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The bird in the image is the northern gannet (Morus bassanus), an avian predator whose adaptations for hunting include the impressive ability to dive as deep as 20 meters (65 feet) into water at speeds of 50–80 kilometers (30–50 miles) per hour. Like many seabirds, gannets have excellent visual abilities that enable them to survey an expansive and seemingly featureless ocean and detect potential prey before plunging deep into the water to seize their target. Taking inspiration from the northern gannet’s prowess in its habitat, we aim in writing this text to provide readers with the skills to survey the vast sea of biological knowledge and to grasp fundamental concepts necessary for establishing a strong foundation in the discipline. We hope this will enable their success when diving more deeply into areas of interest in upper division courses.






The current explosion of biological information, while exhilarating in its scope, poses a significant challenge—how best to teach a subject that is constantly expanding. In particular, instructors have become increasingly concerned that their students are overwhelmed by an excessive volume of detail and are losing sight of the big ideas in biology. In response to this challenge, various groups of biologists have initiated efforts to refine and, in some cases, redesign the introductory biology course. In particular, the report Vision and Change in Undergraduate Biology Education: A Call to Action* advocates focusing course material and instruction on key ideas while transforming the classroom through active learning and scientific inquiry. Many instructors have embraced such approaches and have changed how they teach. Cutting back on the amount of detail they present, they focus on core biological concepts, explore select examples, and engage in a rich variety of active learning exercises.



*Copyright 2011 American Association for the Advancement of Science. See also Vision and Change in Undergraduate Biology Education: Chronicling Change, Inspiring the Future (copyright 2015 American Association for the Advancement of Science) and Vision and Change in Undergraduate Biology Education: Unpacking a Movement and Sharing Lessons Learned (copyright 2018 American Association for the Advancement of Science). 

For more information, see www.visionandchange.org.






We were inspired by these ongoing changes in biology education to write Campbell Biology in Focus, a shorter textbook that has been received with widespread excitement by instructors. Guided by their feedback, we have honed the Fourth Edition so that it does an even better job of helping students explore the key questions, approaches, and ideas of modern biology.







        

      

    


      
        
          
New to the Fourth Edition




The Fourth Edition of Campbell Biology in Focus includes relevant, current content updates and engaging resources designed to help students succeed. Our goals for the Fourth Edition include





	
                  supporting students with new visual presentations of content and new study tools

              

	
                  supporting instructors by providing tools and materials for introducing, teaching, and assessing important and often challenging topics

              

	
                  integrating text and media to engage, guide, and inform students in an active process of inquiry and learning

              






Our starting point, as always, was our commitment to crafting text and visuals that are accurate, are current, and reflect our passion for teaching biology. Here we provide an overview of the new elements included in the Fourth Edition:




NEW! Chapter Openers Re-envisioned. Catalyzed by feedback from students and instructors, informed by data analytics, and building on the results of science education research, we have redesigned the opening of every chapter of the text. The result is more visual, more interactive, and more engaging. In place of an opening narrative, the first page of each chapter is organized around new elements that provide students with specific tools and approaches needed to achieve the learning objectives of that chapter:




	
                  NEW! Visual Overviews. Centered on a basic biological question related to the opening photo and legend, the Visual Overview illustrates a core idea of the chapter with straightforward art and text. Students get an immediate sense of what the chapter is about and what kinds of thinking will underlie its exploration.
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                  NEW! Study Tips. Just as the Visual Overview introduces students to what they will learn, the Study Tip offers guidance in how to carry out that learning. It encourages students to learn actively through such proven strategies as making a flow chart, labeling a drawing, devising an analogy, or generating a table. Additional Study Tips also appear at selected locations within chapters.
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NEW! CheckPoint Interactive Questions. Embedded at point-of-use in the eTextbook, these short sequences of interactive questions diagnose and remediate misconceptions around topics that are common “stumbling blocks” to understanding. Customized feedback guides students through an evidence-based approach to reason their way to learning and retaining the content. The CheckPoints are also assignable in Mastering Biology.
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NEW! Updated Content. As in each new edition of Campbell Biology in Focus, the Fourth Edition incorporates new content, summarized in the “Highlights of New Content” section that follows this Preface. Content updates include:





	
                  SARS-CoV-2 and the COVID-19 pandemic and a new figure on mRNA vaccines, as well as expanded discussions of vaccine campaigns, vaccine hesitancy, and emerging and zoonotic pathogens (see Chapters 17, 35, and 41)

              

	
                  microplastics pollution, urban ecology, and climate modeling, as well as updated data on global atmospheric and oceanic changes (see Chapters 2 and 43)

              

	
                  updates in gene editing, stem cell research, genomics, and cancer genetics (see Chapters 13, 16, and 18)

              

	
                  updated phylogenetic tree of fungi (see Chapter 26)

              

	
                  recent hominin fossil discoveries and genomic findings (see Chapter 27)

              

	
                  new details about behavioral responses in plants (see Chapter 39)

              






NEW! Active Reading Guides. These worksheets provide students with self-assessment activities to complete as they read each chapter. Students can download the Active Reading Guides from the Mastering Biology Study Area.




Interactive Visual Activities. These activities guide students in navigating through complex figures as they interact with the art, view embedded video clips, and gauge their understanding with self-check questions. These are embedded in the Pearson eTextbook for seamless access, and instructors can assign them with assessment questions through Mastering Biology. The Interactive Visual Activities include the following:





	
                  Figure 4.30 Visualizing the Scale of the Molecular Machinery of the Cell

              

	
                  Figure 10.8 Exploring Meiosis in an Animal Cell

              

	
                  Figure 21.15 Make Connections: The Sickle-Cell Allele

              

	
                  Figure 42.20 Make Connections: The Working Ecosystem

              









        

      

    


      
        
          
Our Guiding Principles




Our key objective in creating Campbell Biology in Focus was to produce a shorter text by streamlining selected material, while emphasizing conceptual understanding and maintaining clarity, proper pacing, and rigor.




Here are the five guiding principles of our approach:




1. Focus on Core Concepts




We developed this text to help students master the fundamental content and scientific skills they need as college biology majors. In deciding what to include in this text, we were guided by discussions with biology professors across the country, analysis of over 1,000 syllabi, study of the debates in the literature of scientific pedagogy, and our experience as instructors at a range of institutions. The result is a briefer book for biology majors that informs, engages, and inspires. More information on the book’s organization is provided in the “Organization and New Content” section following this Preface.




2. Establish Evolution as the Foundation of Biology




Evolution is the central theme of biology and the core theme of this text, as exemplified by the various ways that evolution is integrated into the text:





	
                  Every chapter includes an Evolution section and a question called Focus on a Theme: Evolution.

              

	
                  Evolution is the unifying idea of Chapter 1.

              

	
                  Evolution provides the storyline for Unit 4, The Evolutionary History of Life.

              






3. Engage Students in Scientific Thinking




Helping students learn to “think like a scientist” is a nearly universal goal of introductory biology courses. Scientific thinking and data interpretation skills top lists of learning outcomes and foundational skills desired for students entering higher-level courses. Students need to understand how to formulate and test hypotheses, design experiments, and interpret data. Campbell Biology in Focus meets this need in several ways:





	
                  Links to annotated research papers in the AAAS Science in the Classroom website

              

	
                  Scientific Skills Exercises

              

	
                  Problem-Solving Exercises

              

	
                  Interpret the Data Questions

              

	
                  Scientific Inquiry Questions

              

	
                  Inquiry Figures

              

	
                  Research Method Figures

              






In addition, links to Interviews from Campbell Biology are included at relevant points throughout the text. The interviews feature diverse scientists discussing how they became interested in biology, their path to becoming a scientist, what excites them in their field of research, and their advice to students.




4. Use Outstanding Pedagogy to Help Students Learn




Campbell Biology in Focus, Fourth Edition, builds on our hallmarks of clear and engaging text and superior pedagogy:






	
                  NEW! CheckPoint interactive questions diagnose and remediate misconceptions around topics that are common “stumbling blocks” to understanding.

              

	
                  NEW! Study Tips suggest strategies to help students organize information and connect ideas.

              

	
                  Get Ready for This Chapter online questions help prepare students for the chapter ahead.

              

	
                  Each chapter is organized around a framework of carefully selected Key Concepts so students don’t lose sight of the “forest” for the “trees.”

              

	
                  Questions throughout the text catalyze learning by encouraging students to actively engage with the material.

              

	
                  Test Your Understanding Questions at the end of each chapter help students assess their understanding of the chapter. They are organized by Bloom’s Taxonomy:

              





		Levels 1-2: Remembering/Understanding




	
	
                  Levels 3-4: Applying/Analyzing

              

	
                  Levels 5-6: Evaluating/Creating

              










5. Create Art and Animations That Teach




Biology is a visual science, and students learn from the art as much as the text. Therefore, we have developed our art and animations to teach with clarity and focus. Our visual teaching tools include:





	
                  NEW! Visual Overviews

              

	
                  Interactive Visual Activities

              

	
                  Visualizing Figures

              

	
                  Visual Skills Questions

              

	
                  Figure Walkthroughs

              

	
                  Make Connections Figures

              

	
                  BioFlix® 3-D Animations

              

	
                  Exploring Figures

              

	
                  Guided Tour Figures

              









        

      

    


      
        
          
Mastering Biology




Mastering Biology is the most widely used online assessment and tutorial program for biology, providing an extensive library of homework assignments that are graded automatically. Self-paced tutorials provide individualized coaching with specific hints and feedback on the most difficult topics in the course. Optional Adaptive Follow-up Assignments provide additional questions tailored to each student’s needs.




Early Alerts give instructors a quick way to monitor students’ progress and provide feedback.




Mastering Biology also includes the Instructor Resources, Active Learning Modules, eTextbook, Study Area, and Dynamic Study Modules.




