Staining of Endoplasmic Reticulum Video
See the ER in a fish epidermal cell. This cell has been labeled with DiOC6, a fluorescent dye that binds to ER membranes and mitochondria. Credit: Courtesy of Mark S. Cooper
ER and Mitochondria in Leaf Cells Video
See images from living tobacco leaf cells showing the movement of the ER (green) and mitochondria (red). Video frames were taken every 2 seconds over a period of 3 minutes, 22 seconds. Notice how dynamic the cell cytoplasm is in these live cells.

Credit: Courtesy of Barbara Pickard and Audrey Ichida
ER to Golgi Traffic Video
Watch glycoprotein movement through the secretory pathway of living cells. Green fluorescent protein was fused to a protein destined for secretion in order to visualize its movement from the ER into the Golgi complex at the center of this cell. Notice how the protein fusion moves in a stop-and-go fashion into the Golgi, where it undergoes final processing prior to secretion.

Credit: Courtesy of Jennifer Lippincott-Schwartz
Golgi Complex in 3D Video
See a three-dimensional image of the Golgi complex in a rat kidney cell created using a new imaging technique known as EM tomography. This technique produces a 3D image of a thick (250 nm) section of tissue by combining a series of confocal 2D images from various depths in the section. The cis-Golgi is shown in dark blue and the trans-Golgi in light brown, with the medial cisternae in various other colors. Notice the extensive convolutions of the Golgi membranes.

Credit: Courtesy of W.J.C. Geerts
Secretion from the Golgi Video

See the export of a secretory protein from the Golgi complex. The bright area in the center of the cell is the Golgi, which contains a green fluorescent protein-tagged secretory protein. Notice the numerous tubule structures containing the fusion protein that can be seen budding from the Golgi on their way to subsequent secretion from the cell.

Credit: Courtesy of Jennifer Lippincott-Schwartz
Phagocytosis in Action Video
Watch as one cell is consumed by another cell in the process known as phagocytosis. In this video, a yeast cell (red) is being consumed by a larger cell of Dictyostelium, which is expressing a fusion of green fluorescent protein with coronin, an actin-associated protein involved in phagocytosis. Notice the expression of the coronin protein fusion where the Dictyostelium cytoplasm is surrounding the yeast cell.

Credit: Courtesy of Guenther Gerisch Max-Planck-Institut für Biochemie
Paramecium Vacuole Video
The single-celled, ciliated protozoan Paramecium is found in fresh water. Water continually enters the cell by osmosis. A specialized organelle in this cell, the contractile vacuole, collects water from the cell and pumps it out with regular contractions. Two such contractions can be seen in this video clip.
Credit: Henry Mainwaring, Western Carolina University

Mitochondria in 3D Video

See a 3D representation of the internal structure of a mitochondrion, made using EM tomography, a technique much like a CAT scan. This model was constructed using a series of confocal 2D images taken at various depths through an intact mitochondrion. Notice the extensive surface area of the cristae.

Credit: Courtesy of T.G. Frey, San Diego State University and G.A. Perkins, University of California, San Diego

The Cytoskeleton in a Neuron Growth Cone Video
See the localization of actin and tubulin in a neuron growth cone of Aplysia, a marine snail used in neural development research. The video shows a differential interference contrast (DIC) image, followed by images of staining for F-actin (red) and tubulin (green). Notice the highly organized structure of different regions of the cell cytoskeleton.

Credit: Courtesy of Paul Forscher
Transport along Microtubules Video
Watch the movement of granules containing the dark pigment melanin as they travel along microtubules in a fish epidermal cell. This movement of melanin granules enables the fish to change its color to avoid predators. Rhodamine-labeled tubulin was used to visualize the microtubules. Notice how some of the microtubules appear to move as tubulin monomers are added to one end and removed from the other.

Credit: Courtesy of Gary Borisy
Movement of Organelles in vivo Video
Watch as organelles are transported along microtubules in an axon of a neuron. This cell of Aplysia, a marine snail used in neurobiology research, was photographed using high-resolution differential interference contrast microscopy. Notice how organelles are moving in opposite directions on different microtubule tracks.

Credit: Courtesy of Paul Forscher, Department of Molecular, Cellular, and Developmental Biology, Yale University

Movement of Organelles in vitro Video
Watch as organelles are transported along microtubules isolated from the giant axon of a squid cell. These images were made using video-enhanced differential interference contrast microscopy. Notice how, once ATP is added, organelle movement is observed even when the microtubules are outside the cell cytoplasm.

Credit: Courtesy of Ronald Vale
Chlamydomonas Video
Chlamydomonas is a unicellular green alga with two anterior flagella and a single cup-shaped chloroplast. Each cell is about 10 micrometers across. This cell is viewed with Nomarski optics, which gives an image that appears three dimensional. The smooth space at the anterior end is the contractile vacuole, which you can see contract in this clip. This organelle is involved in water regulation in Chlamydomonas. By expelling a solution hypotonic to that in the cell, the contractile vacuole counters the osmotic movement of water into the cell. The slightly larger circular structure within the chloroplast at the other end of the cell is the pyrenoid, where starch is deposited. The 3D appearance around the pyrenoid is due to the view of the thylakoid membrane stacks in the chloroplast.

Credit: Michael Clayton, University of Wisconsin, Madison

Paramecium Cilia Video
Locomotion in the protists occurs either by the beating of hair-like structures (cilia or flagella), or by means of pseudopodia in a movement called amoeboid movement. Protists such as this Paramecium move by the coordinated beating of their many short cilia. The cilia form longitudinal rows along the entire body of the cell and into the oral groove. The beating action of the cilia moves the Paramecium forward and backward; it also produces a slow rotation of the cell as it moves through the water. The cilia in the oral groove propel food particles to the bottom of the gullet, where the food can be ingested by phagocytosis.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Motion of Isolated Flagellum Video

See how a flagellum beats in the presence of ATP even when separated from the cell. The flagellum of one of these bull sperm cells was cut in half using a glass microprobe. Notice how the excised piece of the flagellum continues to beat in the absence of any connection to the original cell.

Credit: Dana L. Holcomb-Wygle, Kathleen A. Lesich, and Charles B. Lindemann, Oakland University, Department of Biological Sciences, Rochester, Michigan
Flagellum Movement in Swimming Sperm Video
See the complex motion of the flagellum of an immobilized mouse sperm. These images were taken using dark-field microscopy, with the recorded image inverted to show the cell as dark against a light background. As the flagellum undulates, notice the presence of smaller secondary waves superimposed upon the large back-and-forth primary waves.

Credit: Courtesy of Geraint Vernon

Interphase Microtubule Dynamics Video
Visualize the dynamic instability of microtubules in a living cell. These images of the lamella of a migrating newt epithelial cell were taken using fluorescence microscopy and rhodamine-labelled tubulin. Notice the alternate lengthening and shortening of individual microtubules as the lamella of the migrating cell moves forward.

Credit: Courtesy of Edward Salmon
Ciliary Motion Video
See the movement of cilia on living cells. Cilia are short hair-like projections used for locomotion or for feeding in protozoa, or for clearing of particles from respiratory airways in animals. They are similar to flagella but much more numerous, often completely covering a cell. Notice the coordinated beating of waves of cilia on the cell in this video.

Credit: Courtesy of Michael Sanderson
Microtubule Sliding in Flagellum Movement Video
Observe the sliding of microtubule doublets that is responsible for the movement of a sperm cell flagellum. Tiny gold beads (40 nm diameter) were attached to opposite sides of this flagellum and ATP was added to stimulate movement. Notice how the beads move relative to each other, demonstrating the microtubule sliding action that causes the flagellum to bend.

Credit: Animation courtesy of Charles J. Brokaw, California Institute of Technology. Details of this type of experiment were published in Brokaw, C. J., J. Cell Biol. 114: 1201-1215 (1991)
Microtubule Dynamics Video

Observe the dynamic movements of microtubules in a living cell. This Drosophila S2 cell is expressing a fusion of green fluorescent protein linked to EB1, a protein that associates with the rapidly growing, plus ends of microtubules. Notice how quickly the end of the microtubule moves as tubulin monomers are added.

Credit: Courtesy of Ron Vale
Actin Network in Crawling Cells Video

See the actin microfilament network in the lamellipodium of a Xenopus keratocyte that was cultured on a glass coverslip. The video shows the cell in motion, followed by electron microscopy to visualize the extensive actin network present in the lamellipodium.

Credit: Courtesy of Gary Borisy
Chloroplast Movement Video
Watch the movement of chloroplasts in a live aquatic plant cell. This video shows cells of Elodea, a fresh-water plant commonly used in home aquariums. Notice how many chloroplasts are present in each cell and how they move around the cell, enabling the plant to take advantage of differing light conditions.

Cytoplasmic Streaming Video
Elodea is a water plant whose thin leaves are only two cell layers thick. This 1000X magnified view focuses midway through these layers of cells. The central space of each cell is occupied by a huge central vacuole, around which you can see cytoplasmic streaming. In the stream of cytosol, you can also see mitochondria. Chloroplasts, the larger, pigmented organelles, are also involved in the streaming, but they don't move as freely because of their size.

Credit: Michael Clayton, University of Wisconsin, Madison

Cartoon Model of a Collagen Triple Helix Video
The three strands have been assigned different colors.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
E-cadherin Expression Video

See the localized expression of E-cadherin, a cell adhesion molecule common in animal cells.  Cultured dog kidney epithelial cells expressing a fusion of green fluorescent protein and E-cadherin were photographed using fluorescence microscopy. Notice how the E-cadherin, a transmembrane glycoprotein, is concentrated between cells and acts to cement adjacent cells together.

Credit: Courtesy of Cindy Adams, Stephen Smith and W. James Nelson
Staining of the Extracellular Matrix Video

See a 3D representation of cells showing the nuclei (blue) and the cadherin in the extracellular matrix (green).

Credit: Courtesy of Kenneth Dunn, Indiana Center for Biological Microscopy, Indiana University

Fibronectin Fibrils Video
See fibronectin fibrils in the extracellular matrix of cultured cells. Images of cells expressing a fibronectin-green fluorescent protein fusion were collected every 5 minutes. Notice how the adhesive fibrils can stretch considerably in response to cell movements.

Credit: Courtesy of Harold P. Erickson
Cytoskeletal Protein Dynamics Video

See how actin filaments interact with microtubules to guide the movement of a neuron. Fluorescence microscopy was used to visualize the fluorescently-labelled actin. Notice how the actin exhibits retrograde flow as it transports microtubules back toward the cell body at the lower left.

Credit: Courtesy of Paul Forscher, Department of Molecular, Cellular, and Developmental Biology, Yale University

Actin Visualization in Dendrites Video
See how actin forms extensive branched networks in the dendrites of a neural cell. This neuron is expressing a fusion protein consisting of green fluorescent protein linked to beta-actin, a non-muscle actin. Notice how the actin microfilaments give the dendrites their characteristic shape.

Credit: Courtesy of Alan R. Horwitz and Huaye Zhang
Chapter 7 Membrane Structure and Function 

Structure of the Cell Membrane Video

See a cross-section of a typical cell membrane, showing the phospholipid bilayer in a region containing a water channel known as an aquaporin. This model shows how the polar head groups of the phospholipids (yellow) are oriented outward, while the nonpolar fatty acid chains (green) face inward. Notice how water molecules (red + grey) are excluded from the membrane interior but can pass through the membrane via the aquaporin protein channel (blue).

Credit: Courtesy of Bert de Groot and Helmut Grubmüller. B.L. de Groot and H. Grubmüller: Science 294, 2353-2357 (2001).
Water Movement through an Aquaporin Video
See an animation showing how aquaporins act as membrane water channels to regulate the water content of cells. These tetrameric proteins contain very narrow polar openings that allow water to pass through, but block the passage of ions and charged molecules. Notice how the water molecules pass through the aquaporin in single file.

Credit: Courtesy of Emad Tajkhorshid, Theoretical and Computational Biophysics Group, University of Illinois. E. Tajkhorshid, et al., Science Apr 2002, 296:525.
Plasmolysis Video
In this clip, a leaf of the pondweed Elodea has been placed in a concentrated solution of table salt. As the cells lose water to the surrounding environment through osmosis, a process called plasmolysis occurs. In this process the cell contents collapse as the plasma membrane pulls away from the cell wall.
Credit: Henry Mainwaring, Western Carolina University

Turgid Elodea Video
Elodea is a water plant whose thin leaves are only two cell layers thick. This 1000x magnified view focuses through several adjacent cells in a leaf. In the lower cell, you can clearly see a nucleus, with the smaller nucleolus inside it. The huge central vacuole is obvious in the middle cell, due to the absence of any detail in the area occupied by this organelle. Mitochondria are visible in the stream of cytosol as it sweeps around the cell. Because this is viewed using Nomarski optics, it appears three dimensional—for example, you can see the stacks of membranes in the grana inside the chloroplasts.

Credit: Michael Clayton, University of Wisconsin, Madison

Chlamydomonas Video
Chlamydomonas is a unicellular green alga with two anterior flagella and a single cup-shaped chloroplast. Each cell is about 10 micrometers across. This cell is viewed with Nomarski optics, which gives an image that appears three dimensional. The smooth space at the anterior end is the contractile vacuole, which you can see contract in this clip. This organelle is involved in water regulation in Chlamydomonas. By expelling a solution hypotonic to that in the cell, the contractile vacuole counters the osmotic movement of water into the cell. The slightly larger circular structure within the chloroplast at the other end of the cell is the pyrenoid, where starch is deposited. The 3D appearance around the pyrenoid is due to the view of the thylakoid membrane stacks in the chloroplast.

Credit: Michael Clayton, University of Wisconsin, Madison

Paramecium Vacuole Video
The single-celled, ciliated protozoan Paramecium is found in fresh water. Water continually enters the cell by osmosis. A specialized organelle in this cell, the contractile vacuole, collects water from the cell and pumps it out with regular contractions. Two such contractions can be seen in this video clip.
Credit: Henry Mainwaring, Western Carolina University

Sodium-Potassium Pump (Na+/K+ ATPase Cycle) Video
Watch an amazing animation showing how the Na+/K+ ATPase undergoes specific conformational changes as it pumps Na+ out of the cell and K+ into the cell. The cytoplasmic side of the cell is shown at the top of the animation. Notice how three Na+ ions are pumped out of the cell for every two K+ ions pumped in.

Credit: Courtesy of Mark Hilge and Stephan Hilge. Hilge, M.*, Siegal, G., Vuister, G.W., Güntert, P., Gloor, S.M. & Abrahams, J.P. (2003) ATP-induced conformational changes of the nucleotide-binding domain of Na,K-ATPase. Nature Structural Biology, 10, 468-474.
Phagocytosis in Action Video

Watch as one cell is consumed by another cell in the process known as phagocytosis. In this video, a yeast cell (red) is being consumed by a larger cell of Dictyostelium, which is expressing a fusion of green fluorescent protein with coronin, an actin-associated protein involved in phagocytosis. Notice the expression of the coronin protein fusion where the Dictyostelium cytoplasm is surrounding the yeast cell.

