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CHAPTER 4

FUNDAMENTALS OF BIOLOGY

Chapter Outline

The Ingredients of Life
The Building Blocks

Carbohydrates

Proteins

Lipids

Nucleic Acids

The Fuel of Life

Photosynthesis: Making the Fuel

Respiration: Burning the Fuel

Primary Production

The Importance of Nutrients

Living Machinery

Cells and Organelles

Structurally Simple Cells: Prokaryotes

Structurally Complex Cells: Eukaryotes

Levels of Organization

Challenges of Life in the Sea

Salinity

Diffusion and Osmosis

Regulation of Salt and Water Balance

Temperature

Surface-to-Volume Ratio

Perpetuating Life

Modes of Reproduction

Asexual Reproduction

Sexual Reproduction

Reproductive Strategies

The Diversity of Life in the Sea

Natural Selection and Adaptation

Classifying Living Things

The Biological Species Concept

Biological Nomenclature

Phylogenetics: Reconstructing Evolution

The Tree of Life

Box Readings: From Snack to Servant: How Complex Cells Arose


Eye on Science: When Fishes Stepped on Land
Chapter Summary

Chapter 4 provides an overview of the most important basic biological principles important to all organisms.  The concepts discussed in this chapter are  organized so that you can skip some or even all of these sections if students are proficient in these areas already. Some of the most significant concepts are reviewed throughout the remaining chapters by means of marginal review notes so that this chapter does not have to be covered in class, especially when an introductory biology course is a prerequisite for your course.

The five fundamental units are: (1) The Ingredients of Life (basic organic molecules, photosynthesis, respiration, and primary production), (2) Living Machinery (cells and levels of organization), (3) Challenges of Life in the Sea (the principles that explain adaptations to salinity, temperature, and other demands),  (4) Perpetuating Life (reproduction), and (5) The Diversity of Life in the Sea (evolution, phylogeny, and taxonomy). 

A new Eye on Science box deals with exciting new discoveries on the evolution of land vertebrates from fishes. Links to additional references are provided in the Marine Biology Online Learning Center.

Student Learning Outcomes

1. Review some of the basic principles of biology:

biochemical components

       photosynthesis, respiration, primary production

       cell structure and function

       asexual and sexual reproduction

       evolution and biodiversity

       taxonomy

2. Demonstrate an understanding of the most important adaptations of organisms to the marine environment.
Audiovisual Material

Videos/CDs:

1. Cells: The Structure of Life (35 min.; http://www.insight-media.com).

2. Photosynthesis: Transforming Light to Life (27 min.; http://www.insight-media.com).

3. Cellular Respiration: Energy for Life (30 min.; http://www.insight-media.com).

4. The Domains of Life (27 min.; http://www.insight-media.com).

5. Adaptation: Tools for Survival — Sea Animals (52 min.; http://www.insight-media.com).
6. Darwin’s Path to the Theory of Evolution (90 min.; http://www.insight-media.com).
7. Elements of Biology: Biological Evolution (56 min.; http://www.insight-media.com).
8. Evolution and Phylogenetics (30 min.; http://www.insight-media.com).
CD-ROMs:

1. Osmosis Lab (http://www.emescience.com/bio-software-osmosislab.html). System where students can control variables such as ionic concentration and temperature. 

Answers to Critical Thinking Questions
1. During the day, primary producers like seaweeds carry out both photosynthesis and respiration, but at night, when there is no light, they perform only respiration. Small, isolated tide pools on rocky shores are often inhabited by thick growths of seaweeds. Would you expect the amount of oxygen to differ between night and day? How? 

Oxygen dissolved in the water sharply decreases at night since the seaweeds carry out respiration but no photosynthesis. Oxygen may thus become limiting at night.

2. The cells of some marine organisms are known to have high concentrations of ions found in minute amounts in seawater. Could these organisms accumulate the ions by diffusion? Formulate a hypothesis to explain how this accumulation is accomplished. How might his hypothesis be tested?

No, these marine organisms cannot accumulate these ions by diffusion. Students may be able to formulate the hypothesis (with a little help since active transport is not discussed) that these organisms accumulate the ions by pumping them in, that is, by using energy.
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