* * *





Our overall goal in developing and revising this text was to assist instructors and students in their exploration of biology. We recognize that Campbell Biology in Focus, like its subject, will continue to evolve. As its authors, we are eager to hear your thoughts, questions, comments, and suggestions for improvement. We encourage you to contact us directly by e-mail:





	
                  Lisa Urry (Units 1 and 2): l.urry@northeastern.edu

              

	
                  Michael Cain (Units 3, 4, and 7): mlcain@nmsu.edu

              

	
                  Josh Auld (Unit 3): jauld@wcupa.edu

              

	
                  Peter Minorsky (Chapter 1, Unit 5): pminorsky@mercy.edu

              

	
                  Kerry Hull (Unit 6): khull@ubishops.ca

              

	
                  Chantale Bégin (Unit 7): cbegin@usf.edu

              

	
                  Rebecca Orr (Active Learning Modules, eTextbook Media Integration): rorr@collin.edu

              









        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          Organization and New Content







Organization




Campbell Biology in Focus, Fourth Edition, is organized into an introductory chapter and seven units that cover core concepts of biology at a thoughtful pace. When we adapted Campbell Biology to write the first edition of this text, we made informed choices about how to design each chapter of Campbell Biology in Focus to meet the needs of instructors and students. We analyzed over 1,000 syllabi, read hundreds of reviews, and talked to biology instructors across the country. In some chapters, we retained most of the content; in other chapters, we pruned some material; and in still others, we completely reconfigured the coverage. In creating the Fourth Edition, we solicited feedback from reviewers and used their thoughtful critiques to further fine-tune the content and pedagogy.




Chapter 1 Introduction: Evolution and the Foundations of Biology




Chapter 1 introduces the five biological themes woven throughout the text: the core theme of Evolution, together with Organization, Information, Energy and Matter, and Interactions. Chapter 1 also explores the process of scientific inquiry through a case study describing experiments on the evolution of coat color in the beach mouse. The chapter concludes with a discussion of the importance of diversity within the scientific community.




Unit 1 Chemistry and Cells




A succinct, two-chapter treatment of basic chemistry (Chapters 2 and 3) provides the foundation for this unit focused on cell structure and function. The related topics of cell membranes and cell signaling are consolidated into one chapter (Chapter 5). Due to the importance of the fundamental concepts in Units 1 and 2, much of the material in the rest of these two units has been retained from Campbell Biology.




Unit 2 Genetics




Topics in this unit include meiosis, classical genetics, the chromosomal and molecular basis for genetics and gene expression (Chapters 10–14), regulation of gene expression (Chapter 15), and the role of gene regulation in development, stem cells, and cancer (Chapter 16). Methods in biotechnology are integrated into appropriate chapters. The stand-alone chapter on viruses (Chapter 17) can be taught at any point in the course. The final chapter in the unit, on genome evolution (Chapter 18), provides both a capstone for the study of genetics and a bridge to the evolution unit.




Unit 3 Evolution




This unit provides in-depth coverage of essential evolutionary topics, such as mechanisms of natural selection, population genetics, speciation, and long-term patterns of evolutionary change. Early in the unit, Chapter 20 introduces “tree thinking” to support students in interpreting phylogenetic trees and thinking about the big picture of evolution.




Unit 4 The Evolutionary History of Life




This unit employs a novel approach to studying the evolutionary history of biodiversity. Each chapter focuses on one or more major steps in the history of life, such as the origin of cells or the colonization of land. The coverage of natural history and biological diversity also emphasizes the evolutionary process—how factors such as the origin of key adaptations have influenced the rise and fall of different groups of organisms over time.




Unit 5 Plant Form and Function




The form and function of vascular plants are often treated as separate topics, making it difficult for students to make connections between the two. In Unit 5, plant anatomy (Chapter 28) and the acquisition and transport of resources (Chapter 29) are bridged by a discussion of how plant architecture influences resource acquisition. Chapter 30 provides an introduction to plant reproduction and examines controversies surrounding the genetic engineering of crop plants. The final chapter (Chapter 31) explores how plants sense and respond to environmental challenges and opportunities by effecting changes in their growth and reproduction.




Unit 6 Animal Form and Function




This unit’s focused exploration of animal physiology and anatomy uses a comparative approach to bring out fundamental principles and conserved mechanisms. An integrative introductory chapter (Chapter 32) introduces students to the closely related topics of endocrine signaling and homeostasis. Other interconnections are explored in chapters that meld presentations of circulation and gas exchange, reproduction and development, neurons and nervous systems, and motor mechanisms and behavior.




Unit 7 Ecology




This unit applies the key themes of the text, including evolution, interactions, and energy and matter, to help students learn ecological principles. Chapter 40 integrates material on population growth and Earth’s environment, highlighting the importance of both biological and physical processes in determining where species are found. Chapter 43 ends the book with a focus on conservation biology and global change.







        

      

    


      
        
          
Highlights of New Content




Here, we highlight the major content updates and revisions made to the Fourth Edition of Campbell Biology in Focus. In addition to the content updates noted here, every chapter has a new Visual Overview and new Study Tip on the chapter opening page.




Chapter 1 Introduction: Evolution and the Foundations of Biology




Chapter 1 includes a new Visual Overview using the example of the beach mouse from the opening photo to introduce the unifying themes of biology. Other new figures include Figure 1.12, depicting researchers studying hominin fossils in South Africa, providing a new example of how life on Earth has changed over time and Figure 1.17, a new image depicting Jane Goodall observing chimpanzees in the field.




Unit 1 Chemistry and Cells




To help highlight the importance of chemistry in the biosphere, the new opening photo for Chapter 2 features a ringed seal, a species endangered by the melting of Arctic sea ice due to climate change. Chapter 2 also now discusses the first CO2 enhancement study done on an unconfined natural coral reef. In Chapter 5, the discussion of synaptic signaling has been made more relevant by explaining that this is the process affected by drugs to treat depression, anxiety, and PTSD. A new figure (Figure 5.19) depicts the process of exocytosis.





          
          
                Figure 5.19
                Exocytosis.
              

            
          
              
                        [image: Figure 5.19 illustrating exocytosis.] 
              

          

          

          
            
          

        



Chapter 6 includes a new photo of bioluminescent click beetle larvae on a termite mound in Brazil as an engaging example of a metabolic process. To illustrate order as a characteristic of life, Figure 6.4 features a new photo of a beautiful diatom. Chapter 7, which begins with a new opener photo of a hoary marmot feeding on flowers, includes a new paragraph describing recent research on the role of lactate in mammalian metabolism. Chapter 8 includes a new Key Concept 8.1, “Photosynthesis feeds the biosphere” that frames photosynthesis in a big-picture ecological context. Chapter 8 also includes the exciting discovery of a new type of chlorophyll, found in a species of cyanobacterium, that allows the organisms to use far-red light for photosynthesis. In Concept 9.2, Figure 9.6 now includes cell images with labels and callouts describing events of each phase.




Unit 2 Genetics




Chapters 10–14 incorporate changes that help students connect the concepts of genetics to their everyday lives. For example, Chapter 11 includes information on recent genomic studies on the number of genes and genetic variants contributing to height and to hair color, and now defines and discusses the concept of phenotypic plasticity. The discussion on sickle cell disease has been revised to include new treatments, and to clarify that the disease allele occurs in all tropical regions worldwide. In Chapter 12, current research on gene therapy as a possible treatment for Duchenne muscular dystrophy has been added. In Concept 13.3, the text and Figure 13.22 have been updated to reflect current research on the structure and organization of interphase chromatin. Concept 13.4 includes updates on human clinical trials of CRISPR-based treatments for sickle-cell disease and thalassemia, as well as a new use of the CRISPR system in conjunction with a technique called base editing. Concept 14.5 discusses the missense mutation responsible for the albino phenotype of the Asinara donkeys featured in Figure 14.1. Chapters 15–18 are extensively updated, driven by exciting new discoveries based on DNA sequencing and gene-editing technology. Chapter 15 includes enhanced and updated coverage of epigenetic inheritance and new examples in mice and humans, including a new figure (Figure 15.8).





          
          
                Figure 15.8
                An example of epigenetic inheritance: Effects of maternal diet on genetically identical mice.
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Additionally, Concept 15.4 includes a new figure on RNA sequencing (“RNA-seq”), Figure 15.18, as this technique has become more widely used than DNA microarrays. Chapter 16 includes updates on cloning—including the first cloning of a primate and the formation of chimeric macaque/human embryos—and stem cell research. Also, coverage has been added of the ATM gene (encoding a protein kinase that can activate p53), and the hereditary nonpolyposis colon cancer (HNPCC) gene. Chapter 17 updates include discussion of SARS-CoV-2, the addition of coronaviruses to Figure 17.2, and updates on various vaccine programs. The discussion of the emergence and spread of HIV has been updated to discuss its origin in sub-Saharan Africa and subsequent transmission to other regions, including the social context for its worldwide spread. Chapter 18 now introduces and defines the terms reference genome and pangenome. In addition to updates of sequence-related data (such as speed of sequencing, number of species’ genomes sequenced), other updates include research results from several recent, large genomic sequencing studies that strongly support earlier studies showing that diversity within African genomes is much higher than on any other continent, an updated estimate of the timing of species divergence between humans and chimpanzees, and recent findings on the evolution of the FOXP2 gene.