Credit: Courtesy of Guenther Gerisch, Max-Planck-Institut für Biochemie
Chapter 8 An Introduction to Metabolism
Space-Filling Model of ATP Video

Phosphates are in purple, oxygens in red, nitrogens in blue, carbons in green, and hydrogens in gray.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Stick Model of ATP Video
Phosphates are in purple, oxygens in red, nitrogens in blue, carbons in green, and hydrogens in gray.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Closure of Hexokinase via Induced Fit Video

Watch how substrate binding to an enzyme active site induces a change in the tertiary structure of the enzyme. These images were created using X-ray diffraction data of hexokinase with and without bound glucose. Notice how glucose binding to hexokinase causes a conformational change in the enzyme that closes the active site.

Credit: Courtesy of Mark B. Gerstein
Chapter 9 Cellular Respiration: Harvesting Chemical Energy

ATP Synthase 3D Structure, Side View Video

Watch a side view of the conformational changes in the ATPase F1 complex during one 360° rotation of the stalk. The three ( subunits are shown in yellow, the three ( subunits in red+green, and the stalk in blue+grey. Notice how each rotation consists of three successive 120° movements of the stalk, causing large domain shifts in the ( and ( subunits.

Credit: Courtesy of George Oster and Hongyun Wang
ATP Synthase 3D Structure, Top View Video

Watch a top view of the conformational changes in the ATPase F1 complex during one 360° rotation of the stalk. The three ( subunits are shown in yellow, the three ( subunits in red+green, and the stalk in blue+grey. Notice how each rotation consists of three successive 120° movements of the stalk, causing large domain shifts in the ( and ( subunits.

Credit: Courtesy of George Oster and Hongyun Wang
Chapter 10 Photosynthesis

Space-Filling Model of Chlorophyll a Video

The magnesium at the center of the porphyrin ring is shown in purple, oxygens in red, nitrogens in blue, carbons in green, and hydrogens in gray.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Chapter 12 The Cell Cycle 

Animal Mitosis (time lapse) Video

In this time-lapse video of cell division in a newt lung cell, you can see a process that normally takes more than an hour occur in less than a minute. This newt cell has already started prophase, the first stage of mitosis. Chromosomes have condensed and become clearly visible, contained within the nuclear envelope. In the cytoplasm, the mitotic spindle begins to form during prophase. During prometaphase, the nuclear envelope breaks up. The chromosomes become even shorter and thicker. The microtubules of the mitotic spindle attach to the chromosomes and move them toward the equator of the cell. In metaphase, the chromosomes convene at the metaphase plate, an imaginary plane equidistant from the spindle poles. In this video, you can clearly see that each chromosome consists of two sister chromatids joined at a centromere. Anaphase begins when the paired centromeres of each chromosome separate and the chromatids—now full-fledged chromosomes—are moved to the poles. At the same time, the poles of the cell are moved apart, stretching the cell. During telophase, two daughter nuclei form at the poles of the cell. Nuclear envelopes form around the gathered chromosomes, and the chromosomes become less tightly coiled. Nucleoli appear in the nuclei, and the spindle breaks up in the cytoplasm. Cytokinesis begins during telophase. In animal cells, a cleavage furrow forms, pinching the cell in two and separating the two identical daughter cells.

Credit: Conly L. Rieder, NY State Department of Health

Microtubules in Anaphase Video
See a dividing sand dollar embryo stained to visualize microtubules during its first cleavage. Images are a series of confocal sections spaced 0.5 microns apart through a fixed embryo. Notice how the microtubules radiate from the microtubule-organizing centers.

Credit: Courtesy of George von Dassow
Nuclear Envelope Formation Video
Watch the formation of the nuclear envelopes in a dividing embryo of C. elegans during two rounds of mitosis. The image on the left shows the location of yellow fluorescent protein-labelled lamin, a nuclear membrane protein. Notice how the nuclear membranes disappear and reform in each cycle of division.

Credit: Courtesy of Iain Mattaj
Microtubules in Cell Division Video

View the 3D arrangement of microtubules and DNA in a fixed prometaphase cell. In this fluorescence image, tubulin is stained green, and DNA is stained red. Notice how the DNA is found at the metaphase plate and is attached to microtubules emanating from the spindle poles.

Credit: Courtesy of Edward Salmon
Sea Urchin Embryonic Development (time lapse) Video

This series of video clips shows selected important events in sea urchin embryonic development.

1) The unfertilized egg is about 100 micrometers (µm) in diameter, similar to that of humans, and is surrounded by an extracellular layer called the vitelline layer. Upon fertilization by the first sperm, the vitelline layer becomes raised off the surface of the egg and hardens, forming the protective structure known as the fertilization envelope. All cleavages up to the blastula stage occur within this envelope.

2) During first cleavage, the nuclear envelope breaks down, and the duplicated chromosomes separate into two complete sets, followed by cytokinesis. In the two new cells, or blastomeres, you can clearly see the two new nuclei.

3) Second cleavage, progressing from 2 to 4 cells, is seen here. Cleavages will proceed synchronously, approximately every 30 minutes, passing through the morula stage (16-64 cells) when the cells are loosely attached to each other, up to the blastula stage (more than 128 cells).

4) The blastula stage is seen at the end of this clip. This stage is made up of a hollow ball of 1000 or so cells, arranged in a single-layered epithelium. The cells are tightly packed together, maintaining a space in the center called the blastocoel cavity.

5) At the beginning of gastrulation, a number of cells in the flattened "vegetal pole," shown here at the bottom of the embryo, move as individual cells into the blastocoel cavity. In this cavity the cells migrate around, fuse with each other in a ring, and begin secreting elements of the calcium carbonate skeleton of the embryo. Because these cells are the first to move as individual cells in the embryo, they are called the primary mesenchyme cells (PMCs). The remaining cells in the vegetal pole fill in the gaps, restoring a complete epithelial sheet.

6) While the PMCs are migrating around, archenteron formation, or formation of the embryonic digestive tract, begins. The first stage involves the pushing in of the vegetal pole to form a short, wide, blind-ended tube. 

7) This tube then narrows and elongates by a process that includes extensive cell rearrangement. Following this elongation, a subset of cells (secondary mesenchyme cells) at the tip of the archenteron will extend processes that contact a specific site on the inside of the ectodermal wall and tow the archenteron toward that spot. The wall of the ectoderm will bend inward and fuse with the tip of the archenteron to form the mouth. The digestive tract will differentiate into an esophagus, a stomach, and an intestine, and the embryo will begin to feed. Four to 8 or 12 arms will extend, supported by internal skeletal elements. This feeding larva will float around in the plankton, eating algal cells, for 5 or 6 weeks, then will metamorphose into the adult form of the sea urchin. 

Credit: Rachel Fink, editor, “A Dozen Eggs,” Society for Developmental Biology

Spindle Formation During Mitosis Video
Watch how microtubules assemble to form the spindle fibers during prophase of mitosis. These time-lapse images of cells expressing a green fluorescent protein-tubulin fusion were taken using confocal microscopy. Notice how the centrosomes at the opposite ends of the cell act as nucleation sites for the growing microtubules.

Credit: Courtesy of Ronald Vale
Myosin and Cytokinesis Video

See how nonmuscle myosin functions in cytokinesis. These HeLa cultured cells were photographed during cytokinesis using differential interference contrast microscopy. Notice how myosin interacts with a tightening ring of microfilaments called the contractile ring to drive the closure of the ring and divide the cytoplasm between the two daughter cells.

Credit: Courtesy of Aaron Straight
Chapter 13 Meiosis and Sexual Life Cycles
Hydra Budding Video

Hydra, a cnidarian relative of the jellies, can reproduce both asexually in a process called budding, and sexually by the production of egg and sperm. The hydra in the opening scene of the video is growing a young bud close to its base. Buds form as an outgrowth of the two-layered body wall. At first the tentacles are relatively short, and the gastrovascular cavity of the parent and the young bud are continuous. As the bud reaches maturity, the tentacles elongate and the gastrovascular cavity becomes separate. Eventually the bud pinches off and drops to the substratum to begin independent life.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Meiosis I in Sperm Formation Video

Watch how the chromosomes move during anaphase I of meiosis. This time-lapse video uses differential interference contrast microscopy to image part of meiosis I in a Drosophila spermatocyte. Notice how the chromosomes, which were lined up at the equator in metaphase I, are pulled to the opposite poles of the cell in anaphase I.

Credit: Time-lapse sequence by Dr. Conly L. Rieder, Wadsworth Center, Albany, New York
Chapter 14 Mendel and the Gene Idea

Ultrasound of Human Fetus Video
Ultrasound produces an image inside a living human using very high frequency sound waves of between 3.5 to 7.0 megahertz (i.e., 3.5 to 7 million cycles per second) that are emitted from a transducer. When the beams of ultrasound hit the various tissues inside the body, the differences in the density of the material produce a variety of reflected sound that can be collected and formed into an image. This image is really a two-dimensional "slice" through the patient. The video shows various views of the fetus (now a beautiful baby!) sucking her thumb, kicking, turning over, etc. In an obstetric ultrasound examination, the transducer is placed against the abdomen of the patient to form images of the developing fetus and gather information about gestational age, fetal size, and heart beat. Also, malformations in the fetus can be assessed and measurements can be made accurately on the images displayed on the screen. The video shows how the length of the foot can be measured (2.75 cm in this case). The doppler shift principle can be used in ultrasound to accurately measure the blood flow in the fetal blood vessels and monitor the heart function. This, coupled with the use of "color flow" mapping, can clearly depict the flow of blood in fetal blood vessels in a scan, the direction of the flow being represented by different colors. The video shows high rates of flow in red, and low rates in blue.

Credit: Courtesy of Mike and Charlie McCullough

Chapter 15 The Chromosomal Basis of Inheritance

Nondisjunction in Mitosis Video

See what happens when mitosis malfunctions. Newt epithelial cells were grown on cover slips and photographed using differential interference contrast microscopy. Notice how, in this cell, one chromosome (black arrow) never arrives at the equatorial plate, likely due to improper attachment to the spindle fiber. As in meiotic nondisjunction, this will result in the daughter cells having abnormal numbers of chromosomes.

Credit: Time-lapse sequence by Dr. Conly L. Rieder, Wadsworth Center, Albany, New York
Chapter 16 The Molecular Basis of Inheritance 

Stick Model of DNA Video

Model of DNA (deoxyribonucleic acid).

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Surface Model of DNA Video

Surface model of DNA (deoxyribonucleic acid).

Credit: PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Cartoon and Stick Model of a Nucleosomal Particle Video

DNA double helices are shown in purple; histone core proteins are shown in green. 

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison

Chapter 17 From Gene to Protein 

A Stick and Ribbon Rendering of a tRNA Video

A stick and ribbon rendering of a tRNA.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Chapter 18 Regulation of Gene Expression 

Cartoon Rendering of the lac repressor from E. coli Video

DNA is shown in pink; the two subunits of the lac repressor are shown in yellow and light blue.

Credit: Rendering created using PyMol (http://www.pymol.org) by Jeff Hardin, University of Wisconsin, Madison
Chapter 20 Biotechnology 

Biotechnology Lab Video

This series of clips shows several standard procedures that are often performed in a biotechnology laboratory. In the first clip, the scientist is picking bacterial cells from a particular colony on an agar plate in a sterile environment. In the second, she is treating the cells with several solutions in a procedure to isolate plasmid DNA (containing cloned DNA) from the cells. In the third, she is loading the isolated and digested DNA into the wells of an agarose gel, where it will be subjected to gel electrophoresis. The pattern of bands in each lane can be photographed with a digital camera and analyzed on a computer (seen in the fourth clip), to begin to characterize the cloned stretch of DNA. With the advent of sequencing and analyzing entire genomes, much of the sequencing operation has been automated. In the fifth clip, we see various robotic machines processing DNA samples for analysis. 
Credit: Courtesy of Genencor International, Inc.

Pronuclear Injection Video

Watch an early step in the production of transgenic mice. In this video, a microscopic glass needle containing DNA is inserted into the pronucleus of a fertilized mouse oocyte that is held in place by suction against a micropipette at the left edge of the video. Following integration of the introduced DNA into the host cell chromosome, the transgenic embryonic cell will be implanted into a female foster mouse.

Credit: Courtesy of Ronald Naumann
Chapter 22 Descent with Modification: A Darwinian View of Life
Grand Canyon Video

This footage was filmed from an airplane flying over the Grand Canyon in Arizona. The Colorado River, seen at the bottom, has formed this magnificent canyon by gradual erosion over the past nine million years. The layers, or strata, of sedimentary rocks are clearly visible, with the oldest at the bottom. By analyzing fossils from each stratum, we have learned much about changes in the diversity of life forms. Changes in the course of the river have led to specific land formations such as the bluffs seen to the left. The idea that we could attribute the formation of various land forms, such as canyons, to mechanisms currently operating, such as erosion by rivers, was first proposed by Scottish geologist James Hutton near the beginning of the 19th century.

Credit: Courtesy of U.S. Geological Survey
Albatross Courtship Ritual Video
These waved albatrosses, Diomedea (Leptorhynchus) irrorata, are shown during their courtship ritual. Notice the behaviors: sky-pointing (head held back), beak clacking, and heads bobbing left and right. The waved albatross is one of the largest birds in the Galápagos. Most of the entire world population of the waved albatross nests on Española Island and is considered endemic to this Galápagos island. Albatrosses pair for life (up to 40 or 50 years in some cases.) The complex courtship dance can take a very long time to complete with very ritualistic movements. These birds land on Española Island in late March and leave before January to wander over an extensive range along the South American coast from Ecuador to Peru.

Credit: Richard Benz, Wyckliffe School

Blue-Footed Boobies Courtship Ritual Video
The Galápagos blue-footed booby, Sula nebouxi, is the most commonly seen booby in the archipelago. It nests near the coast of most of the islands and feeds close to shore. This video shows blue-footed boobies filmed during their courtship ritual. You can see the birds displaying their blue feet to each other and notice the way they hold their wings back; this is called sky-pointing. Although both male and female are approximately the same size, you can distinguish them by their vocalizations and their eyes. The female voice is a definite honk, while the male whistles during courtship. The female eye has a noticeably larger pupil. The male bird in this sequence is the one getting the female's attention with a definite sky-pointing behavior.

Credit: Richard Benz, Wyckliffe School

Galápagos Islands Overview Video

There are 13 main islands and 14 smaller islands in the Galápagos Archipelago. Here we are approaching Isabella Island, a volcanic island and the largest of the islands. Isabella is on the western edge of the Galápagos Archipelago and is one of the newest islands in the group. This large island is made up of six volcanoes, five of which have been recently active. Wisps of volcanic smoke can sometimes be seen coming from the active vents. Many of the Galápagos species can be found on Isabella, including marine iguanas, five subspecies of giant tortoise, Galápagos sea lions, and ten species of Galápagos finches.