Unit 3 Evolution




In Chapter 20, Concepts 20.2 and 20.3 have been reorganized to emphasize the distinction between inferring (that is, determining) a phylogeny from reading/interpreting a phylogeny—namely, clarifying that we do not both infer a tree’s topology and interpret patterns of trait evolution based on the same data. Phylogenies are inferred from one type of data (for example, molecular genetic sequences) and then used to understand the evolution of other traits (for example, vertebral column, amnion, and hair), as discussed in the section now titled “Mapping Characters on a Phylogeny.” In Chapter 21, the presentation of the Hardy-Weinberg model and Hardy-Weinberg equilibrium was revised to illustrate that, in a simplified situation, an allele does not increase or decrease in frequency on its own. A new figure (Figure 21.7) helps students visualize how the equation projects the next generation. By starting with the fundamental concept of an allele frequency, we aim to assist students in bridging the gap between individual- and population-level thinking. The assumptions of the Hardy-Weinberg model are then discussed as mechanisms of change that may operate alone or together in a natural population. The Scientific Skills Exercise and Concept Check 21.2 Question 3 were revised to compare frequencies across generations. Also in Chapter 21, new text and a new figure (Figure 21.19) describe how some snowshoe hare populations lack alleles that could delay when they change their brown fur to white by molting; with the later onset of winter snows due to climate change, the hares are poorly camouflaged and exhibiting increased mortality.





          
          
                Figure 21.19
                Lack of variation in a population can limit adaptation.
              

            
          
              
                        [image: Figure 21. 19 illustrating Lack of variation in a population can limit adaptation.] 
              

          

          

          
            
          

        



Unit 4 The Evolutionary History of Life




Chapter 24 includes a new text section entitled “Antibiotic Resistance” that describes the rise of antibiotic resistance (Figure 24.26), explains why many pathogens have developed resistance to multiple antibiotics, and discusses novel approaches that researchers are using to identify new antibiotics such as malacidin (Figure 24.27). Other revisions to Chapter 24 include a dramatic new chapter-opening photograph of a pink lake in Spain whose color is due to prokaryotes that thrive in its high-salinity conditions, and a revised survey of bacterial groups (Figure 24.20) that includes a pie chart showing the small fraction of known bacterial species compared to estimates of total bacterial diversity. Chapter 26 has been significantly revised to account for new fossil discoveries and updates to the phylogenetic tree of fungi (Figure 26.16). Chapter 26 also includes a new figure (Figure 26.30) comparing the anatomical features of monocots and dicots (formerly in Chapter 28). Updates to Chapter 27 include recent findings on hominin evolution in Concept 27.6, including updated discussions of Neanderthals and Denisovans.





          
          
                Figure 24.26
                The rise of antibiotic resistance.
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Unit 5 Plant Form and Function




In Chapter 28, the term “prop root” has been replaced with the more precise term “brace root,” and vascular rays are now more accurately portrayed. In Chapter 29, a new Study Tip has been added concerning the use of mnemonics to help remember key plant nutrients, and a table concerning the functions and deficiency symptoms of plant essential elements has been expanded to include micronutrients in addition to macronutrients. Details concerning the technical hurdles faced by the researchers who established that chloride is an essential element are discussed. In Chapter 30, new information concerning the discovery of a membrane surrounding the two sperm within the pollen tube is now included. Updates concerning the cultivational status of “Golden Rice” have been added, and more current estimates of world hunger are provided. Chapter 31 includes a new Key Concept 31.1, “Plants are highly sensitive to environmental stimuli that initiate specific behaviors” that emphasizes the exquisite sensitivity of plants to various environmental stimuli. A discussion of foraging behavior by parasitic dodder vines is used as an example of a plant behavior. Chapter 31 also includes new information concerning the role of abscisic acid in controlling bud dormancy.
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Unit 6 Animal Form and Function




The major focus of this revision in Unit 6 was to help students use basic scientific principles to understand the many aspects of animal form and function. In particular, we refined our explanation of homeostasis as an underlying theme. A new figure (Figure 32.6) provides an overview of negative and positive feedback in relation to stimuli and responses, and another new figure (Figure 32.11b) completes the picture by incorporating the concepts of set points, signals, sensors, control centers, and effectors.





          
          
                Figure 32.11b
                Components of a generalized negative feedback loop.
              

            
          
              
                        [image: Figure 32.11b showing components of a generalized negative feedback loop.] 
              

          

          

          
            
          

        



Narrative explanations and figures presenting homeostatic systems throughout the unit have been edited so that students can more readily apply the basic principle to develop mechanistic explanations for physiological situations. These changes are particularly evident in Chapter 32 (in the explanations of thermoregulation, blood osmolarity, and blood glucose concentration) and Chapter 34 (blood pressure and blood gas concentrations). Numerous learning tools have been designed to address common misconceptions and help students apply the concept of homeostasis. For instance, Chapter 32 features a CheckPoint interactive activity to diagnose and remediate common student misunderstandings about regulators and conformers, and students are given multiple opportunities to work with feedback loops (for example, the Visual Skills Question in Figure 32.15, Draw It Question in Figure 32.11, and Test Your Understanding Question 8 in the Chapter 34 Review). The scientific principle of flow down gradients also receives greater emphasis in the fourth edition. Gradients are introduced in the context of heat flow, and subsequently provide the basis for explaining water and solute flow (Chapter 32).




The Fourth Edition incorporates even more exercises to promote students’ scientific skill development. For instance, Chapter 33 features a new Visual Skills exercise to support students interpreting pie charts, and the Visual Overview in Chapter 39 provides a clear and applicable overview of the scientific process relating to an engaging topic (animal behavior).




The Unit 6 revision also introduces new material and updates. For instance, Chapter 35 provides information about the COVID-19 pandemic and a new figure (Figure 35.18) showing how mRNA vaccines interact with the immune system, as well as updated and expanded discussions of relevant topics including sepsis, interferons, and cytokines. Other updated topics include the microbiome (Chapter 33), categories of malnourishment (Chapter 33), atrial septal defects (Chapter 34), menopause (Chapter 36), and HIV transmission and treatment (Chapter 36). We have also augmented our coverage of non-human physiology, including adding information about the circulatory system of sea spiders (Chapter 34) and a new figure on ventilation in birds (Figure 34.21).




Unit 7 Ecology




The two major goals of the Unit 7 revision were to clarify accurately represent all types of environments (terrestrial, freshwater, and marine); and provide new examples while incorporating elements of conservation biology throughout the unit. Revisions in Chapter 40 include a new section of text and a new figure (Figure 40.7) on how plants (and deforestation) can affect the local or regional climate, and new annotations to clarify the difference between the realized per capita population growth rate (rrealized) and maximum per capita population growth rate (rmax⁡).








          
          
                Figure 40.7
                How cutting down a forest affects regional climate.
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Chapter 41 features a newly revised figure (Figure 41.18) illustrating how the abundance of organisms at different trophic levels can be affected by bottom-up or top-down control, and updates on emerging diseases and the COVID-19 pandemic. Added language and modifications to some figures in Chapter 42 provide clearer descriptions of nutrient cycling in aquatic ecosystems, and the new study tip in this chapter helps students visualize the pathway of a carbon atom through a terrestrial ecosystem. Chapter 43 opens with a photo of the splendid Union Island gecko, with a figure legend that highlights the role that local communities can play in conservation success. This chapter includes new text and figures (Figures 43.25 and 43.26) in Concept 43.4 on the growing problem of plastic and microplastic waste in aquatic and terrestrial ecosystems and a new figure (Figure 43.29) that highlights the ways in which various abiotic factors can limit range shifts, and a new text section, “Modeling Climate Change,” and figure (Figure 43.31) describing data on which global climate models are based and evidence showing that global climate models yield accurate predictions. Throughout the unit, we added new examples and photographs of diverse species, such as the invasion of the Burmese python in Florida, species on the verge of extinction, and an example of Batesian mimicry in a syrphid fly that mimics a stinging bee (Figure 41.6c).



          
          
                Figure 43.29
                Examples of variation in abiotic factors.
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                          In response to a warming climate, species may adjust their ranges toward greater latitudes, greater depths or greater altitude to stay in zones of suitable temperatures. however, other abiotic factors may not be suitable in the potential new range.
      
    
          

        






        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          

Instructor Resources


The Instructor Resources Area of Mastering Biology







	
                  NEW! Active Reading Guide with Answers: Instructors can find a version of the Active Reading Guide with answers in the Instructor Resource Area.

              

	
                  Active Learning Modules help instructors efficiently make use of the available teaching tools for the toughest topics. Before-class assignments, in-class activities, and afterclass assignments are provided for ease of use. Instructors can incorporate active learning into their course with the suggested activity ideas and clicker questions or Learning Catalytics questions.

              

	
                  Accessible PowerPoint Lecture Presentations for each chapter with lecture notes, tables, and links to animations and videos have alt text for every image; students can access alt text with a screen reader if needed.

              




Customizable PowerPoint Lectures provide a jumpstart for instruction.
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                  JPEG images, including labeled and unlabeled art, photos from the text, and extra photos

              



All of the art, graphs, and photos from the text are provided with enlarged labels. More than 1,600 photos from the text and other sources are included.
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                  Clicker Questions in PowerPoint

              



Clicker Questions can be used to stimulate effective classroom discussions (for use with or without clickers).
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                  400 instructor animations and videos, including BioFlix® 3-D Animations, HHMI Videos and Animations, and much more

              

	
                  Test Bank questions in TestGen® software and Microsoft® Word. This invaluable resource contains over 4,500 questions, including scenario-based questions and art, graph, and data interpretation questions. Every image has alt text, which students can access with a screen reader if needed.

              

	
                  Statistics Worksheets for Biology

              

	
                  Instructor Answers to Scientific Skills Exercises, Problem-Solving Exercises, Interpret the Data questions, and essay questions; includes rubric and tips for grading short-answer essays

              

	
                  Instructor Guides for Supplements: Instructor Guide for Practicing Biology: A Student Workbook; Instructor Guide for Biological Inquiry: A Workbook of Investigative Cases; Answer Key for Inquiry in Action: Interpreting Scientific Papers; Investigating Biology Lab Prep Guide; and Investigating Biology Lab Data Tables

              

	
                  Learning Catalytics (TM) Learning Catalytics allows students to use their smartphone, tablet, or laptop to respond to questions in class. For more information, visit learningcatalytics.com.