Credit: Richard Benz, Wyckliffe School

Galápagos Marine Iguana Video

The marine iguana, Amblyrhynchus cristatus, is found throughout the Galápagos Islands; these are the only marine-going iguanas in the world. The marine iguanas shown in this clip are found on Fernandina Island, which supports large populations of marine iguanas. This ocean-going reptile is noted for diving and eating algae off the submerged volcanic rocks. Only the largest animals actually dive for their algae. Most eat algae from shallow intertidal rocks or exposed reefs. In this clip, you can see an iguana eating algae off the rocks. Much of the iguana's day is spent resting and digesting. Because it is ectothermic, the iguana needs to gather its body heat from the sun and the warm volcanic rocks.

Credit: Richard Benz, Wyckliffe School

Galápagos Sea Lion Video

The Galápagos sea lion, Zalophus wollebaeki, is a subspecies of the California sea lion, Zalophus californianus. It is the largest terrestrial animal in the islands. The Galápagos sea lion is often found in large groups called colonies. Large males form harems of 15 or 20 females. (These are not true harems, since the females are free to wander from one group to another.) In this clip you see a small family of sea lions on Fernandina Island. The barking one is the young bull, and there is one cow and a youngster.

Credit: Richard Benz, Wyckliffe School

Soaring Hawk Video
The hawk in this video clip was filmed in the Galápagos Islands, soaring through the air in search of prey. The wing clearly functions as an efficient airfoil—the leading edge is thicker than the trailing edge, its upper surface is slightly convex, and its under surface is flattened or concave. Since the air passing over the top travels further than the air passing under the wing, the air molecules are further apart—thus less dense—on top of the wing than underneath. This results in greater air pressure under the wing, which serves to lift the wing. Birds' bones are hollow and relatively light, allowing them to reach great speeds of flight. Some birds can fly up to 170 km (about 100 miles) an hour.
Credit: National Geographic

Galápagos Tortoise Video

The Galápagos giant tortoise, Geochelone elephantopus, exists in only 11 subspecies found on seven of the Galápagos Islands. These dome-backed tortoises are found on Santa Cruz Island. In addition, tortoises with an upswept "saddleback" carapace (shell) are also found. Lore has it that natives can tell which island a tortoise is from by the shape of its shell. The tortoise shown here could be anywhere from 50-150 years old or more, and might weigh as much as 500 pounds when fully grown. The giant tortoise is a vegetarian, eating over fifty varieties of island plants. Many of the populations of giant tortoise are not numerous, and their survival is in danger.

Credit: Richard Benz, Wyckliffe School

Sea Horses Video

The pygmy sea horses in this clip were filmed in Lembeh Strait in Indonesia. They are seen in their habitat among a distinctive type of coral. The sea horses look very much like the coral, which serves both to camouflage the sea horses and to lure their prey into the seeming safety of the branching coral. Darwinian theory says that better-camouflaged sea horses have better reproductive success, and thus pass on more of the genes underlying the camouflage pattern. This would account for the evolution of the striking likeness between this pygmy sea horse and its habitat.

Credit: National Geographic

Chapter 24 The Origin of Species
Galápagos Tortoise Video

The Galápagos giant tortoise, Geochelone elephantopus, exists in only 11 subspecies found on seven of the Galápagos Islands. These dome-backed tortoises are found on Santa Cruz Island. In addition, tortoises with an upswept "saddleback" carapace (shell) are also found. Lore has it that natives can tell which island a tortoise is from by the shape of its shell. The tortoise shown here could be anywhere from 50-150 years old or more, and might weigh as much as 500 pounds when fully grown. The giant tortoise is a vegetarian, eating over fifty varieties of island plants. Many of the populations of giant tortoise are not numerous, and their survival is in danger.

Credit: Richard Benz, Wyckliffe School

Albatross Courtship Ritual Video
These waved albatrosses, Diomedea (Leptorhynchus) irrorata, are shown during their courtship ritual. Notice the behaviors: sky-pointing (head held back), beak clacking, and heads bobbing left and right. The waved albatross is one of the largest birds in the Galápagos. Most of the entire world population of the waved albatross nests on Española Island and is considered endemic to this Galápagos island. Albatrosses pair for life (up to 40 or 50 years in some cases.) The complex courtship dance can take a very long time to complete with very ritualistic movements. These birds land on Española Island in late March and leave before January to wander over an extensive range along the South American coast from Ecuador to Peru.

Credit: Richard Benz, Wyckliffe School

Blue-Footed Boobies Courtship Ritual Video
The Galápagos blue-footed booby, Sula nebouxi, is the most commonly seen booby in the archipelago. It nests near the coast of most of the islands and feeds close to shore. This video shows blue-footed boobies filmed during their courtship ritual. You can see the birds displaying their blue feet to each other and notice the way they hold their wings back; this is called sky-pointing. Although both male and female are approximately the same size, you can distinguish them by their vocalizations and their eyes. The female voice is a definite honk, while the male whistles during courtship. The female eye has a noticeably larger pupil. The male bird in this sequence is the one getting the female's attention with a definite sky-pointing behavior.

Credit: Richard Benz, Wyckliffe School
Giraffe Courtship Video

Description: The two giraffes in this clip were filmed on the Serengeti Plain in Africa. They are bumping each other's necks in a courtship ritual. Courtship usually involves a complex set of behaviors believed to serve as confirmation that the participants are of the same species but of opposite sex, are in good physiological condition, and do not threaten each other.

Credit: National Geographic

Chapter 25 The History of Life on Earth 
Hydrothermal Vent Video

This clip was filmed at one of the hydrothermal vents found on the bottom of the sea, approximately 2500 meters below the ocean surface. At these regions, near spreading centers of the earth's crust, molten magma is close enough to the surface of the earth at the seafloor to superheat the seawater. This superheated seawater reacts with the sulfate ion it contains to form massive quantities of hydrogen sulfide. Some of the hydrogen sulfide reacts with metal ions within the earth's crust to form metal sulfides at very high concentrations. At the vent opening, this superheated seawater, super-enriched in metal sulfides, mixes with the cold surrounding water, causing the precipitation of iron sulfide particles. The "smoke" seen in this clip is superheated water filled with iron sulfide particles.

Credit: National Geographic

Tubeworms Video

These large tube-dwelling worms were filmed at the Galápagos Rift in the Pacific Ocean. Some may reach more than one meter in length. Worms like these were first seen in the late 1970s, when scientists discovered an unusual assemblage of animals living on the sea bottom in the vicinity of hydrothermal vents. About a dozen prokaryotic species found here are chemoautotrophs, which are capable of carrying out synthesis of organic compounds using energy derived from chemical oxidation of hydrogen sulfide, rather than light. The massive amount of hydrogen sulfide formed at these regions allows these chemoautotrophic bacteria to serve as the basis for an incredibly diverse community of unusual animals, including the worms shown here. Many of these animals and bacteria have formed symbiotic relationships: the animals harbor the bacteria inside themselves, and the bacteria provide organic compounds as nourishment for their hosts. The vestimentiferan worms shown here were so unusual in structure that they were determined not to belong to any known phylum, and were assigned their own novel phylum.

Credit: National Geographic

Grand Canyon Video

This footage was filmed from an airplane flying over the Grand Canyon in Arizona. The Colorado River, seen at the bottom, has formed this magnificent canyon by gradual erosion over the past nine million years. The layers, or strata, of sedimentary rocks are clearly visible, with the oldest at the bottom. By analyzing fossils from each stratum, we have learned much about changes in the diversity of life forms. Changes in the course of the river have led to specific land formations such as the bluffs seen to the left. The idea that we could attribute the formation of various land forms, such as canyons, to mechanisms currently operating, such as erosion by rivers, was first proposed by Scottish geologist James Hutton near the beginning of the 19th century.

Credit: Courtesy of U.S. Geological Survey
Lava Flow Video

This video clip shows lava flowing from a region of volcanic activity. The molten rock will eventually cool, defining new features of the landscape. Volcanoes and lava flows are a graphic reminder that the form of land masses on the earth continues to change over time.

Credit: Courtesy of U.S. Geological Survey
Volcanic Eruption Video

In this footage, you are looking into the top of the Pu'u O'o volcano in Hawaii. In a volcanic eruption, steam and other gases deep inside the earth explode outward, shooting molten rock through an opening. Over time, the cooled, hardened rock, as well as cinders and ashes, piles up into a cone-shaped mountain with a depression at the top (the crater). In this particular crater, molten rock is visible, the hottest of which glows red. Volcanoes, like earthquakes, tend to occur at boundaries where two moving tectonic plates abut against each other. Volcanoes that occur under the ocean can form islands. In addition to the Hawaiian Islands, a good example is the Galápagos Islands off the coast of South America, where Darwin made observations leading to his theory of natural selection and evolution.

Credit: Courtesy of U.S. Geological Survey
Chapter 27 Bacteria and Archaea 

Prokaryotic Flagella (Salmonella) Video

This is a dark-field video of bacterial cells of the species Salmonella typhimurium filmed with a full-intensity beam. Due to light scattering, the cells appear to be larger than their actual size, and you can see the flagellum on each cell clearly. Many bacteria swim by rotating their flagella in a helical manner. In media of normal viscosity, the flagella are moving too fast for their helical waveform to be seen. In the second half of the clip, the cells are placed in a highly viscous medium. The flagellar rotation is now slow enough for you to see the waveform easily. The cells can change the direction they are moving by changing the direction in which their flagella are rotating. Flagellar motion occurs by means of a set of proteins that act together as a motor, fueled by a proton gradient across the cell membrane.

Credit: Robert Macnab, Professor of Molecular Biophysics and Biochemistry at Yale University

Cyanobacteria (Oscillatoria) Video
Here you see three filamentous bacteria from the domain Bacteria, specifically the group known as Cyanobacteria (previously called the blue-green algae). This species is named Oscillatoria, and you can see a short filament moving along and around a much longer one in an oscillating, gliding motion that has been called "barber-poling." These bacteria do not have flagella, and the molecular basis for their motility remains somewhat of a mystery.

Credit: Michael Clayton, University of Wisconsin, Madison

Tubeworms Video

These large tube-dwelling worms were filmed at the Galápagos Rift in the Pacific Ocean. Some may reach more than one meter in length. Worms like these were first seen in the late 1970s, when scientists discovered an unusual assemblage of animals living on the sea bottom in the vicinity of hydrothermal vents. About a dozen prokaryotic species found here are chemoautotrophs, which are capable of carrying out synthesis of organic compounds using energy derived from chemical oxidation of hydrogen sulfide, rather than light. The massive amount of hydrogen sulfide formed at these regions allows these chemoautotrophic bacteria to serve as the basis for an incredibly diverse community of unusual animals, including the worms shown here. Many of these animals and bacteria have formed symbiotic relationships: the animals harbor the bacteria inside themselves, and the bacteria provide organic compounds as nourishment for their hosts. The vestimentiferan worms shown here were so unusual in structure that they were determined not to belong to any known phylum, and were assigned their own novel phylum.

Credit: National Geographic

Chapter 28 Protists
Volvox Colony Video

This footage focuses through a colony of Volvox, a colonial green alga, at 200x magnification. Volvox is a member of the Chlorophyta, whose simplest member is the unicellular Chlamydomonas. Other members of this phylogenetic group can be thought of as multicellular versions of Chlamydomonas. A Volvox colony is a hollow sphere, made up of 128 or 256 cells embedded in a gelatinous matrix. The cells are usually connected to each other by strands of cytoplasm. In structure, each single cell resembles Chlamydomonas in having two flagella and a single cup-shaped chloroplast. The clip first shows the colony wall of a Volvox, then it moves through four daughter colonies inside. The first is smaller and younger, the other three larger and older. All the colonies have arisen from certain enlarged cells in the colony that will divide to form daughter colonies.

Credit: Michael Clayton, University of Wisconsin, Madison

Volvox Daughter Video

In this footage you can see the release of a daughter colony of Volvox from its parent colony. When the parent colony was in its juvenile stage, it contained 16 large, asexual reproductive cells called gonidia. While the parent colony expanded, each of these gonidia underwent 11-12 rapid divisions to form a new set of 16 juvenile colonies within the parent, one of which is being released here. In this juvenile daughter colony, 16 gonidia are already present, having formed during the previous rapid divisions. 

Credit: Michael Clayton, University of Wisconsin, Madison

Volvox Flagella Video

This video clip focuses through a Volvox colony at 600x magnification, a higher magnification view than in the previous two clips. At first, the focus is on the outer wall closest to the viewer, then it moves through a daughter colony inside to the back side of the parent colony. Finally, the focus comes back up, ending midway through the daughter colony, with the flagella of the wall cells in the daughter colony clearly visible. You can clearly see the structure of each cell and the cytoplasmic connections between them.

Credit: Michael Clayton, University of Wisconsin, Madison

Volvox Female Spheroid Video
Volvox is a colonial freshwater cholorophyte. A Volvox colony is a hollow ball consisting of two types of cells—small, biflagellate somatic cells, which make up the surface of a hollow sphere, and larger, non-motile reproductive cells (called gonidia) just below the surface. Like other green alga, Volvox is haploid and reproduces asexually. Although Volvox has a sexual cycle, it is not used for reproduction in nature. Rather, it is used to produce dormant, diploid zygotes that are able to survive adverse environmental conditions. Sexual reproduction occurs when the reproductive cells within the colony are transformed to female gonidia or to sperm packets. This footage shows a female spheroid emerging from the colony.

Credit: Jerry Brand, University of Texas, Austin

Volvox Inversion 1 Video

Volvox is a spherical, multicellular, freshwater green alga that consists of two types of cells—small, biflagellate somatic cells, which make up the surface of a hollow sphere, and larger, non-motile reproductive cells (called gonidia) just below the surface. Something quite remarkable happens to Volvox embryos—they turn completely inside out to establish the adult body plan. This time-lapse video footage shows the process of inversion. Volvox development starts with a single reproductive cell which undergoes a sequence of cell divisions. At the end of these divisions, the embryo is inside out with respect to the adult configuration. At the beginning of this video clip you can see the somatic cells with their flagella pointing in. Gradually the lips of the open pore (top left of the colony) begin to bend back, and the entire sphere inverts. In real time, cleavage and inversion takes about eight hours; the complete asexual cycle takes two days. After inversion, the flagella are on the outside of the sphere where they can propel the organism in its characteristic rolling motion. The name Volvox comes from the Latin, volvere, to roll or turn, and –ox, which means fierce. 

Credit: Jerry Brand, University of Texas, Austin

Volvox Inversion 2 Video

Volvox is a spherical, multicellular, freshwater green alga that consists of two types of cells—small, biflagellate somatic cells, which make up the surface of a hollow sphere, and larger, non-motile reproductive cells (called gonidia) just below the surface. Something quite remarkable happens to Volvox embryos—they turn completely inside out to establish the adult body plan. This time-lapse footage shows the process of inversion. Volvox development starts with a single reproductive cell which undergoes a sequence of cell divisions. At the end of these divisions, the embryo is inside out with respect to the adult configuration. At the beginning of this video clip you can see the somatic cells with their flagella pointing in. Gradually the lips of the open pore (top left of the colony) begin to bend back, and the entire sphere inverts. In real time, cleavage and inversion takes about eight hours; the complete asexual cycle takes two days. After inversion, the flagella are on the outside of the sphere where they can propel the organism in its characteristic rolling motion. The name Volvox comes from the Latin, volvere, to roll or turn, and –ox, which means fierce. 

Credit: Jerry Brand, University of Texas, Austin

Volvox Sperm and Female Video

Volvox is a colonial freshwater cholorophyte. A Volvox colony is a hollow ball consisting of two types of cells—small, biflagellate somatic cells, which make up the surface of a hollow sphere, and larger, non-motile reproductive cells (called gonidia) just below the surface. Like other green algae, Volvox is haploid and reproduces asexually. Although Volvox has a sexual cycle, it is not used for reproduction in nature. Rather, it is used to produce dormant, diploid zygotes that are able to survive adverse environmental conditions. Sexual reproduction occurs when the reproductive cells within the colony are transformed to female gonidia or to sperm packets. This video clip shows a sperm packet coming into contact with a female colony. You can also see another sperm packet already inside the colony. Once inside, the sperm packet is broken up and individual sperm are free to fertilize the available eggs.

Credit: Jerry Brand, University of Texas, Austin

Amoeba Video
In this clip you can see a pseudopodium, or false foot, extending from the front of an amoeba in the process of amoeboid movement. This process occurs by changes in the viscosity of the cytoplasm. The inner flowing cytoplasm, called the endoplasm, is in a liquid sol state. This endoplasm flows forward, filling the pseudopodium. At the front, the endoplasm is converted into the clear gel-like ectoplasm, which is located just under the plasma membrane. At the rear of the amoeba, the ectoplasm is converted back into endoplasm, it flows forward to the front of the cell to be converted back into ectoplasm, and the cyclical process continues as the amoeba moves.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Demonstration of Chemotaxis Video

See how a single-celled amoeba moves in response to a chemical attractant.  This Dictyostelium cell, a cellular slime mold, is showing positive chemotaxis as it moves toward a micropipette tip containing cAMP.  Notice how the cell extends a pseudopod to change direction toward the cAMP in response to the movement of the pipette. 
Credit: Courtesy of Susan Lee and Rick Firtel, Section of Cell and Developmental Biology, University of California, San Diego

Amoeba Pseudopodia Video
Rhizopods, or amoebas, move by means of pseudopodia in a process called amoeboid movement. Amoeba proteus is a large unicellular organism that moves over its substrate by sending extensions of its cytoplasm, called pseudopodia, in various directions. The pseudopodia can surround and engulf food by phagocytosis. The leading edge of the amoeba is a clear zone that seems devoid of cytoplasmic organelles; this is called the ectoplasm. Fluorescence microscopy has shown that ectoplasm contains large amounts of actin, the contractile protein common in muscle cells. The rest of the cytoplasm is called the endoplasm. During amoeboid movement, endoplasm flows forward to fill an extending pseudopodium, and is then converted to ectoplasm just below the plasma membrane. Ectoplasm flows backward around the outside of the cell and is then converted back to endoplasm, a cycle that continues while the amoeba moves.

Credit: Henry Mainwaring, Western Carolina University
Euglena Video

Here you see two protistan cells of the species Euglena acus. This species is in the euglenoid group of the clade Euglenozoa. Euglena and closely related protists are characterized by having a pocket at their anterior end from which a flagellum emerges. In this clip, the use of phase contrast microscopy allows you to view the flagellum at the rounded anterior end; the posterior end is more pointed. These cells are anchored at the posterior end by nail polish, and you can see their swimming behavior. The small specks swarming around them are bacteria, which allows you to see the relative size of prokaryotes and eukaryotic protists.

Credit: Michael Clayton, University of Wisconsin, Madison

Euglena Motion Video
The Euglena acus in this clip was treated with NiSO4. Nickel ion paralyzes the flagellum. You can see the extreme shape changes of the cell, which clearly show the great flexibility of the pellicle, or specialized cell membrane. You can see the paralyzed anterior flagellum at the left end of the cell throughout most of this clip. At the anterior end, you can see the reddish spot that functions as a light detector.

Credit: Michael Clayton, University of Wisconsin, Madison

Dinoflagellate Video
Locomotion in the protists occurs either by the beating of hair-like structures (cilia or flagella), or by means of pseudopodia in a process called amoeboid movement. Compared to the cell's body length, flagella are long and are less numerous than cilia. Most flagellated cells have only one or two flagella. Motility in Peridinium, shown in this clip, is typical of many dinoflagellates. There is a posterior flagellum that provides forward motion, and another flagellum located in a groove that wraps around or "girdles" the equatorial region of the cell. Although the girdle flagellum is difficult to see, it contributes to the cell's rotating or gyrating motion as it moves through the water. The word dino- comes from the Greek meaning "to whirl."
Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Paramecium Cilia Video
Locomotion in the protists occurs either by the beating of hair-like structures (cilia or flagella), or by means of pseudopodia in a movement called amoeboid movement. Protists such as this Paramecium move by the coordinated beating of their many short cilia. The cilia form longitudinal rows along the entire body of the cell and into the oral groove. The beating action of the cilia moves the Paramecium forward and backward; it also produces a slow rotation of the cell as it moves through the water. The cilia in the oral groove propel food particles to the bottom of the gullet, where the food can be ingested by phagocytosis.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Paramecium Vacuole Video
The single-celled, ciliated protozoan Paramecium is found in fresh water. Water continually enters the cell by osmosis. A specialized organelle in this cell, the contractile vacuole, collects water from the cell and pumps it out with regular contractions. Two such contractions can be seen in this video clip.
Credit: Henry Mainwaring, Western Carolina University

Vorticella Cilia Video
Vorticella is a member of the ciliated protists, but its body has few cilia. Three rows of cilia surround the "mouth" and wind toward it in a counter-clockwise direction. The bell-shaped body normally remains attached to the substrate by a coiled stalk that is able to contract and extend itself while the organism searches for food. The video shows how the beating cilia set up a counter-clockwise current (like a vortex) that draws food particles to the "mouth" cavity of the cell, where they are ingested by phagocytosis.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Vorticella Detail Video

This clip shows the ciliated protist Vorticella. This species is a suspension feeder, with bands of cilia surrounding the apical or "mouth" end (shown here at the right). Movement of these cilia creates water currents and sweeps food particles, such as bacterial cells, into the "mouth" cavity and from there into the forming food vacuole. This particular species has a bell-shaped body on a long slender stalk. Within the body covering of the stalk lie bundles of contractile filaments. Contraction of these filaments results in the popping motion you see here.

Credit: Michael Clayton, University of Wisconsin, Madison

Vorticella Habitat Video
This clip shows the ciliated protist Vorticella. As seen here, the organism is sessile, with its bell-shaped body anchored to a piece of algae by a long slender stalk. Within the body covering of the stalk lie bundles of contractile filaments; contraction of these filaments results in the popping motion you see here.

Credit: Michael Clayton, University of Wisconsin, Madison

Diatoms Moving Video
This clip shows motile diatoms of the species Navicula, collected from the Maunesha River in Wisconsin, just after the winter ice melted. Diatoms are possibly the most important primary producers in the aquatic environment. Each cell is enclosed in two half shells that fit together like the lid and bottom of a shoe box. There are two classes of diatoms, based on the shape of their shells when viewed straight on. Centric diatoms are radially symmetric, while pennate diatoms are bilaterally symmetric, as seen here for Navicula. Going across the right side of the screen you can also see an example of the motility of the filamentous cyanobacterium Oscillatoria.
Credit: Michael Clayton, University of Wisconsin, Madison

Various Diatoms Video

In this clip you can see the motility of several species of aquatic organisms collected from the Maunesha River in Wisconsin, just after the winter ice melted. Four species are shown; the smaller one is Navicula, while the longer, more slender one is Nitzchia. Three filaments of the cyanobacterium Oscillatoria are also seen, as well as the eukaryotic green alga Spirogyra, the bright green filament on the upper left.

Credit: Michael Clayton, University of Wisconsin, Madison

Water Mold Oogonium Video
This video clip gives you a view through the sexual reproductive structures of the water mold Saprolegnia, which can parasitize live fish or decompose dead fish and flies in the water. Saprolegnia is "fungal-like" in that its body is made up of hyphae, but its hyphae are coenocytic instead of being the septate hyphae found in true fungi such as yeasts. Both types of hyphae are made up of fine branching filaments; coenocytic hyphae filaments each contain many nuclei in a common cytoplasm, whereas septate hyphae filaments contain nuclei separated by cell walls. Saprolegnia reproduces both asexually, via zoospores, and sexually. In the sexual mode, shown here, the haploid eggs are formed within the female reproductive structure, the oogonium, which is the major spherical structure you see in the middle of the screen. The four smaller structures hooking into the outside of the oogonium are the male reproductive organs, called antheridia, within which haploid sperm are formed. The sperm are not flagellated, so they must be delivered to the eggs for fertilization to occur. Sperm are delivered via tubes, which you can see here if you look carefully. Fertilization has already happened in the oogonium shown here, and the four smaller circular structures inside the oogonium are the zygotes (fertilized eggs).

Credit: Michael Clayton, University of Wisconsin, Madison

Water Mold Zoospores Video
This footage shows the release of zoospores from a zoosporangium of the water mold Saprolegnia. In this asexual mode of reproduction, diploid zoospores are released from a zoosporangium, which is formed on the end of a coenocytic hypha. At first the zoospores are biflagellated, allowing them to swim. Zoospores then become encysted, and later germinate and grow into the coenocytic hyphal form. In this clip the small specks swarming around the zoosporangium are bacterial cells.
Credit: Michael Clayton, University of Wisconsin, Madison

Chlamydomonas Video
Chlamydomonas is a unicellular green alga with two anterior flagella and a single cup-shaped chloroplast. Each cell is about 10 micrometers across. This cell is viewed with Nomarski optics, which gives an image that appears three dimensional. The smooth space at the anterior end is the contractile vacuole, which you can see contract in this clip. This organelle is involved in water regulation in Chlamydomonas. By expelling a solution hypotonic to that in the cell, the contractile vacuole counters the osmotic movement of water into the cell. The slightly larger circular structure within the chloroplast at the other end of the cell is the pyrenoid, where starch is deposited. The 3D appearance around the pyrenoid is due to the view of the thylakoid membrane stacks in the chloroplast.

Credit: Michael Clayton, University of Wisconsin, Madison
Plasmodial Slime Mold Video

This clip shows an overview of the plasmodial slime mold Physarum polycephalum. You can see a feeding plasmodium, a single cell containing many nuclei that have arisen by repeated mitoses of the original nucleus. As the magnification increases, details of the branching structure are visible. This stage is shown at much higher magnification in a separate clip, Plasmodial Slime Mold Streaming.

Credit: Michael Clayton, University of Wisconsin, Madison
Plasmodial Slime Mold Streaming Video
This clip shows a piece of the plasmodial slime mold Physarum polycephalum. This organism does not photosynthesize; it is heterotrophic and must feed. Shown here is the feeding stage known as the plasmodium, which moves around as an amoeboid mass, engulfing its food by phagocytosis. The feeding plasmodium is a single cell containing many nuclei that have arisen by repeated mitoses of the original nucleus. The single mass of cytoplasm contains fine channels within which cytoplasm streams back and forth, as you can see in this video clip. Cytoplasmic streaming distributes nutrients and oxygen to other parts of the cell, as well as contributing to the amoeboid movement of the plasmodium.

Credit: Michael Clayton, University of Wisconsin, Madison

Chapter 30 Plant Diversity II: The Evolution of Seed Plants

Flower Blooming (time lapse) Video
This time-lapse video accelerates the blooming of a North American wildflower. The flower sepals and petals enclose the gamete-producing organs. The female organ is called a carpel, and the male organ is called a stamen. Once the flower has bloomed, it will attract pollen-carrying animals, such as bees and birds, thus enhancing its efficiency of reproduction. The evolution of the flower and the coevolution of its pollinators have been major factors in the success of angiosperm plants.

Credit: National Geographic

Flowering Plant Life Cycle (time lapse) Video

This video shows the growth and reproduction of a variety of the mustard plant, Brassica rapa, sped up 12,000 times. The seeds of flowering plants contain a young embryo and stored food to fuel the early stages of growth. In Brassica rapa seeds, the food is stored in two cotyledons, or "seed leaves," which emerge first from the ground and quickly become photosynthetic. As growth progresses, the stem elongates and more leaves are produced. The appearance of flower buds signifies that the plant is about to engage in sexual reproduction. Meiosis produces two types of spores within the flower: microspores are produced in the anther sacs, and megaspores are formed in structures called ovules. Ovules are found inside the base of the carpel in a region called the ovary. Both the microspores and megaspores undergo regular cell divisions to produce small, simple organisms called gametophytes. The microspores become the male gametophytes and are commonly known as pollen, whereas the megaspores develop into female gametophytes. At maturity the male gametophyte produces two sperm cells and the female gametophyte produces one egg cell. However, the sexes cannot get together unless some pollinating agent moves pollen (male gametophyte) from the anther to the stigma. In this video, a small black brush is the pollinator. Now the sperm from the pollen can reach the egg cell via a pollen tube that is produced by the pollen, allowing fertilization to occur. 

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 31 Fungi

Allomyces Zoospore Release Video

Allomyces is an aquatic, saprobic fungus that is found worldwide in soil and water. It reproduces asexually by converting the contents of a sporangium into motile diploid zoospores. Here you can see one zoospore slowly squeezing out of the pore in the sporangium. This spore will swim away and attach to a suitable substrate, where it will retract the flagellum, and under suitable conditions grow into a new diploid body or thallus.

Credit: Henry Mainwaring, Western Carolina University

Phlyctochytrium Zoospore Release Video

The aquatic fungus Phlyctochytrium reproduces asexually by converting the entire contents of its flasked-shaped body, or thallus, into flagellated zoospores. Here you can see a number of zoospores being rapidly released through a pore in the body. These spores swim away and attach to a suitable substrate, where they retract the flagellum, and under suitable conditions grow into a new thallus.