              








Learning Management Systems


Integration with various learning management systems is available for Mastering Biology. Contact your sales representative for details.








        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          

Student and Lab Supplements


For Students





NEW! Active Reading Guides, Fourth Edition




by Theresa Holtzclaw, The Webb School of Knoxville Available for students to download from the Mastering Biology Study Area, these worksheets provide students with self-assessment activities to complete as they read each chapter.





Inquiry in Action: Interpreting Scientific Papers, Fourth Edition*





by Ruth V. Buskirk, University of Texas at Austin, and Christopher M. Gillen, Kenyon College




978-0-134-47861-6 / 0-134-47861-4




This guide helps students learn how to read and understand primary research articles. Part A presents complete articles accompanied by questions that help students analyze the article. Related Inquiry Figures are included in the supplement. Part B covers every part of a research paper, explaining the aim of the sections and how the paper works as a whole.





Practicing Biology: A Student Workbook, Sixth Edition*﻿




by Jean Heitz and Cynthia Giffen, University of Wisconsin, Madison




978-0-134-48603-1 / 0-134-48603-X




This workbook offers a variety of activities to suit different learning styles. Activities such as modeling and concept mapping allow students to visualize and understand biological processes. Other activities focus on basic skills, such as reading and drawing graphs.





Biological Inquiry: A Workbook of Investigative Cases, Fifth Edition*﻿




by Margaret Waterman, Southeast Missouri State University, and Ethel Stanley, BioQUEST Curriculum Consortium and Beloit College




978-0-134-48646-8 / 0-134-48646-3





This workbook offers ten investigative cases. Each case study requires students to synthesize information from multiple chapters of the text and apply that knowledge to a real-world scenario as they pose hypotheses, gather new information, analyze evidence, graph data, and draw conclusions. A link to a student website is in the Study Area in Mastering Biology.


*An Instructor Guide is available for downloading through the Instructor Resources area of Mastering Biology.





Spanish Glossary for Biology




by Laura P. Zanello, University of California, Riverside 978-0-32183498-0 / 0-321-83498-4




For all the glossary terms, this resource provides definitions in Spanish.




Into The Jungle: Great Adventures in the Search for Evolution




by Sean B. Carroll, University of Wisconsin, Madison




978-0-32155671-4 / 0-321-55671-2




These nine short tales vividly depict key discoveries in evolutionary biology and the excitement of the scientific process.




Get Ready for Biology




by Lori K. Garrett, Parkland College




Available in Mastering Biology Study Area




This engaging workbook helps students brush up on important math and study skills and get up to speed on biological terminology and the basics of chemistry and cell biology.





An Introduction to Chemistry for Biology Students, Ninth Edition




by George I. Sackheim, University of Illinois, Chicago




9780805395716 / 0805395717




This text/workbook helps students review and master all the basic facts, concepts, and terminology of chemistry that they need for their life science course.







        

      

    


      
        
          
For Lab





Investigating Biology Laboratory Manual, Ninth Edition




by Judith Giles Morgan, Emory University, and M. Eloise Brown Carter, Oxford College of Emory University




978-0-13447346-8 / 0-134-47346-9





With its distinctive investigative approach to learning, this best-selling laboratory manual is now more engaging than ever, with full-color art and photos throughout. The lab manual encourages students to participate in the process of science and develop creative and critical-reasoning skills.



          
          
              
                        [image: Cover page of Investigating Biology Laboratory Manual, ninth edition, by Judith Giles Morgan and M. Eloise Brown Carter, published by Pearson. The cover image features a sunflower.] 
              

          

          

          
            
          

        





Annotated Instructor’s Edition for Investigating Biology Laboratory Manual, Ninth Edition




Available in Instructor Resource Area of Biology




This Annotated Instructor’s Edition features teaching information including margin notes with suggestions for lab procedures and answers to questions from the Student Edition. Also included is a detailed Teaching Plan at the end of each lab with specific suggestions for organizing labs, including estimated time allotments for each part of the lab and suggestions for encouraging independent thinking and collaborative discussions.





Preparation Guide for Investigating Biology, Ninth Edition




Available in Instructor Resource Area of Mastering Biology




Contains materials lists, suggested vendors, instructions for preparing solutions and constructing materials, schedules for planning advance preparation, and more. Available for downloading through the Instructor Resources area of Mastering Biology.







        

      

    

              
                
                  
                  
      
        
           An Instructor Guide is available for downloading through the Instructor Resources area of Mastering Biology.






        

      

    


      
        
           An Instructor Guide is available for downloading through the Instructor Resources area of Mastering Biology.
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                  CONCEPT 23.4 Evolution is not goal oriented

              

		Evolutionary Novelties




		
                  Evolutionary Trends

              














        

      

    


      
        
          

Unit 4 The Evolutionary History of Life


24 Early Life and the Diversification of Prokaryotes






		
CONCEPT 24.1 Conditions on early Earth made the origin of life possible





	
	
	
                  Synthesis of Organic Compounds on Early Earth

              

	
                  Abiotic Synthesis of Macromolecules

              

	
                  Protocells

              

	
                  Self-Replicating RNA

              

	
                  Fossil Evidence of Early Life

              




	
                  CONCEPT 24.2 Diverse structural and metabolic adaptations have evolved in prokaryotes

              

		Cell-Surface Structures




	
	
                  Motility

              

	
                  Internal Organization and DNA

              

	
                  Nutritional and Metabolic Adaptations

              

	
                  Reproduction

              

	
                  Adaptations of Prokaryotes: A Summary

              




	
                  CONCEPT 24.3 Rapid reproduction, mutation, and genetic recombination promote genetic diversity in prokaryotes

              

		Rapid Reproduction and Mutation




		
                  Genetic Recombination

              



	
                  CONCEPT 24.4 Prokaryotes have radiated into a diverse set of lineages

              

		An Overview of Prokaryotic Diversity




	
	
                  Bacteria

              

	
                  Archaea

              




	
                  CONCEPT 24.5 Prokaryotes play crucial roles in the biosphere

              

		Chemical Recycling




	
	
                  Ecological Interactions

              

	
                  Impact on Humans

              















        

      

    


      
        
          
25 The Origin and Diversification of Eukaryotes





		
CONCEPT 25.1 Eukaryotes arose by endosymbiosis more than 1.8 billion years ago





	
	
	
                  The Fossil Record of Early Eukaryotes

              

	
                  Endosymbiosis in Eukaryotic Evolution

              




	
                  CONCEPT 25.2 Multicellularity has originated several times in eukaryotes

              

		Multicellular Colonies




	
	
                  Independent Origins of Complex Multicellularity

              

	
                  Steps in the Origin of Multicellular Animals

              




	
                  CONCEPT 25.3 Four “supergroups” of eukaryotes have been proposed based on morphological and molecular data

              

		Four Supergroups of Eukaryotes




	
	
                  Excavates

              

	
                  SAR: Stramenopiles, Alveolates, and Rhizarians

              

	
                  Archaeplastids

              

	
                  Unikonts

              




	
                  CONCEPT 25.4 Single-celled eukaryotes play key roles in ecological communities and affect human health

              

		Structural and Functional Diversity in Protists




	
	
                  Photosynthetic Protists

              

	
                  Symbiotic Protists

              

	
                  Effects on Human Health

              















        

      

    


      
        
          
26 The Colonization of Land





		
CONCEPT 26.1 Fossils show that plants colonized land more than 470 million years ago





	
	
	
                  Evidence of Algal Ancestry

              

	
                  Adaptations Enabling the Move to Land

              

	
                  Derived Traits of Plants

              

	
                  Early Plants

              




	
                  CONCEPT 26.2 Though not closely related to plants, fungi played a key role in the colonization of land

              

		The Origin of Fungi




	
	
                  Fungal Adaptations for Life on Land

              

	
                  Diversification of Fungi

              




	
                  CONCEPT 26.3 Early plants radiated into a diverse set of lineages

              

		Bryophytes: A Collection of Basal Plant Lineages




		
                  Seedless Vascular Plants: The First Plants to Grow Tall

              



	
                  CONCEPT 26.4 Seeds and pollen grains are key adaptations for life on land

              

		Terrestrial Adaptations in Seed Plants




	
	
                  Early Seed Plants and the Rise of Gymnosperms

              

	
                  The Origin and Diversification of Angiosperms

              




	
                  CONCEPT 26.5 Plants and fungi fundamentally changed chemical cycling and biotic interactions

              

		Physical Environment and Chemical Cycling




		
                  Biotic Interactions

              














        

      

    


      
        
          
27 The Rise of Animal Diversity





		
CONCEPT 27.1 Animals originated more than 700 million years ago





	
	
	
                  Fossil and Molecular Evidence

              

	
                  Early-Diverging Animal Groups

              




	
                  CONCEPT 27.2 The diversity of large animals increased dramatically during the “Cambrian explosion”

              

		Evolutionary Change in the Cambrian Explosion




		
                  Dating the Origin of Bilaterians

              



	
                  CONCEPT 27.3 Diverse animal groups radiated in aquatic environments

              

		Animal Body Plans




	
	
                  The Diversification of Animals

              

	
                  Bilaterian Radiation I: Diverse Invertebrates

              




	
                  CONCEPT 27.4 Vertebrates have been the ocean’s dominant predators for more than 400 million years

              

		Bilaterian Radiation II: Aquatic Vertebrates




		
                  Summary: Effects of Bilaterian Radiations I and II

              



	
                  CONCEPT 27.5 Several animal groups had features facilitating their colonization of land