Credit: Henry Mainwaring, Western Carolina University

Chapter 32 An Introduction to Animal Diversity 

Coral Reef Video

This footage was filmed in the Caribbean, and shows various examples of colorful fish that make up part of the incredibly diverse ecosystem of a coral reef. Some fish seen here are schools of grunts (yellow and striped yellow fish), gray snappers, and fairy basslets (the small, colorful bright purple, blue, and yellow fish). You can also see sea fans (gorgonians) waving in the current.

Credit: National Geographic

Sea Urchin Embryonic Development (time lapse) Video
This series of video clips shows selected important events in sea urchin embryonic development.

1) The unfertilized egg is about 100 micrometers (µm) in diameter, similar to that of humans, and is surrounded by an extracellular layer called the vitelline layer. Upon fertilization by the first sperm, the vitelline layer becomes raised off the surface of the egg and hardens, forming the protective structure known as the fertilization envelope. All cleavages up to the blastula stage occur within this envelope.

2) During first cleavage, the nuclear envelope breaks down, and the duplicated chromosomes separate into two complete sets, followed by cytokinesis. In the two new cells, or blastomeres, you can clearly see the two new nuclei.

3) Second cleavage, progressing from 2 to 4 cells, is seen here. Cleavages will proceed synchronously, approximately every 30 minutes, passing through the morula stage (16-64 cells) when the cells are loosely attached to each other, up to the blastula stage (more than 128 cells).

4) The blastula stage is seen at the end of this clip. This stage is made up of a hollow ball of 1000 or so cells, arranged in a single-layered epithelium. The cells are tightly packed together, maintaining a space in the center called the blastocoel cavity.

5) At the beginning of gastrulation, a number of cells in the flattened "vegetal pole," shown here at the bottom of the embryo, move as individual cells into the blastocoel cavity. In this cavity the cells migrate around, fuse with each other in a ring, and begin secreting elements of the calcium carbonate skeleton of the embryo. Because these cells are the first to move as individual cells in the embryo, they are called the primary mesenchyme cells (PMCs). The remaining cells in the vegetal pole fill in the gaps, restoring a complete epithelial sheet.

6) While the PMCs are migrating around, archenteron formation, or formation of the embryonic digestive tract, begins. The first stage involves the pushing in of the vegetal pole to form a short, wide, blind-ended tube. 

7) This tube then narrows and elongates by a process that includes extensive cell rearrangement. Following this elongation, a subset of cells (secondary mesenchyme cells) at the tip of the archenteron will extend processes that contact a specific site on the inside of the ectodermal wall and tow the archenteron toward that spot. The wall of the ectoderm will bend inward and fuse with the tip of the archenteron to form the mouth. The digestive tract will differentiate into an esophagus, a stomach, and an intestine, and the embryo will begin to feed. Four to 8 or 12 arms will extend, supported by internal skeletal elements. This feeding larva will float around in the plankton, eating algal cells, for 5 or 6 weeks, then will metamorphose into the adult form of the sea urchin. 

Credit: Rachel Fink, editor, “A Dozen Eggs,” Society for Developmental Biology

Chapter 33 Invertebrates
Hydra Eating Daphnia (time lapse) Video

The opening scene of this clip shows a Daphnia, commonly called the "water flea," on the left and a hydra, a sessile animal in the phylum Cnidaria, on the right. Like most cnidarians, hydra possess a ring of tentacles that surrounds the mouth. The mouth leads to a gastrovascular cavity with only one opening. Hydra, like most cnidarians, have highly specialized stinging cells called nematocysts. Some of these stinging cells inject a type of venom that paralyzes the hydra's prey, allowing its tentacles to surround and draw the prey into the mouth. The video shows the Daphnia being immobilized and the hydra ingesting the prey into its gastrovascular cavity. The food is then broken down into small particles that are engulfed, by phagocytosis, by the cells lining the gastrovascular cavity.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Hydra Budding Video

Hydra, a cnidarian relative of the jellies, can reproduce both asexually in a process called budding, and sexually by the production of egg and sperm. The hydra in the opening scene of the video is growing a young bud close to its base. Buds form as an outgrowth of the two-layered body wall. At first the tentacles are relatively short, and the gastrovascular cavity of the parent and the young bud are continuous. As the bud reaches maturity, the tentacles elongate and the gastrovascular cavity becomes separate. Eventually the bud pinches off and drops to the substratum to begin independent life.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Hydra Releasing Sperm Video
Hydra, the small, freshwater cnidarian, can reproduce asexually by budding. Under certain environmental conditions, hydra can also produce gametes and reproduce sexually. In the first part here you can see that Hydra vulgaris has several breast-shaped spermaries, or testes. In the next, closer shot you can see the hydra spermary. And then, in the final view, you can see the hydra sperm being released from the spermary.

Credit: Courtesy of Kerry Thompson
Jelly Swimming Video

This is a "moon jelly" (Class Scyphozoa), Aurelia aurita. These jellies are quite common along the Atlantic coast of the U.S. and the Bahamas. The medusa form, shown here, predominates in the jelly life cycle. As members of the phylum Cnidaria, jellies have only two layers of tissue, which are separated by an acellular layer called the mesoglea. The gelatinous consistency of the mesoglea gives jellies their name. The tentacles you can see hanging downward contain nematocysts, stinging cells that can be discharged upon contact with another organism. Toxins in the nematocysts can paralyze prey, so that they can be ingested through the jelly's centrally located mouth and then digested in its baglike gastrovascular cavity. The four white rings in the center of the bell are the gonads, where the gametes will form. Jellies can reproduce either asexually by budding or sexually.

Credit: National Geographic

Thimble Jellies Video

This is a group of thimble jellies (Linuche unguiculata) that was filmed in the Caribbean. The jellies are using contractile fibers derived from both of their body layers to contract their bell-shaped bodies, allowing them to move through the water. These contractile fibers are not true muscles, which are only found in animals with three tissue layers. The movements of these jellies are coordinated by a nerve net.

Credit: National Geographic

Clownfish and Anemone Video

This brightly colored clownfish hovering among the tentacles of an anemone was filmed in Lembeh Strait in Indonesia. A type of symbiotic relationship has evolved between these two animals. The clownfish acts as bait and attracts predatory fish, but when they approach, the stinging tentacles of the anemone paralyze the predator and eat it. Thus the anemone protects the clownfish from predation, and the clownfish attracts food for the anemone. This relationship is called mutualism, because the relationship is beneficial to both partners. An interesting side note is that the clownfish is not naturally immune to the toxin contained in the nematocysts of the anemone. Rather, the clownfish nibbles on the mucus secreted by the tentacles, and this inhibits the anemone from discharging the nematocysts.

Credit: National Geographic

Coral Reef Video

This footage was filmed in the Caribbean, and shows various examples of colorful fish that make up part of the incredibly diverse ecosystem of a coral reef. Some fish seen here are schools of grunts (yellow and striped yellow fish), gray snappers, and fairy basslets (the small, colorful bright purple, blue, and yellow fish). You can also see sea fans (gorgonians) waving in the current.

Credit: National Geographic

Rotifer Video
This clip shows a very small, multicellular invertebrate called a rotifer. The Latin name for this group of animals, Rotifera, means "wheel bearers;" they were so named because the beating cilia in the ciliated crown, as seen in this clip, resemble a wheel rotating. Although some rotifers reach 3 mm in length, most are the size of protists, making them among the smallest metazoans. The body of a rotifer is surrounded by a cuticle. These animals have a complete digestive tract and a more complex inner structure than that of flatworms, containing a pseudocoelom in which internal organs are found. 
Credit: Michael Clayton, University of Wisconsin, Madison

Nudibranchs Video

Nudibranchs, or sea slugs, belong to the phylum Mollusca, which also includes bivalves and snails. In fact, they are members of Gastropoda, the class including snails, although they have lost their shell over evolutionary time. The name nudibranch means "naked gills." In this clip you can see the gills—they are the branched structures sticking up from the back surface of the five different nudibranchs shown, which were filmed in Lembeh Strait in Indonesia. As you can see, nudibranchs are often very brightly colored and ornately patterned.

Credit: National Geographic

Earthworm Locomotion Video
Earthworms possess two muscle layers in their body wall. The outer or circular muscles have fibers that run around the circumference of the body. The fibers of the inner muscle layer are oriented along the length of the earthworm. Earthworms move by peristaltic locomotion. Contracting the circular muscles makes the animal long and skinny, and contracting the longitudinal muscles thickens and shortens the animal. The video shows how the worm will thicken and shorten one region of its body, while the adjacent region is elongated and made skinny. The worm can push itself forward because short, hair-like appendages called setae are extended in the region that becomes short and fat, thereby anchoring that region of the body and allowing the adjacent anterior region to move forward.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Tubeworms Video

These large tube-dwelling worms were filmed at the Galápagos Rift in the Pacific Ocean. Some may reach more than one meter in length. Worms like these were first seen in the late 1970s, when scientists discovered an unusual assemblage of animals living on the sea bottom in the vicinity of hydrothermal vents. About a dozen prokaryotic species found here are chemoautotrophs, which are capable of carrying out synthesis of organic compounds using energy derived from chemical oxidation of hydrogen sulfide, rather than light. The massive amount of hydrogen sulfide formed at these regions allows these chemoautotrophic bacteria to serve as the basis for an incredibly diverse community of unusual animals, including the worms shown here. Many of these animals and bacteria have formed symbiotic relationships: the animals harbor the bacteria inside themselves, and the bacteria provide organic compounds as nourishment for their hosts. The vestimentiferan worms shown here were so unusual in structure that they were determined not to belong to any known phylum, and were assigned their own novel phylum.

Credit: National Geographic
C. elegans Crawling Video
Caenorhabditis elegans, or C. elegans, is a species of nematode (roundworm) that normally lives in the soil and eats bacteria. The worm shown here is crawling on an agar plate in a lab, demonstrating movements similar to those it would normally use to move through the soil. Structures and organs in this worm are clearly visible, and some of them are labeled in this clip. Because an adult of this species is made up of only about 1000 cells, and they are easy to raise in a lab, C. elegans has become a popular species for the study of embryonic development. The adult shown here, like most adult C. elegans, is a self-fertilizing hermaphrodite: each adult produces both sperm and eggs, and fertilization is internal. Adult hermaphrodites are one millimeter long.

Credit: Robert P. Goldstein, University of North Carolina, Chapel Hill

C. elegans Embryo Development (time lapse) Video

C. elegans is a roundworm or nematode that lives in the soil. It is a useful species for the study of embryonic development because we know the lineage and fates of all its cells, and also because we now have genetic techniques that can be used to determine the function of specific genes. This time-lapse film shows the first 15 hours of C. elegans development, from a fertilized egg to a fully formed worm. The fertilized egg is about 50 microns long (1/20th of a millimeter), and contains two nuclei. The nucleus on the right is from the egg; the one on the left was contributed by the sperm at fertilization.

Credit: Robert P. Goldstein, University of North Carolina,  Chapel Hill

Lobster Mouth Parts Video

Each of the 14 fused segments of the lobster's cephalothorax carries a pair of highly specialized appendages. The first three segments bear the eyes, the antennules, and the antennae respectively. The next six segments bear the mouth parts. The video shows how the lobster coordinates the use of its feeding appendages to grip and move food to its jaws, where it crushes and swallows the food. The mandibles (jaws) are borne on segment number four. These whitish plates move back and forth to cut and grind the food before it is ingested. The next five appendages are called the first maxilla, second maxilla, first maxilliped, second maxilliped, and third maxilliped. The first and second maxillae and the first maxilliped are flattened chitinous plates that sweep the food back to the mandibles. The second and third maxillipeds are longer, leg-like appendages that can grip food and tear it apart into smaller pieces. The whole feeding mechanism is quite rapid and the final scene is shown at half speed. Note: The lobster in the video has lost both of its large claws and one of its third maxillipeds, but new ones are being regenerated.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Butterfly Emerging Video

This time-lapse movie shows the metamorphosis of a caterpillar into a Monarch butterfly. The caterpillar is the feeding larval stage, and spends its time eating and growing, molting as it grows. After it molts several times, it forms a cocoon within which it is encased as a pupa. Pockets of previously inactive cells in the pupa now begin dividing and differentiating into adult structures, while the larval structures and tissues are broken down. The most obvious adult structures are the wings, with their distinctive pattern, which you can see through the increasingly transparent cocoon. Finally, the adult emerges, and fluid is pumped into the wing veins, allowing them to support the wings. The adult flies away to carry out the functions for which it is specialized: dispersal and reproduction. The adult stage derives much of its nourishment from the calories eaten and stored by the feeding larval stage.
Credit: National Geographic

Bee Pollinating Video

Many plants rely on animals to transport pollen from the anthers to the stigma of the carpel. Typically, the pollinators are rewarded for this work with a sugary substance called nectar or with pollen that is high in protein. Many different animals act as pollinators, including bees, beetles, butterflies, birds, and bats. This video shows how a bumble bee visiting a Salvia plant will burrow its head among the flower's petals to suck the nectar from the flower's nectary. The anthers of the flower are located in such a way that the bee inevitably becomes dusted with pollen. When the bee emerges from the flower, it spends a few seconds using a specialized set of bristles on its first pair of legs to brush the pollen from its body and maneuver the pollen into the yellow pollen baskets located on its third pair of legs. The bee is not completely successful in removing all the pollen from its body, so when the bee enters the next flower, it will deposit pollen on the sticky stigma of the carpel. For the flower, the bee is essential for its sexual reproduction to occur; for the bee, the flower provides a supply of sugar and pollen to manufacture honey for the hive.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Echinoderm Tube Feet Video

The sea star is a member of the phylum Echinodermata. Animals in this phylum have a distinctive mechanism of locomotion. Within the sea star is an internal water vascular system that terminates in branches called tube feet. By a combination of hydraulic and muscular pressure, the tube feet can act as suction discs, attaching to and releasing from the substrate. Water enters the water vascular system via the madreporite, which is a strainer-like structure on the dorsal side of the animal. This video shows what happens when a sea star is placed on its back in an aquarium. The tip of the sea star's arm can bend back on itself, and once the tube feet engage the substrate, the animal slowly pulls itself onto its correct side.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 34 Vertebrates
Shark Eating a Seal Video

In this video clip, a great white shark attacks a seal decoy from below. Seals are the natural prey of great white sharks.

Credit: National Geographic

Manta Ray Video
The manta ray shown here is swimming near the shallow bottom in a region of the Caribbean Sea. Rays and sharks are cartilaginous fishes, belonging to the class Chondrichthyes. The greatly enlarged pectoral fins of rays allow them to glide smoothly through the water. As is true of most rays, this manta ray is a bottom dweller that feeds on mollusks and crustaceans, after crushing them with its jaws.

Credit: National Geographic

Clownfish and Anemone Video

This brightly colored clownfish hovering among the tentacles of an anemone was filmed in Lembeh Strait in Indonesia. A type of symbiotic relationship has evolved between these two animals. The clownfish acts as bait and attracts predatory fish, but when they approach, the stinging tentacles of the anemone paralyze the predator and eat it. Thus the anemone protects the clownfish from predation, and the clownfish attracts food for the anemone. This relationship is called mutualism, because the relationship is beneficial to both partners. An interesting side note is that the clownfish is not naturally immune to the toxin contained in the nematocysts of the anemone. Rather, the clownfish nibbles on the mucus secreted by the tentacles, and this inhibits the anemone from discharging the nematocysts.

Credit: National Geographic

Coral Reef Video

This footage was filmed in the Caribbean, and shows various examples of colorful fish that make up part of the incredibly diverse ecosystem of a coral reef. Some fish seen here are schools of grunts (yellow and striped yellow fish), gray snappers, and fairy basslets (the small, colorful bright purple, blue, and yellow fish). You can also see sea fans (gorgonians) waving in the current.

Credit: National Geographic

Sea Horses Video

The pygmy sea horses in this clip were filmed in Lembeh Strait in Indonesia. They are seen in their habitat among a distinctive type of coral. The sea horses look very much like the coral, which serves both to camouflage the sea horses and to lure their prey into the seeming safety of the branching coral. Darwinian theory says that better-camouflaged sea horses have better reproductive success, and thus pass on more of the genes underlying the camouflage pattern. This would account for the evolution of the striking likeness between this pygmy sea horse and its habitat.

Credit: National Geographic

Galápagos Marine Iguana Video

The marine iguana, Amblyrhynchus cristatus, is found throughout the Galápagos Islands; these are the only marine-going iguanas in the world. The marine iguanas shown in this clip are found on Fernandina Island, which supports large populations of marine iguanas. This ocean-going reptile is noted for diving and eating algae off the submerged volcanic rocks. Only the largest animals actually dive for their algae. Most eat algae from shallow intertidal rocks or exposed reefs. In this clip, you can see an iguana eating algae off the rocks. Much of the iguana's day is spent resting and digesting. Because it is ectothermic, the iguana needs to gather its body heat from the sun and the warm volcanic rocks.

Credit: Richard Benz, Wyckliffe School

Snake Ritual Wrestling Video
Here you can see two diamondback rattlesnakes, filmed in the Mojave Desert in southern California, carrying out a wrestling ritual. Such agonistic behavior is a symbolic activity, which has apparently evolved to settle contests over access to resources such as a mate, food, or territory. Although diamondback rattlesnakes are not usually territorial, during the mating season they become more so. They must perform this ritual wrestling behavior as they pass through each other's territory to gain access to females.

Credit: National Geographic

Galápagos Tortoise Video

The Galápagos giant tortoise, Geochelone elephantopus, exists in only 11 subspecies found on seven of the Galápagos Islands. These dome-backed tortoises are found on Santa Cruz Island. In addition, tortoises with an upswept "saddleback" carapace (shell) are also found. Lore has it that natives can tell which island a tortoise is from by the shape of its shell. The tortoise shown here could be anywhere from 50-150 years old or more, and might weigh as much as 500 pounds when fully grown. The giant tortoise is a vegetarian, eating over fifty varieties of island plants. Many of the populations of giant tortoise are not numerous, and their survival is in danger.

Credit: Richard Benz, Wyckliffe School

Flapping Geese Video

The geese in this footage were filmed in Chesapeake Bay, Maryland. Geese are water birds, with higher amounts of oil on their feathers than other birds. They are strong fliers and migrate many hundreds of miles when the seasons change.

Credit: National Geographic

Soaring Hawk Video

The hawk in this video clip was filmed in the Galápagos Islands, soaring through the air in search of prey. The wing clearly functions as an efficient airfoil—the leading edge is thicker than the trailing edge, its upper surface is slightly convex, and its under surface is flattened or concave. Since the air passing over the top travels further than the air passing under the wing, the air molecules are further apart—thus less dense—on top of the wing than underneath. This results in greater air pressure under the wing, which serves to lift the wing. Birds' bones are hollow and relatively light, allowing them to reach great speeds of flight. Some birds can fly up to 170 km (about 100 miles) an hour.
Credit: National Geographic

Swans Taking Flight Video

These tundra swans were filmed in an Alaskan wetland. They appear very graceful while gliding through the water, but are more ungainly as they take flight. Because they have relatively larger bodies than other birds, it takes several beats of their large wings for these birds to become airborne. The sound of the wings beating resembles that of someone shaking out a tablecloth quite vigorously.

Credit: National Geographic

Bat Licking Nectar Video
This clip shows a lesser long-nosed bat, Leptonycteris mexicana, eating sugar water from an eye dropper held by a scientist. This bat was caught at a night roost in southeastern Arizona, where this species is quite common. Leptonycteris mexicana is a very social species, often roosting in colonies of up to several thousand bats. These bats pollinate the flowers of Palmer's agave (Agave palmeri), their only local food.
Credit: Katharine Hinman, SUNY Stony Brook, Department of Ecology and Evolution

Bat Pollinating Agave Plant Video

This footage shows a close-up view of a branch from Palmer's agave (Agave palmeri), the major food plant for two species of bat in southeastern Arizona—the Mexican long-tongued bat (Choeronycteris mexicana) and the lesser long-nosed bat (Leptonycteris mexicana). Agave palmeri is a century plant, which grows as a rosette of spiky leaves for 8 to 35 years before blooming once, then dying. During late summer, when this footage was filmed, the bats get all their nourishment from the agave, obtaining carbohydrates from the nectar and protein and lipids from the pollen. Bats can't hover like hummingbirds can, so each visit is just as long as a few wing beats, during which they can stick their tongues out two to three times to lap up nectar. This process is facilitated by hair-like projections at the end of their long tongues, which help the tongues to act like sponges. In addition, pollen from the flower gets stuck on their fur, and they later groom the pollen off of each other and ingest it. An agave branch like the one shown here can have up to 100 flowers on it, so it can sustain several bat visits per night. In this clip we see three visits.

Credit: Katharine Hinman, SUNY Stony Brook, Department of Ecology and Evolution

Galápagos Sea Lion Video

The Galápagos sea lion, Zalophus wollebaeki, is a subspecies of the California sea lion, Zalophus californianus. It is the largest terrestrial animal in the islands. The Galápagos sea lion is often found in large groups called colonies. Large males form harems of 15 or 20 females. (These are not true harems, since the females are free to wander from one group to another.) In this clip you see a small family of sea lions on Fernandina Island. The barking one is the young bull, and there is one cow and a youngster.

Credit: Richard Benz, Wyckliffe School

Wolves Agonistic Behavior Video

The wolves in this clip are showing obvious agonistic behavior, in a ritual display that has probably evolved to decide which males gain access to a resource such as a mate or food. This is generally symbolic activity that does not result in actual injury. In this clip, you can see the wolves showing aggression by baring their teeth; erecting their ears, tail, and fur; standing upright; and looking directly at their opponent. These movements serve to make the animal appear larger and more threatening.

Credit: National Geographic

Gibbons Brachiating Video

The long arms of the Asian ape called the gibbon make it among the most acrobatic of all primates. As you can see in this clip, these apes swing through the trees quite gracefully and efficiently. Gibbons are the only monogamous apes. These gibbons were filmed in the rain forest in Danum Valley, Malaysia.
Credit: National Geographic
Chimp Agonistic Behavior Video

This chimpanzee was filmed in Gombe, Africa. He is engaged in agonistic behavior in the form of an aggressive threat display. Behavior such as this is ritualized and is performed in order to gain the animal access to greater resources, such as food, a mate, or higher standing in the group.

Credit: National Geographic

Chimp Cracking Nut Video

This chimpanzee was filmed in Gombe, Africa. Chimps and humans are believed to represent two branches of anthropoids that evolved from a common ancestor, and molecular evidence suggests that chimps are more closely related to humans than to other apes. This chimp is using a big piece of wood as a tool to crack open nuts for food. Chimps are known for their high level of intelligence among animals.

Credit: National Geographic

Chapter 35 Plant Structure, Growth, and Development

Root Growth in a Radish Seed (time lapse) Video

Roots grow not only by cell division but also by the elongation of existing cells. Most cell division takes place in the tip of the root in a region called the apical meristem and in the tissues directly behind the meristem. Following cell division, some of the daughter cells remain as part of the meristem, but the cells 2-4 mm behind the growing tip undergo extensive elongation in a region called the zone of elongation. Elongating cells force the root to grow down through the soil. Water is absorbed mostly by the root hairs that develop in a region called the zone of maturation. The root hairs are small, delicate extensions of the epidermal cells that greatly increase their surface area.
Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 36 Resource Acquisition and Transport in Vascular Plants
Plasmolysis Video
In this clip, a leaf of the pondweed Elodea has been placed in a concentrated solution of table salt. As the cells lose water to the surrounding environment through osmosis, a process called plasmolysis occurs. In this process the cell contents collapse as the plasma membrane pulls away from the cell wall.
Credit: Henry Mainwaring, Western Carolina University

Turgid Elodea Video
Elodea is a water plant whose thin leaves are only two cell layers thick. This 1000x magnified view focuses through several adjacent cells in a leaf. In the lower cell, you can clearly see a nucleus, with the smaller nucleolus inside it. The huge central vacuole is obvious in the middle cell, due to the absence of any detail in the area occupied by this organelle. Mitochondria are visible in the stream of cytosol as it sweeps around the cell. Because this is viewed using Nomarski optics, it appears three dimensional—for example, you can see the stacks of membranes in the grana inside the chloroplasts.

Credit: Michael Clayton, University of Wisconsin, Madison

Chapter 37 Soil and Plant Nutrition 
Sun Dew Trapping Prey Video

Some plants that live in habitats that are nutritionally poor, especially in nitrogen, can supplement their diet by occasionally catching and killing insects. An example is the sun dew plant, which lives in the Okefenokee Swamp in Florida. This video clip shows the function of its highly developed insect trap. Protrusions coated with sticky digestive juices are attractive to the insect larva inching its way up the stem. When the larva attempts to eat the glistening drops, it is swiftly caught by many other sticky protrusions, and finally the plant closes down on the larva and digests it. This closing movement, which is very rapid, occurs in response to the accumulation of water in cells in the outer region of each lobe of the trap. This water enlarges and changes the shape of the two lobes, bringing their edges together.

Credit: National Geographic

Chapter 38 Angiosperm Reproduction and Biotechnology 
Flower Blooming (time lapse) Video
This time-lapse video accelerates the blooming of a North American wildflower. The flower sepals and petals enclose the gamete-producing organs. The female organ is called a carpel, and the male organ is called a stamen. Once the flower has bloomed, it will attract pollen-carrying animals, such as bees and birds, thus enhancing its efficiency of reproduction. The evolution of the flower and the coevolution of its pollinators have been major factors in the success of angiosperm plants.

Credit: National Geographic

Flowering Plant Life Cycle (time lapse) Video

This video shows the growth and reproduction of a variety of the mustard plant, Brassica rapa, sped up 12,000 times. The seeds of flowering plants contain a young embryo and stored food to fuel the early stages of growth. In Brassica rapa seeds, the food is stored in two cotyledons, or "seed leaves," which emerge first from the ground and quickly become photosynthetic. As growth progresses, the stem elongates and more leaves are produced. The appearance of flower buds signifies that the plant is about to engage in sexual reproduction. Meiosis produces two types of spores within the flower: microspores are produced in the anther sacs, and megaspores are formed in structures called ovules. Ovules are found inside the base of the carpel in a region called the ovary. Both the microspores and megaspores undergo regular cell divisions to produce small, simple organisms called gametophytes. The microspores become the male gametophytes and are commonly known as pollen, whereas the megaspores develop into female gametophytes. At maturity the male gametophyte produces two sperm cells and the female gametophyte produces one egg cell. However, the sexes cannot get together unless some pollinating agent moves pollen (male gametophyte) from the anther to the stigma. In this video, a small black brush is the pollinator. Now the sperm from the pollen can reach the egg cell via a pollen tube that is produced by the pollen, allowing fertilization to occur. 

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Bat Pollinating Agave Plant Video

This footage shows a close-up view of a branch from Palmer's agave (Agave palmeri), the major food plant for two species of bat in southeastern Arizona—the Mexican long-tongued bat (Choeronycteris mexicana) and the lesser long-nosed bat (Leptonycteris mexicana). Agave palmeri is a century plant, which grows as a rosette of spiky leaves for 8 to 35 years before blooming once, then dying. During late summer, when this footage was filmed, the bats get all their nourishment from the agave, obtaining carbohydrates from the nectar and protein and lipids from the pollen. Bats can't hover like hummingbirds can, so each visit is just as long as a few wing beats, during which they can stick their tongues out two to three times to lap up nectar. This process is facilitated by hair-like projections at the end of their long tongues, which help the tongues to act like sponges. In addition, pollen from the flower gets stuck on their fur, and they later groom the pollen off of each other and ingest it. An agave branch like the one shown here can have up to 100 flowers on it, so it can sustain several bat visits per night. In this clip we see three visits.

Credit: Katharine Hinman, SUNY Stony Brook, Department of Ecology and Evolution

Bee Pollinating Video

Many plants rely on animals to transport pollen from the anthers to the stigma of the carpel. Typically, the pollinators are rewarded for this work with a sugary substance called nectar or with pollen that is high in protein. Many different animals act as pollinators, including bees, beetles, butterflies, birds, and bats. This video shows how a bumble bee visiting a Salvia plant will burrow its head among the flower's petals to suck the nectar from the flower's nectary. The anthers of the flower are located in such a way that the bee inevitably becomes dusted with pollen. When the bee emerges from the flower, it spends a few seconds using a specialized set of bristles on its first pair of legs to brush the pollen from its body and maneuver the pollen into the yellow pollen baskets located on its third pair of legs. The bee is not completely successful in removing all the pollen from its body, so when the bee enters the next flower, it will deposit pollen on the sticky stigma of the carpel. For the flower, the bee is essential for its sexual reproduction to occur; for the bee, the flower provides a supply of sugar and pollen to manufacture honey for the hive.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 39 Plant Responses to Internal and External Signals 

Phototropism Video

Plants exhibit phototropism when their shoots grow toward a light source. The first part of this video shows this phenomenon in a Mung bean seedling, Vigna radiata. You can see that this seedling grows toward the lamp located on the top left side of the screen (growth has been sped up 1,800 times). Experiments have shown that plants only respond to wavelengths of light in the blue end of the spectrum. This is illustrated in the second half of the video, where another Mung bean seedling is placed between two light sources: red light from the right and blue light from the left. Notice that as the plant grows it curves to the left.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Gravitropism Video

Gravitropism is the response of roots and shoots to gravity. In this demonstration of this phenomenon, a young Mung bean seedling (Vigna radiata) is rotated 90° on its side. The rate of growth shown is sped up 1,300 times. The stem quickly begins to bend upward, exhibiting what is called negative gravitropism. Since plants also respond to light (phototropism), the light source for photosynthesis was placed below the plant to demonstrate the strong influence that the Earth's gravity has on the direction of shoot growth.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Mimosa Leaf Video

Mimosa has a doubly compound leaf. The petiole, or leaf stalk, is attached to the stem at the node and bears four smaller stalks that carry two rows of leaflets. As you can see here, a mechanical stimulus, such as the touch of a finger, will cause the leaflets to fold rapidly—in less than one second. The same response can be elicited with other stimuli such as rain, wind, shaking, or severe heat. Interesting research has been conducted on the propagation of the signal from the site of stimulation to other parts of the leaf. When the terminal leaflets are given a light pinch, the leaflets close in sequence. In some cases, the signal from the stimulus reaches the node and causes the petiole to flop down. Eventually, the signal reaches the base of the group of leaflets and causes the leaflets to close sequentially from the base to the tip.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 40 Basic Principles of Animal Form and Function 
Galápagos Sea Lion Video

The Galápagos sea lion, Zalophus wollebaeki, is a subspecies of the California sea lion, Zalophus californianus. It is the largest terrestrial animal in the islands. The Galápagos sea lion is often found in large groups called colonies. Large males form harems of 15 or 20 females. (These are not true harems, since the females are free to wander from one group to another.) In this clip you see a small family of sea lions on Fernandina Island. The barking one is the young bull, and there is one cow and a youngster.