              

		Early Land Animals




	
	
                  Colonization of Land by Arthropods

              

	
                  Terrestrial Vertebrates

              




	
                  CONCEPT 27.6 Amniotes have key adaptations for life in a wide range of terrestrial environments

              

		Terrestrial Adaptations in Amniotes




	
	
                  The Origin and Radiation of Amniotes

              

	
                  Human Evolution

              




	
                  CONCEPT 27.7 Animals have transformed ecosystems and altered the course of evolution

              

		Ecological Effects of Animals




		
                  Evolutionary Effects of Animals

              














        

      

    


      
        
          

Unit 5 Plant Form and Function


28 Vascular Plant Structure and Growth






		
CONCEPT 28.1 Plants have a hierarchical organization consisting of organs, tissues, and cells





	
	
	
                  The Three Basic Plant Organs: Roots, Stems, and Leaves

              

	
                  Dermal, Vascular, and Ground Tissue

              

	
                  Common Types of Plant Cells

              




	
                  CONCEPT 28.2 Different meristems generate new cells for primary and secondary growth

              

		Gene Expression and Control of Cell Differentiation




		
                  Meristematic Control of the Transition to Flowering and the Life Spans of Plants

              



	
                  CONCEPT 28.3 Primary growth lengthens roots and shoots

              

		Primary Growth of Roots




		
                  Primary Growth of Shoots

              



	
                  CONCEPT 28.4 Secondary growth increases the diameter of stems and roots in woody plants

              

		The Vascular Cambium and Secondary Vascular Tissue




		
                  The Cork Cambium and the Production of Periderm

              














        

      

    


      
        
          
29 Resource Acquisition, Nutrition, and Transport in Vascular Plants





		
CONCEPT 29.1 Adaptations for acquiring resources were key steps in the evolution of vascular plants





	
	
	
                  Shoot Architecture and Light Capture

              

	
                  Root Architecture and Acquisition of Water and Minerals

              




	
                  CONCEPT 29.2 Different mechanisms transport substances over short or long distances

              

		The Symplast and Apoplast: Transport Continuums




	
	
                  Short-Distance Transport of Solutes Across Plasma Membranes

              

	
                  Short-Distance Transport of Water Across Plasma Membranes

              

	
                  Long-Distance Transport: The Role of Bulk Flow

              




	
                  CONCEPT 29.3 Plant roots absorb many types of essential elements from the soil

              

		Macronutrients and Micronutrients




	
	
                  Symptoms of Mineral Deficiency

              

	
                  Global Climate Change and Food Quality

              

	
                  Soil Management

              

	
                  The Living, Complex Ecosystem of Soil

              




	
                  CONCEPT 29.4 Plant nutrition often involves relationships with other organisms

              

		Bacteria and Plant Nutrition




	
	
                  Fungi and Plant Nutrition

              

	
                  Epiphytes, Parasitic Plants, and Carnivorous Plants

              




	
                  CONCEPT 29.5 Transpiration drives the transport of water and minerals from roots to shoots via the xylem

              

		Absorption of Water and Minerals by Root Cells




	
	
                  Transport of Water and Minerals into the Xylem

              

	
                  Bulk Flow Transport via the Xylem

              

	
                  Xylem Sap Ascent by Bulk Flow: A Review

              




	
                  CONCEPT 29.6 The rate of transpiration is regulated by stomata

              

		Stomata: Major Pathways for Water Loss




	
	
                  Mechanisms of Stomatal Opening and Closing

              

	
                  Stimuli for Stomatal Opening and Closing

              

	
                  Effects of Transpiration on Wilting and Leaf Temperature

              

	
                  Adaptations That Reduce Evaporative Water Loss

              




	
                  CONCEPT 29.7 Sugars are transported from sources to sinks via the phloem

              

		Movement from Sugar Sources to Sugar Sinks




		
                  Bulk Flow by Positive Pressure: The Mechanism of Translocation in Angiosperms

              














        

      

    


      
        
          
30 Reproduction and Domestication of Flowering Plants





		
CONCEPT 30.1 Flowers, double fertilization, and fruits are unique features of the angiosperm life cycle





	
	
	
                  Flower Structure and Function

              

	
                  Flower Formation

              

	
                  The Angiosperm Life Cycle: An Overview

              

	
                  Pollination: A Closer Look

              

	
                  Seed Development and Structure

              

	
                  Germination, Growth, and Flowering

              

	
                  Fruit Structure and Function

              




	
                  CONCEPT 30.2 Flowering plants reproduce sexually, asexually, or both

              

		Mechanisms of Asexual Reproduction




	
	
                  Advantages and Disadvantages of Asexual Versus Sexual Reproduction

              

	
                  Mechanisms That Prevent Self-Fertilization

              

	
                  Totipotency, Vegetative Reproduction, and Tissue Culture

              




	
                  CONCEPT 30.3 People modify crops through breeding and genetic engineering

              

		Plant Breeding




	
	
                  Plant Biotechnology and Genetic Engineering

              

	
                  The Debate over Plant Biotechnology

              















        

      

    


      
        
          
31 Plant Responses to Internal and External Signals





		
CONCEPT 31.1 Plants are highly sensitive to environmental stimuli that initiate specific behaviors





	
	
                  CONCEPT 31.2 Plant hormones help coordinate growth, development, and responses to stimuli

              

		The Discovery of Plant Hormones




		
                  A Survey of Plant Hormones

              



	
                  CONCEPT 31.3 Responses to light are critical for plant success

              

		Photomorphogenesis




	
	
                  Biological Clocks and Circadian Rhythms

              

	
                  Photoperiodism and Responses to Seasons

              




	
                  CONCEPT 31.4 Plants respond to a wide variety of stimuli other than light

              

		Gravity




	
	
                  Mechanical Stimuli

              

	
                  Environmental Stresses

              




	
                  CONCEPT 31.5 Plants respond to attacks by herbivores and pathogens

              

		Defenses Against Herbivores




		
                  Defenses Against Pathogens

              














        

      

    


      
        
          

Unit 6 Animal Form and Function


32 The Internal Environment of Animals: Organization and Regulation






		
CONCEPT 32.1 Animal form and function are correlated at all levels of organization





	
	
                  CONCEPT 32.2 The endocrine and nervous systems act individually and together in regulating animal physiology

              

		An Overview of Coordination and Control




	
	
                  Endocrine Glands and Hormones

              

	
                  Regulation of Endocrine Signaling

              

	
                  Simple Endocrine Pathways

              

	
                  Neuroendocrine Signaling

              

	
                  Hormone Solubility

              

	
                  Multiple Effects of Hormones

              




	
                  CONCEPT 32.3 Feedback control maintains the internal environment in many animals

              

		Regulating and Conforming




	
	
                  Homeostasis

              

	
                  Thermoregulation: A Closer Look

              




	
                  CONCEPT 32.4 A shared system mediates osmoregulation and excretion in many animals

              

		Osmosis and Osmolarity




	
	
                  Osmoregulatory Challenges and Mechanisms

              

	
                  Nitrogenous Wastes

              

	
                  Excretory Processes

              




	
                  CONCEPT 32.5 The mammalian kidney’s ability to conserve water is a key terrestrial adaptation

              

		
From Blood Filtrate to Urine: A Closer Look





	
	
                  Concentrating Urine in the Mammalian Kidney

              

	
                  Adaptations of the Vertebrate Kidney to Diverse Environments

              

	
                  The Kidney and Homeostasis

              















        

      

    


      
        
          
33 Animal Nutrition





		
CONCEPT 33.1 An animal’s diet must supply chemical energy, organic building blocks, and essential nutrients





	
	
	
                  Essential Nutrients

              

	
                  Malnutrition

              




	
                  CONCEPT 33.2 Food processing involves ingestion, digestion, absorption, and elimination

              

		Digestive Compartments




	
                  CONCEPT 33.3 Organs specialized for sequential stages of food processing form the mammalian digestive system

              

		The Oral Cavity, Pharynx, and Esophagus




	
	
                  Digestion in the Stomach

              

	
                  Digestion in the Small Intestine

              

	
                  Absorption in the Small Intestine

              

	
                  Processing in the Large Intestine

              




	
                  CONCEPT 33.4 Evolutionary adaptations of vertebrate digestive systems correlate with diet

              

		Dental Adaptations




	
	
                  Stomach and Intestinal Adaptations

              

	
                  Mutualistic Adaptations in Humans

              

	
                  Mutualistic Adaptations in Herbivores

              




	
                  CONCEPT 33.5 Feedback circuits regulate digestion, energy allocation, and appetite

              

		Regulation of Digestion




	
	
                  Energy Allocation

              

	
                  Regulation of Appetite

              















        

      

    


      
        
          
34 Circulation and Gas Exchange





		
CONCEPT 34.1 Circulatory systems link exchange surfaces with cells throughout the body





	
	
	
                  Open and Closed Circulatory Systems

              

	
                  Organization of Vertebrate Circulatory Systems

              




	
                  CONCEPT 34.2 Coordinated cycles of heart contraction drive double circulation in mammals

              

		Mammalian Circulation




	
	
                  The Mammalian Heart: A Closer Look

              

	
                  Maintaining the Heart’s Rhythmic Beat

              




	
                  CONCEPT 34.3 Patterns of blood pressure and flow reflect the structure and arrangement of blood vessels

              

		Blood Vessel Structure and Function




	
	
                  Blood Flow Velocity

              

	
                  Blood Pressure

              

	
                  Capillary Function

              

	
                  Fluid Return by the Lymphatic System

              




	
                  CONCEPT 34.4 Blood components function in exchange, transport, and defense

              

		Blood Composition and Function




		
                  Cardiovascular Disease

              