Credit: Richard Benz, Wyckliffe School

Shark Eating a Seal Video

In this video clip, a great white shark attacks a seal decoy from below. Seals are the natural prey of great white sharks.

Credit: National Geographic

Hydra Eating Daphnia (time lapse) Video

The opening scene of this clip shows a Daphnia, commonly called the "water flea," on the left and a hydra, a sessile animal in the phylum Cnidaria, on the right. Like most cnidarians, hydra possess a ring of tentacles that surrounds the mouth. The mouth leads to a gastrovascular cavity with only one opening. Hydra, like most cnidarians, have highly specialized stinging cells called nematocysts. Some of these stinging cells inject a type of venom that paralyzes the hydra's prey, allowing its tentacles to surround and draw the prey into the mouth. The video shows the Daphnia being immobilized and the hydra ingesting the prey into its gastrovascular cavity. The food is then broken down into small particles that are engulfed, by phagocytosis, by the cells lining the gastrovascular cavity.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 41 Animal Nutrition
Lobster Mouth Parts Video

Each of the 14 fused segments of the lobster's cephalothorax carries a pair of highly specialized appendages. The first three segments bear the eyes, the antennules, and the antennae respectively. The next six segments bear the mouth parts. The video shows how the lobster coordinates the use of its feeding appendages to grip and move food to its jaws, where it crushes and swallows the food. The mandibles (jaws) are borne on segment number four. These whitish plates move back and forth to cut and grind the food before it is ingested. The next five appendages are called the first maxilla, second maxilla, first maxilliped, second maxilliped, and third maxilliped. The first and second maxillae and the first maxilliped are flattened chitinous plates that sweep the food back to the mandibles. The second and third maxillipeds are longer, leg-like appendages that can grip food and tear it apart into smaller pieces. The whole feeding mechanism is quite rapid and the final scene is shown at half speed. Note: The lobster in the video has lost both of its large claws and one of its third maxillipeds, but new ones are being regenerated.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Shark Eating a Seal Video

In this video clip, a great white shark attacks a seal decoy from below. Seals are the natural prey of great white sharks.

Credit: National Geographic

Hydra Eating Daphnia (time lapse) Video

The opening scene of this clip shows a Daphnia, commonly called the "water flea," on the left and a hydra, a sessile animal in the phylum Cnidaria, on the right. Like most cnidarians, hydra possess a ring of tentacles that surrounds the mouth. The mouth leads to a gastrovascular cavity with only one opening. Hydra, like most cnidarians, have highly specialized stinging cells called nematocysts. Some of these stinging cells inject a type of venom that paralyzes the hydra's prey, allowing its tentacles to surround and draw the prey into the mouth. The video shows the Daphnia being immobilized and the hydra ingesting the prey into its gastrovascular cavity. The food is then broken down into small particles that are engulfed, by phagocytosis, by the cells lining the gastrovascular cavity.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 42 Circulation and Gas Exchange

Leukocyte Adhesion and Rolling Video
Watch leukocytes roll along the inner surface of blood vessels in a small vein of a zebrafish, a transparent organism often used in cell biology research. These leukocytes use a surface glycoprotein known as L-selectin to attach to the vessel wall in the vicinity of an inflammation. Notice how slowly the leukocytes are moving relative to the erythrocytes that are passing by too rapidly to be seen clearly.

Credit: Courtesy of Philippe Herbomel, Institut Pasteur, Paris, France
Chapter 43 The Immune System

Leukocyte Adhesion and Rolling Video
Watch leukocytes roll along the inner surface of blood vessels in a small vein of a zebrafish, a transparent organism often used in cell biology research. These leukocytes use a surface glycoprotein known as L-selectin to attach to the vessel wall in the vicinity of an inflammation. Notice how slowly the leukocytes are moving relative to the erythrocytes that are passing by too rapidly to be seen clearly.

Credit: Courtesy of Philippe Herbomel, Institut Pasteur, Paris, France
Chemotaxis of a Neutrophil Video

Watch a neutrophil move toward a chemical attractant supplied in a glass micropipette. Neutrophils are white blood cells involved in defense against pathogens that respond to chemical signals via G-protein-linked receptors. They are attracted to sites of injured tissue where pathogens may be found. Notice how the cell forms an actin-based protrusion in the direction of the chemoattractant.

Credit: Courtesy of Henry Bourne
T Cell Receptors Video
This video shows the process of molecular recognition that occurs when immune T cells detect a foreign particle in the animal. Specifically, it shows the events as a T cell meets and recognizes an antigen-bearing B cell. This clip starts with a T cell with fluorescently labeled (via a GFP-fusion) T cell receptor-associated molecules. The video is a montage of four panels (clockwise from upper left). The first shows the differential interference contrast (DIC) image, the second shows the intracellular calcium levels as determined by using a fluorescent calcium sensitive dye (calcium levels are color-coded from blue up to red), the third shows the distribution (along the cell surface) of the transmembrane T cell receptor molecule (green-red color scale), and the fourth is a three-dimensional projection of the "cap" complex at the interface of the T cell and the B cell. This latter image shows the dynamic nature of the molecular recognition event. Toward the end of the movie the key molecules are finally "corralled" into the center of the interface between the two cells.

Credit: Courtesy of Matthew Krummel, University of California, San Francisco, Department of Pathology

Chapter 46 Animal Reproduction: 
Hydra Budding Video

Hydra, a cnidarian relative of the jellies, can reproduce both asexually in a process called budding, and sexually by the production of egg and sperm. The hydra in the opening scene of the video is growing a young bud close to its base. Buds form as an outgrowth of the two-layered body wall. At first the tentacles are relatively short, and the gastrovascular cavity of the parent and the young bud are continuous. As the bud reaches maturity, the tentacles elongate and the gastrovascular cavity becomes separate. Eventually the bud pinches off and drops to the substratum to begin independent life.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Hydra Releasing Sperm Video
Hydra, the small, freshwater cnidarian, can reproduce asexually by budding. Under certain environmental conditions, hydra can also produce gametes and reproduce sexually. In the first part here you can see that Hydra vulgaris has several breast-shaped spermaries, or testes. In the next, closer shot you can see the hydra spermary. And then, in the final view, you can see the hydra sperm being released from the spermary.

Credit: Courtesy of Kerry Thompson

Motion of Isolated Flagellum Video

See how a flagellum beats in the presence of ATP even when separated from the cell. The flagellum of one of these bull sperm cells was cut in half using a glass microprobe. Notice how the excised piece of the flagellum continues to beat in the absence of any connection to the original cell.

Credit: Dana L. Holcomb-Wygle, Kathleen A. Lesich, and Charles B. Lindemann, Oakland University, Department of Biological Sciences, Rochester, Michigan
Flagellum Movement in Swimming Sperm Video
See the complex motion of the flagellum of an immobilized mouse sperm. These images were taken using dark-field microscopy, with the recorded image inverted to show the cell as dark against a light background. As the flagellum undulates, notice the presence of smaller secondary waves superimposed upon the large back-and-forth primary waves.

Credit: Courtesy of Geraint Vernon

Ultrasound of Human Fetus 1 Video
Ultrasound produces an image inside a living human using very high frequency sound waves of between 3.5 to 7.0 megahertz (i.e., 3.5 to 7 million cycles per second) that are emitted from a transducer. When the beams of ultrasound hit the various tissues inside the body, the differences in the density of the material produce a variety of reflected sound that can be collected and formed into an image. This image is really a two-dimensional "slice" through the patient. The video shows various views of the fetus (now a beautiful baby!) sucking her thumb, kicking, turning over, etc. In an obstetric ultrasound examination, the transducer is placed against the abdomen of the patient to form images of the developing fetus and gather information about gestational age, fetal size, and heart beat. Also, malformations in the fetus can be assessed and measurements can be made accurately on the images displayed on the screen. The video shows how the length of the foot can be measured (2.75 cm in this case). The doppler shift principle can be used in ultrasound to accurately measure the blood flow in the fetal blood vessels and monitor the heart function. This, coupled with the use of "color flow" mapping, can clearly depict the flow of blood in fetal blood vessels in a scan, the direction of the flow being represented by different colors. The video shows high rates of flow in red, and low rates in blue.

Credit: Courtesy of Mike and Charlie McCullough

Ultrasound of Human Fetus 2 Video
Ultrasound imaging uses high frequency sound waves to create a picture of a growing fetus. Here are two separate ultrasound images of two brothers. The boys are two years apart in age and each ultrasound was performed when their mother was about 20 weeks pregnant.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chapter 47 Animal Development 
Cortical Granule Fusion Following Egg Fertilization Video

Watch as cortical granules fuse with the egg cell plasma membrane immediately following fertilization by a sperm cell. These images were made using a lipophilic dye that binds to the membranes of the granules, allowing us to see individual fusion events. Notice how these fusion events, which are triggered by calcium, sweep across the egg surface immediately following sperm entry at the upper left.

Credit: Courtesy of Mark Terasaki
Calcium Release Following Egg Fertilization Video

See the changes in free calcium in an egg cell immediately following fertilization by a sperm cell. Simultaneous images of the fertilization event were taken using phase contrast microscopy to show the cell (left) and Calcium Green fluorescence microscopy to reveal areas of free calcium (right). Notice how a wave of free calcium moves quickly across the cell, starting at the point of sperm entry in the upper right.

Credit: Courtesy of Mark Terasaki
Calcium Wave Propagation in Fish Eggs Video

See how waves of calcium move across a fertilized egg, beginning at the point of sperm entry. These eggs were injected with aequorin, a protein that emits light when bound to calcium ions. Notice, at the end of the video, how similar waves of calcium can be induced in an unfertilized egg by calcium ionophore treatment.

Credit: Courtesy of Lionel Jaffe
Cleavage of a Fertilized Egg Video
Watch as a fertilized frog egg undergoes multiple rounds of mitosis and cytokinesis. Each round of cell division parcels the original cytoplasm into smaller and smaller cells. Notice how the cell divisions appear to be synchronized.

Credit: Courtesy of Dr. Huw Williams and Professor Jim Smith
Sea Urchin Embryonic Development (time lapse) Video

This series of video clips shows selected important events in sea urchin embryonic development.

1) The unfertilized egg is about 100 micrometers (µm) in diameter, similar to that of humans, and is surrounded by an extracellular layer called the vitelline layer. Upon fertilization by the first sperm, the vitelline layer becomes raised off the surface of the egg and hardens, forming the protective structure known as the fertilization envelope. All cleavages up to the blastula stage occur within this envelope.

2) During first cleavage, the nuclear envelope breaks down, and the duplicated chromosomes separate into two complete sets, followed by cytokinesis. In the two new cells, or blastomeres, you can clearly see the two new nuclei.

3) Second cleavage, progressing from 2 to 4 cells, is seen here. Cleavages will proceed synchronously, approximately every 30 minutes, passing through the morula stage (16-64 cells) when the cells are loosely attached to each other, up to the blastula stage (more than 128 cells).

4) The blastula stage is seen at the end of this clip. This stage is made up of a hollow ball of 1000 or so cells, arranged in a single-layered epithelium. The cells are tightly packed together, maintaining a space in the center called the blastocoel cavity.

5) At the beginning of gastrulation, a number of cells in the flattened "vegetal pole," shown here at the bottom of the embryo, move as individual cells into the blastocoel cavity. In this cavity the cells migrate around, fuse with each other in a ring, and begin secreting elements of the calcium carbonate skeleton of the embryo. Because these cells are the first to move as individual cells in the embryo, they are called the primary mesenchyme cells (PMCs). The remaining cells in the vegetal pole fill in the gaps, restoring a complete epithelial sheet.

6) While the PMCs are migrating around, archenteron formation, or formation of the embryonic digestive tract, begins. The first stage involves the pushing in of the vegetal pole to form a short, wide, blind-ended tube. 

7) This tube then narrows and elongates by a process that includes extensive cell rearrangement. Following this elongation, a subset of cells (secondary mesenchyme cells) at the tip of the archenteron will extend processes that contact a specific site on the inside of the ectodermal wall and tow the archenteron toward that spot. The wall of the ectoderm will bend inward and fuse with the tip of the archenteron to form the mouth. The digestive tract will differentiate into an esophagus, a stomach, and an intestine, and the embryo will begin to feed. Four to 8 or 12 arms will extend, supported by internal skeletal elements. This feeding larva will float around in the plankton, eating algal cells, for 5 or 6 weeks, then will metamorphose into the adult form of the sea urchin. 

Credit: Rachel Fink, editor, “A Dozen Eggs,” Society for Developmental Biology

Frog Embryo Development (time lapse) Video

This video shows the development of an embryo of Xenopus, the African clawed frog. This animal is a favorite of embryologists, as many of the developmental processes seen in a frog are also observed in other vertebrates. This time-lapse video starts with the end of gastrulation and progresses to the beginning of organogenesis—particularly the beginnings of the nervous system. Late in gastrulation, cleavage has produced numerous cells too small to be seen individually. The cells roll over the lip of the blastopore and into the interior of the gastrula. Inside, lighter-colored yolk-laden cells that originated at the vegetal pole form the endoderm of the rudimentary digestive tract. Cells from the animal pole spread over the embryo and form ectoderm. In between, a layer of mesoderm is taking shape. At about 9 seconds, you are seeing the back of the embryo, with what will become the head at the top. The blastopore later becomes the anus. Under the dorsal surface, from head to tail, a rod of mesoderm called the notochord is forming; later it will be replaced by the vertebral column. Above the notochord, the ectoderm thickens, forming a neural plate bounded by two neural folds. This is the beginning of neurulation, the formation of the nervous system. The neural folds join at the midline and the middle portion of the neural plate sinks beneath the surface, forming a neural tube. The enlarged anterior portion of the neural tube will become the frog's brain, and the posterior portion will develop into the spinal cord.