	
                  CONCEPT 34.5 Gas exchange occurs across specialized respiratory surfaces

              

		Partial Pressure Gradients in Gas Exchange




	
	
                  Respiratory Media

              

	
                  Respiratory Surfaces

              

	
                  Gills in Aquatic Animals

              

	
                  Tracheal Systems in Insects

              

	
                  Lungs

              




	
                  CONCEPT 34.6 Breathing ventilates the lungs

              

		How a Mammal Breathes




		
                  Control of Breathing in Humans

              



	
                  CONCEPT 34.7 Adaptations for gas exchange include pigments that bind and transport gases

              

		Coordination of Circulation and Gas Exchange




	
	
                  Respiratory Pigments

              

	
                  Carbon Dioxide Transport

              

	
                  Respiratory Adaptations of Diving Mammals

              















        

      

    


      
        
          
35 The Immune System





		
CONCEPT 35.1 In innate immunity, recognition and response rely on traits common to groups of pathogens





	
	
	
                  Innate Immunity of Invertebrates

              

	
                  Innate Immunity of Vertebrates

              

	
                  Evasion of Innate Immunity by Pathogens

              




	
                  CONCEPT 35.2 In adaptive immunity, receptors provide pathogen-specific recognition

              

		Antigen Recognition by B Cells and Antibodies




	
	
                  Antigen Recognition by T Cells

              

	
                  B Cell and T Cell Development

              




	
                  CONCEPT 35.3 Adaptive immunity defends against infection of body fluids and body cells

              

		Helper T Cells: Activating Adaptive Immunity




	
	
                  B Cells and Antibodies: A Response to Extracellular Pathogens

              

	
                  Cytotoxic T Cells: A Response to Infected Host Cells

              

	
                  Summary of the Humoral and Cell-Mediated Immune Responses

              

	
                  Immunization

              

	
                  Active and Passive Immunity

              

	
                  Antibodies as Tools

              

	
                  Immune Rejection

              

	
                  Disruptions in Immune System Function

              

	
                  Cancer and Immunity

              















        

      

    


      
        
          
36 Reproduction and Development





		
CONCEPT 36.1 Both asexual and sexual reproduction occur in the animal kingdom





	
	
	
                  Mechanisms of Asexual Reproduction

              

	
                  Sexual Reproduction: An Evolutionary Enigma

              

	
                  Reproductive Cycles

              

	
                  Variation in Patterns of Sexual Reproduction

              

	
                  External and Internal Fertilization

              

	
                  Ensuring the Survival of Offspring

              




	
                  CONCEPT 36.2 Reproductive organs produce and transport gametes

              

		Variation in Reproductive Systems




	
	
                  Human Male Reproductive Anatomy

              

	
                  Human Female Reproductive Anatomy

              

	
                  Gametogenesis

              




	
                  CONCEPT 36.3 The interplay of tropic and sex hormones regulates reproduction in mammals

              

		Biological Sex, Gender Identity, and Sexual Orientation in Human Sexuality




	
	
                  Hormonal Control of the Male Reproductive System

              

	
                  Hormonal Control of Female Reproductive Cycles

              

	
                  Human Sexual Response

              




	
                  CONCEPT 36.4 Development of an egg into a mature embryo requires fertilization, cleavage, gastrulation, and organogenesis

              

		Fertilization




	
	
                  Cleavage

              

	
                  Conception, Cleavage, and Embryo Implantation in Humans

              

	
                  Gastrulation

              

	
                  Embryonic Development in Humans

              

	
                  Fetal Development and Birth

              

	
                  Contraception

              

	
                  Infertility and in Vitro Fertilization

              















        

      

    


      
        
          
37 Neurons, Synapses, and Signaling





		
CONCEPT 37.1 Neuron structure and organization reflect function in information transfer





	
	
	
                  Neuron Structure and Function

              

	
                  Introduction to Information Processing

              




	
                  CONCEPT 37.2 Ion pumps and ion channels establish the resting potential of a neuron

              

		Formation of the Resting Potential




		
                  Modeling the Resting Potential

              



	
                  CONCEPT 37.3 Action potentials are the signals conducted by axons

              

		Hyperpolarization and Depolarization




	
	
                  Graded Potentials and Action Potentials

              

	
                  Generation of Action Potentials: A Closer Look

              

	
                  Conduction of Action Potentials

              




	
                  CONCEPT 37.4 Neurons communicate with other cells at synapses

              

		Generation of Postsynaptic Potentials




	
	
                  Summation of Postsynaptic Potentials

              

	
                  Modulated Signaling at Synapses

              

	
                  Neurotransmitters

              















        

      

    


      
        
          
38 Nervous and Sensory Systems





		
CONCEPT 38.1 Nervous systems consist of circuits of neurons and supporting cells





	
	
	
                  Glia

              

	
                  Organization of the Vertebrate Nervous System

              

	
                  The Peripheral Nervous System

              




	
                  CONCEPT 38.2 The vertebrate brain is regionally specialized

              

		Functional Imaging of the Brain




	
	
                  Arousal and Sleep

              

	
                  Biological Clock Regulation

              

	
                  Emotions

              

	
                  The Brain’s Reward System and Drug Addiction

              




	
                  CONCEPT 38.3 The cerebral cortex controls voluntary movement and cognitive functions

              

		Language and Speech




	
	
                  Lateralization of Cortical Function

              

	
                  Information Processing

              

	
                  Frontal Lobe Function

              

	
                  Evolution of Cognition in Vertebrates

              

	
                  Neuronal Plasticity

              

	
                  Memory and Learning

              

	
                  The BRAIN Initiative

              




	
                  CONCEPT 38.4 Sensory receptors transduce stimulus energy and transmit signals to the central nervous system

              

		Sensory Reception and Transduction




	
	
                  Transmission

              

	
                  Perception

              

	
                  Amplification and Adaptation

              

	
                  Types of Sensory Receptors

              




	
                  CONCEPT 38.5 In hearing and equilibrium, mechanoreceptors detect moving fluid or settling particles

              

		Sensing of Gravity and Sound in Invertebrates




		
                  Hearing and Equilibrium in Mammals

              



	
                  CONCEPT 38.6 The diverse visual receptors of animals depend on light-absorbing pigments

              

		Evolution of Visual Perception




		
                  The Vertebrate Visual System

              














        

      

    


      
        
          
39 Motor Mechanisms and Behavior





		
CONCEPT 39.1 Many behaviors rely on the actions of muscles





	
	
	
                  Vertebrate Skeletal Muscle

              

	
                  Other Types of Vertebrate Muscle

              




	
                  CONCEPT 39.2 Skeletal systems transform muscle contraction into locomotion

              

		Types of Skeletal Systems




		
                  Types of Locomotion

              



	
                  CONCEPT 39.3 Discrete sensory inputs can stimulate both simple and complex behaviors

              

		Fixed Action Patterns




	
	
                  Migration

              

	
                  Behavioral Rhythms

              

	
                  Animal Signals and Communication

              




	
                  CONCEPT 39.4 Learning establishes specific links between experience and behavior

              

		Experience and Behavior




		
                  Learning

              



	
                  CONCEPT 39.5 Selection for individual survival and reproductive success can explain diverse behaviors

              

		Evolution of Foraging Behavior




		
                  Mating Behavior and Mate Choice

              



	
                  CONCEPT 39.6 Genetic analyses and the concept of inclusive fitness provide a basis for studying the evolution of behavior

              

		Genetic Basis of Behavior




	
	
                  Genetic Variation and the Evolution of Behavior

              

	
                  Altruism

              

	
                  Inclusive Fitness

              















        

      

    


      
        
          

Unit 7 Ecology


40 Population Ecology and the Distribution of Organisms






		
CONCEPT 40.1 Earth’s climate influences the distribution of terrestrial biomes





	
	
	
                  Global Climate Patterns

              

	
                  Regional and Local Effects on Climate

              

	
                  Effects of Vegetation on Climate

              

	
                  Climate and Terrestrial Biomes

              

	
                  General Features of Terrestrial Biomes

              




	
                  CONCEPT 40.2 Aquatic biomes are diverse and dynamic systems that cover most of Earth

              

	
                  CONCEPT 40.3 Interactions between organisms and the environment limit the distribution of species

              

		Dispersal and Distribution




	
	
                  Biotic Factors

              

	
                  Abiotic Factors

              




	
                  CONCEPT 40.4 Biotic and abiotic factors affect population density, dispersion, and demographics

              

		Density and Dispersion




		
                  Demographics

              



	
                  CONCEPT 40.5 The exponential and logistic models describe the growth of populations

              

		Changes in Population Size




	
	
                  The Exponential Growth Model

              

	
                  The Logistic Growth Model

              

	
                  The Logistic Model and Real Populations

              




	
                  CONCEPT 40.6 Population dynamics are influenced strongly by life history traits and population density

              

		“Trade-offs” and Life Histories




	
	
                  Population Change and Population Density

              

	
                  Mechanisms of Density-Dependent Population Regulation

              

	
                  Population Dynamics

              















        

      

    


      
        
          
41 Ecological Communities





		CONCEPT 41.1 Interactions between species may help, harm, or have no effect on the individuals involved




	
	
	
                  Competition

              

	
                  Exploitation

              

	
                  Positive Interactions

              




	
                  CONCEPT 41.2 Biological communities can be characterized by their diversity and trophic structure

              

		Species Diversity




	
	
                  Diversity and Community Stability

              

	
                  Trophic Structure

              

	
                  Species with a Large Impact

              

	
                  Bottom-Up and Top-Down Controls

              




	
                  CONCEPT 41.3 Disturbance influences species diversity and composition

              

		Characterizing Disturbance




	
	
                  Ecological Succession

              

	
                  Human Disturbance

              




	
                  CONCEPT 41.4 Biogeographic factors affect community diversity

              

		Latitudinal Gradients




		
                  Area Effects

              



	
                  CONCEPT 41.5 Pathogens alter community structure locally and globally

              

		Effects on Community Structure




		
                  Community Ecology and Zoonotic Diseases

              














        

      

    


      
        
          
42 Ecosystems and Energy





		CONCEPT 42.1 Physical laws govern energy flow and chemical cycling in ecosystems




	
	
	
                  Conservation of Energy

              

	
                  Conservation of Mass

              

	
                  Energy, Mass, and Trophic Levels

              




	
                  CONCEPT 42.2 Energy and other limiting factors control primary production in ecosystems

              

		Ecosystem Energy Budgets




	
	
                  Primary Production in Aquatic Ecosystems

              

	
                  Primary Production in Terrestrial Ecosystems

              




	
                  CONCEPT 42.3 Energy transfer between trophic levels is typically only 10% efficient

              

		Production Efficiency




		
                  Trophic Efficiency and Ecological Pyramids

              



	
                  CONCEPT 42.4 Biological and geochemical processes cycle nutrients and water in ecosystems

              

		Decomposition and Nutrient Cycling Rates




	
	
                  Biogeochemical Cycles

              

	
                  Case Study: Nutrient Cycling in the Hubbard Brook Experimental Forest

              




	
                  CONCEPT 42.5 Restoration ecologists return degraded ecosystems to a more natural state

              

		Bioremediation




	
	
                  Biological Augmentation

              

	
                  Ecosystems: A Review

              















        

      

    


      
        
          
43 Conservation Biology and Global Change





		CONCEPT 43.1 Human activities threaten Earth’s biodiversity




	
	
	
                  Three Levels of Biodiversity

              

	
                  Biodiversity and Human Welfare

              

	
                  Threats to Biodiversity

              




	
                  CONCEPT 43.2 Population conservation focuses on population size, genetic diversity, and critical habitat

              

		Extinction Risks in Small Populations




	
	
                  Critical Habitat and Population Decline

              

	
                  Weighing Conflicting Demands

              




	
                  CONCEPT 43.3 Landscape and regional conservation help sustain biodiversity

              

		Landscape Structure and Biodiversity




		
                  Establishing Protected Areas

              



	
                  CONCEPT 43.4 Earth is changing rapidly as a result of human actions

              

		Nutrient Enrichment




	
	
                  Toxins in the Environment

              

	
                  Greenhouse Gases and Climate Change

              




	
                  CONCEPT 43.5 The human population is no longer growing exponentially but is still increasing rapidly

              

		The Global Human Population




		
                  Global Carrying Capacity

              



	
                  CONCEPT 43.6 Sustainable development can improve human lives while conserving biodiversity

              

		Sustainable Development




		
                  The Future of the Biosphere

              












	
                  APPENDIX A Answers

              

	
                  APPENDIX B Periodic Table of the Elements

              

	
                  APPENDIX C The Metric System

              

	
                  APPENDIX D A Comparison of the Light Microscope and the Electron Microscope

              

	
                  APPENDIX E Classification of Life

              

	
                  APPENDIX F Scientific Skills Review

              

	
                  APPENDIX G Word Roots, Prefixes, and Suffixes for Learning Vocabulary

              

	
                  CREDITS

              

	
                  GLOSSARY

              









        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          

Scientific Skills and Problem-Solving Exercises


Scientific Skills Exercises







	
                  Ch.1Interpreting a Pair of Bar Graphs

              

	
                  Ch.2Interpreting a Scatter Plot with a Regression Line

              

	
                  Ch.3Analyzing Polypeptide Sequence Data

              

	
                  Ch.4Using a Scale Bar to Calculate Volume and Surface Area of a Cell

              

	
                  Ch.5Interpreting a Scatter Plot with Two Sets of Data

              

	
                  Ch.6Making a Line Graph and Calculating a Slope

              

	
                  Ch.7Making a Bar Graph and Evaluating a Hypothesis*

              

	
                  Ch.8Making Scatter Plots with Regression Lines

              

	
                  Ch.9Interpreting Histograms

              

	
                  Ch.10Making a Line Graph and Converting Between Units of Data

              

	
                  Ch.11Making a Histogram and Analyzing a Distribution Pattern

              

	
                  Ch.12Using the Chi-Square (χ2) Test

              

	
                  Ch.13Working with Data in a Table

              

	
                  Ch.14Interpreting a Sequence Logo

              

	
                  Ch.15Analyzing DNA Deletion Experiments

              

	
                  Ch.16Analyzing Quantitative and Spatial Gene Expression Data

              

	
                  Ch.17Analyzing a Sequence-Based Phylogenetic Tree to Understand Viral Evolution

              

	
                  Ch.18Reading an Amino Acid Sequence Identity Table

              

	
                  Ch.19Making and Testing Predictions

              

	
                  Ch.20Using Protein Sequence Data to Test an Evolutionary Hypothesis

              

	
                  Ch.21Using the Hardy-Weinberg Equation to Interpret Data and Make Predictions

              

	
                  Ch.22Identifying Independent and Dependent Variables, Making a Scatter Plot, and Interpreting Data

              

	
                  Ch.23Estimating Quantitative Data from a Graph and Developing Hypotheses

              

	
                  Ch.24Calculating and Interpreting Means and Standard Errors Making a Bar Graph and Interpreting Data*

              

	
                  Ch.25Interpreting Comparisons of Genetic Sequences

              

	
                  Ch.26Interpreting Genomic Data and Generating Hypotheses

              

	
                  Ch.27Understanding Experimental Design and Interpreting Data

              

	
                  Ch.28Using Bar Graphs to Interpret Data

              

	
                  Ch.29Calculating and Interpreting Temperature Coefficients NEW! Making Observations

              

	
                  Ch.30Using Positive and Negative Correlations to Interpret Data

              

	
                  Ch.31Interpreting Experimental Results from a Bar Graph

              

	
                  Ch.32Describing and Interpreting Quantitative Data

              

	
                  Ch.33Interpreting Pie Charts Interpreting Data from an Experiment with Genetic Mutants*

              

	
                  Ch.34Interpreting Data in Histograms

              

	
                  Ch.35Comparing Two Variables on a Common x-Axis*﻿

              

	
                  Ch.36Making Inferences and Designing an Experiment

              

	
                  Ch.37Interpreting Data Values Expressed in Scientific Notation

              

	
                  Ch.38Designing an Experiment Using Genetic Mutants

              

	
                  Ch.39Interpreting a Graph with Log Scales

              

	
                  Ch.40Using the Logistic Equation to Model Population Growth

              

	
                  Ch.41Using Bar Graphs and Scatter Plots to Present and Interpret Data

              

	
                  Ch.42Interpreting Quantitative Data

              

	
                  Ch.43NEW! Graphing Data and Evaluating Evidence

              




*Available only in Mastering Biology. All other Scientific Skills Exercises are in the print book, eTextbook, and Mastering Biology.








        

      

    


      
        
          
Problem-Solving Exercises





	
                  Ch.3﻿Are you a victim of fish fraud?

              

	
                  Ch.14Are insulin mutations the cause of three infants’ neonatal diabetes?

              

	
                  Ch.22Is hybridization promoting insecticide resistance in mosquitoes that transmit malaria?

              

	
                  Ch.27Can declining amphibian populations be saved by a vaccine?

              










          
          
              
                        [image: A problem-solving exercise shows source data, a connected exercise, and guided steps to solve the problem.] 
              

          

          

          
                          The problem-solving exercise shows a mobile screen with an article titled, Can declining amphibian populations be saved by a vaccine? An exercise is provided next to it with guided steps to solve the problem.
      
    
          

        






	
                  Ch.31How will climate change affect crop productivity?

              

	
                  Ch.32Is thyroid regulation normal in this patient?

              

	
                  Ch.42Can an insect outbreak threaten a forest’s ability to absorb CO2 from the atmosphere?

              








        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          

Featured Figures


Visualizing Figures






	
                  3.20﻿Visualizing Proteins

              

	
                  4.30﻿Visualizing the Scale of the Molecular Machinery in a Cell

              

	
                  13.7﻿Visualizing DNA

              

	
                  20.5Visualizing Phylogenetic Relationships

              

	
                  23.4﻿Visualizing the Scale of Geologic Time

              

	
                  27.8﻿Visualizing Animal Body Symmetry and Axes

              

	
                  28.11Visualizing Primary and Secondary Growth

              

	
                  36.18Visualizing Gastrulation

              

	
                  42.14Visualizing Biogeochemical Cycles
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Chapter 1


Introduction: Evolution and the Foundations of Biology









          
          
                Figure 1.1
                The light, dappled color of this beach mouse (Peromyscus polionotus) allows it to blend into its habitat—brilliant white sand dunes dotted with sparse clumps of beach grass along the Florida seashore. Mice of the same species that inhabit nearby inland areas are much darker, blending with the soil and vegetation where they live.
              

            
          
              
                        [image: A diagram showing how mice illustrate the unifying themes of biology.] 
              

          

          

          
                          Six images show the ways in which mice unify different themes of biology.

A white-colored beach mouse and a brown-colored inland mouse together show two different fur colors in mice. As a result of evolution through natural selection over long periods of time, the fur colors of these two populations of mice resemble their surroundings, providing protection from predators.

Two DNA images show genes for brown and white fur depicting that the genetic information encoded in DNA determines a mouse's fur color.

A plant being eaten by a mouse and a mouse being preyed upon by a hawk are interactions within a system.

Energy flows one way from the sun to plants to a mouse; matter cycles between a mouse and its environment. An arrow from the sun points to a plant that is being eaten by a mouse. A second arrow points from the plant to the mouse depicting the flow of energy.