Credit: Ray Keller and John Shih, University of California, Berkeley, sponsored by the Society for Developmental Biology 
Lamellipodia in Cell Migration Video

Watch how a cell is able to move using projections known as lamellipodia. These images of a migrating fish epidermal cell were taken using differential interference contrast microscopy. Notice how the lamellipodium forms a thin sheet at the forward edge of the cell, attaches to the substrate, and then pulls the cell forward.

Credit: Courtesy of Mark S. Cooper
Chapter 48 Neurons, Synapses, and Signaling

Dendrites of a Neuron Video

See the 3D structure of the dendrites of a neuron from the hippocampus area of the brain. Notice the extensive branching of the dendrites, which receive nerve impulses from other neurons and carry them toward the cell body.

Credit: Courtesy of Zao Xu and Kenneth Dunn, Indiana Center for Biological Microscopy, Indiana University
Chapter 50 Sensory and Motor Mechanisms 

Conformational Changes in Calmodulin Video

See the change in calmodulin conformation induced by calcium ion binding. The calcium-binding regions at either end of calmodulin consist of a set of four helices. Notice how, upon calcium binding, the central hinge region bends to allow calmodulin to wrap around a target protein, which is then itself activated.

Credit: Courtesy of Mark Gerstein
Cardiac Muscle Contraction Video

Watch the contraction of a heart muscle cell expressing a green fluorescent protein-myosin fusion. The beginning of the video shows a fluorescent image of the cell, followed by differential interference contrast microscopy of the cell undergoing contraction. Notice how the speed of contraction can be monitored by tracking the position of two adjacent Z-lines.

Credit: Copyright 2003 The Company of Biologists Ltd. J Cell Sci Wang et al. 116 (20): 4227.

Myosin-Actin Interaction Video

See the conformational changes of myosin interacting with an actin microfilament. This animation shows an atomic model of the globular head of myosin II while it is docked onto a binding site on the microfilament. Notice the two different conformations the myosin molecule can assume, representing the start and the end of the power stroke.

Credit: Courtesy of John Trinick, Molecular Contractility Group, Leeds University
Chapter 51 Animal Behavior 
Albatross Courtship Ritual Video
These waved albatrosses, Diomedea (Leptorhynchus) irrorata, are shown during their courtship ritual. Notice the behaviors: sky-pointing (head held back), beak clacking, and heads bobbing left and right. The waved albatross is one of the largest birds in the Galápagos. Most of the entire world population of the waved albatross nests on Española Island and is considered endemic to this Galápagos island. Albatrosses pair for life (up to 40 or 50 years in some cases.) The complex courtship dance can take a very long time to complete with very ritualistic movements. These birds land on Española Island in late March and leave before January to wander over an extensive range along the South American coast from Ecuador to Peru.

Credit: Richard Benz, Wyckliffe School

Blue-Footed Boobies Courtship Ritual Video
The Galápagos blue-footed booby, Sula nebouxi, is the most commonly seen booby in the archipelago. It nests near the coast of most of the islands and feeds close to shore. This video shows blue-footed boobies filmed during their courtship ritual. You can see the birds displaying their blue feet to each other and notice the way they hold their wings back; this is called sky-pointing. Although both male and female are approximately the same size, you can distinguish them by their vocalizations and their eyes. The female voice is a definite honk, while the male whistles during courtship. The female eye has a noticeably larger pupil. The male bird in this sequence is the one getting the female's attention with a definite sky-pointing behavior.

Credit: Richard Benz, Wyckliffe School

Giraffe Courtship Video

Description: The two giraffes in this clip were filmed on the Serengeti Plain in Africa. They are bumping each other's necks in a courtship ritual. Courtship usually involves a complex set of behaviors believed to serve as confirmation that the participants are of the same species but of opposite sex, are in good physiological condition, and do not threaten each other.

Credit: National Geographic

Ducklings Video

The wood duck and her ducklings shown here were filmed in Sun Valley, Idaho. Imprinting is a learned behavior that is limited to a specific time in a young animal's life. Mother-offspring bonding between these wood ducks is a critical step in the life cycle of these animals. Each of the ducklings in the nest jumps down into the water to join its mother's brood because of imprinting; this action does not appear to be motivated by any other reason. Once the whole brood is together, the ducklings follow the mother closely, learning all the necessary behaviors to ensure their success.

Credit: National Geographic

Bee Pollinating Video

Many plants rely on animals to transport pollen from the anthers to the stigma of the carpel. Typically, the pollinators are rewarded for this work with a sugary substance called nectar or with pollen that is high in protein. Many different animals act as pollinators, including bees, beetles, butterflies, birds, and bats. This video shows how a bumble bee visiting a Salvia plant will burrow its head among the flower's petals to suck the nectar from the flower's nectary. The anthers of the flower are located in such a way that the bee inevitably becomes dusted with pollen. When the bee emerges from the flower, it spends a few seconds using a specialized set of bristles on its first pair of legs to brush the pollen from its body and maneuver the pollen into the yellow pollen baskets located on its third pair of legs. The bee is not completely successful in removing all the pollen from its body, so when the bee enters the next flower, it will deposit pollen on the sticky stigma of the carpel. For the flower, the bee is essential for its sexual reproduction to occur; for the bee, the flower provides a supply of sugar and pollen to manufacture honey for the hive.

Credit: Courtesy of Graham R. Kent and Rebecca L. Turner, Smith College

Chimp Cracking Nut Video

This chimpanzee was filmed in Gombe, Africa. Chimps and humans are believed to represent two branches of anthropoids that evolved from a common ancestor, and molecular evidence suggests that chimps are more closely related to humans than to other apes. This chimp is using a big piece of wood as a tool to crack open nuts for food. Chimps are known for their high level of intelligence among animals.

Credit: National Geographic

Chimp Agonistic Behavior Video

This chimpanzee was filmed in Gombe, Africa. He is engaged in agonistic behavior in the form of an aggressive threat display. Behavior such as this is ritualized and is performed in order to gain the animal access to greater resources, such as food, a mate, or higher standing in the group.

Credit: National Geographic

Snake Ritual Wrestling Video
Here you can see two diamondback rattlesnakes, filmed in the Mojave Desert in southern California, carrying out a wrestling ritual. Such agonistic behavior is a symbolic activity, which has apparently evolved to settle contests over access to resources such as a mate, food, or territory. Although diamondback rattlesnakes are not usually territorial, during the mating season they become more so. They must perform this ritual wrestling behavior as they pass through each other's territory to gain access to females.

Credit: National Geographic

Wolves Agonistic Behavior Video

The wolves in this clip are showing obvious agonistic behavior, in a ritual display that has probably evolved to decide which males gain access to a resource such as a mate or food. This is generally symbolic activity that does not result in actual injury. In this clip, you can see the wolves showing aggression by baring their teeth; erecting their ears, tail, and fur; standing upright; and looking directly at their opponent. These movements serve to make the animal appear larger and more threatening.

Credit: National Geographic

Chapter 52 An Introduction to Ecology and the Biosphere
Clownfish and Anemone Video

This brightly colored clownfish hovering among the tentacles of an anemone was filmed in Lembeh Strait in Indonesia. A type of symbiotic relationship has evolved between these two animals. The clownfish acts as bait and attracts predatory fish, but when they approach, the stinging tentacles of the anemone paralyze the predator and eat it. Thus the anemone protects the clownfish from predation, and the clownfish attracts food for the anemone. This relationship is called mutualism, because the relationship is beneficial to both partners. An interesting side note is that the clownfish is not naturally immune to the toxin contained in the nematocysts of the anemone. Rather, the clownfish nibbles on the mucus secreted by the tentacles, and this inhibits the anemone from discharging the nematocysts.

Credit: National Geographic

Coral Reef Video

This footage was filmed in the Caribbean, and shows various examples of colorful fish that make up part of the incredibly diverse ecosystem of a coral reef. Some fish seen here are schools of grunts (yellow and striped yellow fish), gray snappers, and fairy basslets (the small, colorful bright purple, blue, and yellow fish). You can also see sea fans (gorgonians) waving in the current.

Credit: National Geographic

Flapping Geese Video

The geese in this footage were filmed in Chesapeake Bay, Maryland. Geese are water birds, with higher amounts of oil on their feathers than other birds. They are strong fliers and migrate many hundreds of miles when the seasons change.

Credit: National Geographic

Hydrothermal Vent Video

This clip was filmed at one of the hydrothermal vents found on the bottom of the sea, approximately 2500 meters below the ocean surface. At these regions, near spreading centers of the earth's crust, molten magma is close enough to the surface of the earth at the seafloor to superheat the seawater. This superheated seawater reacts with the sulfate ion it contains to form massive quantities of hydrogen sulfide. Some of the hydrogen sulfide reacts with metal ions within the earth's crust to form metal sulfides at very high concentrations. At the vent opening, this superheated seawater, super-enriched in metal sulfides, mixes with the cold surrounding water, causing the precipitation of iron sulfide particles. The "smoke" seen in this clip is superheated water filled with iron sulfide particles.

Credit: National Geographic

Shark Eating a Seal Video

In this video clip, a great white shark attacks a seal decoy from below. Seals are the natural prey of great white sharks.

Credit: National Geographic

Tubeworms Video

These large tube-dwelling worms were filmed at the Galápagos Rift in the Pacific Ocean. Some may reach more than one meter in length. Worms like these were first seen in the late 1970s, when scientists discovered an unusual assemblage of animals living on the sea bottom in the vicinity of hydrothermal vents. About a dozen prokaryotic species found here are chemoautotrophs, which are capable of carrying out synthesis of organic compounds using energy derived from chemical oxidation of hydrogen sulfide, rather than light. The massive amount of hydrogen sulfide formed at these regions allows these chemoautotrophic bacteria to serve as the basis for an incredibly diverse community of unusual animals, including the worms shown here. Many of these animals and bacteria have formed symbiotic relationships: the animals harbor the bacteria inside themselves, and the bacteria provide organic compounds as nourishment for their hosts. The vestimentiferan worms shown here were so unusual in structure that they were determined not to belong to any known phylum, and were assigned their own novel phylum.

Credit: National Geographic

Swans Taking Flight Video

These tundra swans were filmed in an Alaskan wetland. They appear very graceful while gliding through the water, but are more ungainly as they take flight. Because they have relatively larger bodies than other birds, it takes several beats of their large wings for these birds to become airborne. The sound of the wings beating resembles that of someone shaking out a tablecloth quite vigorously.

Credit: National Geographic

Chapter 53 Population Ecology

Flapping Geese (clumped) Video

The geese in this footage were filmed in Chesapeake Bay, Maryland. Geese are water birds, with higher amounts of oil on their feathers than other birds. They are strong fliers and migrate many hundreds of miles when the seasons change.

Credit: National Geographic

Albatross Courtship (uniform) Video

These waved albatrosses, Diomedea (Leptorhynchus) irrorata, are shown during their courtship ritual. Notice the behaviors: sky-pointing (head held back), beak clacking, and heads bobbing left and right. The complex and ritualistic courtship dance can take a long time to complete. The waved albatross is one of the largest birds in the Galápagos. Most of the entire world population of the waved albatross nests on Española Island and is considered endemic to this Galápagos island. Albatrosses pair for life (up to 40 or 50 years in some cases.) These birds land on Española Island in late March and leave before January to wander over an extensive range along the South American coast from Ecuador to Peru.

Credit: Richard Benz, Wyckliffe School

Prokaryotic Flagella (Salmonella) (random) Video
This is a dark-field video of bacterial cells of the species Salmonella typhimurium filmed with a full-intensity beam. Due to light scattering, the cells appear to be larger than their actual size, and you can see the flagellum on each cell clearly. Many bacteria swim by rotating their flagella in a helical manner. In media of normal viscosity, the flagella are moving too fast for their helical waveform to be seen. In the second half of the clip, the cells are placed in a highly viscous medium. The flagellar rotation is now slow enough for you to see the waveform easily. The cells can change the direction they are moving by changing the direction in which their flagella are rotating. Flagellar motion occurs by means of a set of proteins that act together as a motor, fueled by a proton gradient across the cell membrane.

Credit: Robert Macnab, Professor of Molecular Biophysics and Biochemistry at Yale University

Chapter 54 Community Ecology
Sea Horses Video

The pygmy sea horses in this clip were filmed in Lembeh Strait in Indonesia. They are seen in their habitat among a distinctive type of coral. The sea horses look very much like the coral, which serves both to camouflage the sea horses and to lure their prey into the seeming safety of the branching coral. Darwinian theory says that better-camouflaged sea horses have better reproductive success, and thus pass on more of the genes underlying the camouflage pattern. This would account for the evolution of the striking likeness between this pygmy sea horse and its habitat.

Credit: National Geographic

Clownfish and Anemone Video

This brightly colored clownfish hovering among the tentacles of an anemone was filmed in Lembeh Strait in Indonesia. A type of symbiotic relationship has evolved between these two animals. The clownfish acts as bait and attracts predatory fish, but when they approach, the stinging tentacles of the anemone paralyze the predator and eat it. Thus the anemone protects the clownfish from predation, and the clownfish attracts food for the anemone. This relationship is called mutualism, because the relationship is beneficial to both partners. An interesting side note is that the clownfish is not naturally immune to the toxin contained in the nematocysts of the anemone. Rather, the clownfish nibbles on the mucus secreted by the tentacles, and this inhibits the anemone from discharging the nematocysts.

Credit: National Geographic

Shark Eating a Seal Video

In this video clip, a great white shark attacks a seal decoy from below. Seals are the natural prey of great white sharks.

Credit: National Geographic

Chapter 55 Ecosystems

Cyanobacteria (Oscillatoria) Video
Here you see three filamentous bacteria from the domain Bacteria, specifically the group known as Cyanobacteria (previously called the blue-green algae). This species is named Oscillatoria, and you can see a short filament moving along and around a much longer one in an oscillating, gliding motion that has been called "barber-poling." These bacteria do not have flagella, and the molecular basis for their motility remains somewhat of a mystery.

Credit: Michael Clayton, University of Wisconsin, Madison

Chapter 56 Conservation Biology and Restoration Ecology
Coral Reef Video

This footage was filmed in the Caribbean, and shows various examples of colorful fish that make up part of the incredibly diverse ecosystem of a coral reef. Some fish seen here are schools of grunts (yellow and striped yellow fish), gray snappers, and fairy basslets (the small, colorful bright purple, blue, and yellow fish). You can also see sea fans (gorgonians) waving in the current.

Credit: National Geographic
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