A mouse is shown with the heart labeled and explained further to show cardiac tissue. A cell in this tissue is labeled and a molecule is shown within the cell. Structure fits function at all levels of a mouse’s organization.
      
    
          

        






Key Concepts


		
	
1.1﻿The study of life reveals unifying themes



		
1.2The Core Theme: Evolution accounts for the unity and diversity of life





		
1.3﻿In studying nature, scientists form and test hypotheses


















STUDY TIP





Make a table: List the five unifying themes of biology across the top. Enter at least three examples of each theme as you read this chapter. One example is filled in for you. To help you focus on these big ideas, continue adding examples throughout your study of biology.




          
          
          
          
            
              
              
	Evolution

	Organization

	

	

	





	Beach mouse’s coat color matches its sandy habitat.

	

	

	

	




	

	

	

	

	




            

          

          
        







        

      

    


      
        
          
﻿Get Ready for This Chapter


In this chapter, you will learn about some unifying themes in the study of life, how evolution accounts for the unity and diversity of life, and characteristics of successful scientific inquiry.


After examining Figure 1.1, you should be able to do the following before continuing:


	List the five unifying themes of biology and apply them to examples (see 
Figure 1.1).




The following questions provide a quick check of this basic knowledge:


Chapter 1: Get Ready for This Chapter: Multiple-Choice Questions












Learning Objectives


After studying this chapter, you should be able to do the following:




	
1.1Use examples to illustrate each theme of this book.




	
1.2Summarize how evolution accounts for the unity and diversity of life.


	
1.3Describe the process of scientific inquiry, and evaluate the importance of collaboration and diverse viewpoints to scientific progress.











        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Concept 1.1: The study of life reveals unifying themes





Biology, the scientific study of life, is a subject of enormous scope, and exciting new biological discoveries are being made every day. How can you organize and make sense of all the information you’ll encounter as you study biology? Focusing on a few big ideas will help. Here are five unifying themes—ways of thinking about life that will still be useful decades from now:





	
                  Organization

              

	
                  Information

              

	
                  Energy and Matter

              

	
                  Interactions

              

	
                  Evolution

              






In this chapter, we’ll briefly define and explore each theme.







        

      

    


      
        
          
Theme: New Properties Emerge at Successive Levels of Biological Organization


ORGANIZATION  The study of life on Earth extends from the microscopic scale of the molecules and cells that make up organisms to the global scale of the entire living planet. As biologists, we can divide this enormous range into different levels of biological organization.


In Figure 1.2, we zoom in from space to take a closer and closer look at life in a mountain meadow. This journey, depicted in the figure as a series of numbered steps, highlights the hierarchy of biological organization.



          
          
                Figure 1.2
                Exploring Levels of Biological Organization.
              

            
          
              
                        [image: Figure contains photographs and text depicting the levels of biological organization.] 
              

          

          

          
                          Photographs and text depicting the levels of biological organization present the following information.


	Level 1 is the Biosphere. The biosphere consists of all life on Earth and all of the places where life exists.


	Level 2 shows Ecosystems. An ecosystem consists of all living things in a particular area, along with non-living components such as soil, water, atmospheric gases and light. A meadow is an ecosystem.


	Level 3 shows Communities. A community is an array or organisms that live in a particular ecosystem. Plants, and animals in a meadow are a community.


	Level 4 shows populations. A population consists of the individuals of a species that live within a specific area. A meadow may contain a population of lupines.


	Level 5 shows Organisms. Organisms are individual living things. A plant is an organism.


	Level 6 shows Organs. An organ is a body part that is made up of multiple tissues and has specific functions in the body. A leaf is an organ of a plant.


	Level 7 shows Tissues. A tissue is a group of cells that work together. Photograph shows puzzle–like skin on the surface of a leaf.


	Level 8 shows Cells. The cell is life’s fundamental unit of structure. Photograph shows a single plant cell. Scale shows 10 ?m.


	Level 9 shows Organelles. An organelle is a specialized unit within a cell that performs a specific function. Illustration shows a chloroplast. Scale shows 1 ?m.


	Level 10 shows Molecules. A molecule is a chemical structure consisting of two or more units called atoms. Chlorophyll is a molecule that is found in a chloroplast.



      
    
          

        

Zooming in at ever-finer resolution illustrates the principle that underlies reductionism, an approach that reduces complex systems to simpler components that are more manageable to study. Reductionism is a powerful strategy in biology. For example, by studying the molecular structure of DNA that had been extracted from cells, James Watson and Francis Crick inferred the chemical basis of biological inheritance. Despite its importance, reductionism provides an incomplete view of life, as we’ll discuss next.


Emergent Properties


Let’s reexamine Figure 1.2, beginning this time at the molecular level and then zooming out. Viewed this way, we see that novel properties emerge at each level that are absent from the preceding one. These 
emergent properties are due to the arrangement and interactions of parts as complexity increases. For example, although photosynthesis occurs in an intact chloroplast, it will not take place if chlorophyll and other chloroplast molecules are simply mixed in a test tube. The coordinated processes of photosynthesis require a specific organization of these molecules in the chloroplast. In general, isolated components of living systems—the objects of study in a reductionist approach—lack a number of significant properties that emerge at higher levels of organization.


Emergent properties are not unique to life. A box of bicycle parts won’t transport you anywhere, but if they are arranged in a certain way, you can pedal to your chosen destination. Compared with such nonliving examples, however, biological systems are far more complex, making the emergent properties of life especially challenging to study.


To fully explore emergent properties, biologists complement reductionism with 
systems biology, the exploration of the network of interactions that underlie the emergent properties of a system. A single leaf cell can be considered a system, as can a frog, an ant colony, or a desert 


ecosystem. By examining and modeling the dynamic behavior of an integrated network of components, systems biology enables us to pose new kinds of questions. For example, how do networks of molecular interactions in our bodies generate our 24-hour cycle of wakefulness and sleep? At a larger scale, how does a gradual increase in atmospheric carbon dioxide alter ecosystems and the entire 
biosphere? Systems biology can be used to study life at all levels.


Structure and Function


At each level of biological organization, we find a correlation between structure and function. Consider a leaf in Figure 1.2: Its broad, flat shape maximizes the capture of sunlight by chloroplasts. Because such correlations of structure and function are common in all living things, analyzing a biological structure gives us clues about what it does and how it works. A good example from the animal kingdom is the hummingbird. The hummingbird’s anatomy allows its wings to rotate at the shoulder, so hummingbirds have the ability, unique among birds, to fly backward or hover in place. While hovering, the birds can extend their long slender beaks into flowers and feed on nectar. Such an elegant match of form and function in the structures of life is explained by natural selection, as we’ll explore shortly.



          
          
              
                        [image: Photograph of the lateral view of a hummingbird.] 
              

          

          

          
                          Photograph of the lateral view of a hummingbird. The bird is hovering in front of a yellow flower. The bird has a long, thin, red beak. The body of the bird is green. The wings and tail of the bird are brown.
      
    
          

        

The Cell: An Organism’s Basic Unit of Structure and Function


The 
cell is the smallest unit of organization that can perform all activities required for life. In fact, the actions of an 
organism are all based on the activities of its cells. For instance, the movement of your eyes as you read this sentence results from the activities of muscle and nerve cells. Even a process that occurs on a global scale, such as the recycling of carbon atoms, is the cumulative product of cellular functions, including the photosynthetic activity of chloroplasts in leaf cells.


All cells share certain characteristics, such as being enclosed by a membrane that regulates the passage of materials between the cell and its surroundings. Nevertheless, we distinguish two main forms of cells: prokaryotic and eukaryotic. Prokaryotic cells are found in two groups of single-celled microorganisms, bacteria and archaea. All other forms of life, including plants and animals, are composed of eukaryotic cells.


A 
eukaryotic cell contains membrane-enclosed organelles (Figure 1.3). Some organelles, such as the DNA-containing nucleus, are found in the cells of all eukaryotes; other organelles are specific to particular cell types. For example, the chloroplast in Figure 1.2 is an organelle found only in eukaryotic cells that carry out photosynthesis. In contrast to eukaryotic cells, a 
prokaryotic cell lacks a nucleus or other membrane-enclosed organelles. Furthermore, prokaryotic cells are generally smaller than eukaryotic cells, as shown in Figure 1.3.



          
          
                Figure 1.3
                Contrasting eukaryotic and prokaryotic cells in size and complexity.
              

            
          
              
                        [image: Labeled diagram that contrasts eukaryotic and prokaryotic cells.] 
              

          

          

          
                          Labeled diagram that contrasts eukaryotic and prokaryotic cells presents the following information. Labels on the eukaryotic cell include membrane, cytoplasm, membrane-enclosed organelles, DNA, and membrane-enclosed nucleus. Labels on the prokaryotic cell include DNA (no nucleus), and membrane. The eukaryotic cell is much larger in comparison to the prokaryotic cell.
      
    
          

        

Cells vary in size, but eukaryotic cells are generally much larger than prokaryotic cells. The cells are shown to scale here; to see a larger magnification of a prokaryotic cell, see Figure 4.4.








VISUAL SKILLS Measure the scale bar and use its length to estimate the length of the prokaryotic cell and the approximate diameter of the eukaryotic cell.


For suggested answer, see Appendix A.







        

      

    


      
        
          
Theme: Life’s Processes Involve the Expression and Transmission of Genetic Information


INFORMATION  Within cells, structures called chromosomes contain genetic material in the form of 
DNA (deoxyribonucleic acid). In cells that are preparing to divide, the chromosomes may be made visible using a dye that appears blue when bound to the DNA (Figure 1.4).



          
          
                Figure 1.4
                A lung cell from a newt divides into two smaller cells that will grow and divide again.
              

            
          
              
                        [image: Two images of the lung cell from a newt show cell division from one cell into two smaller cells.] 
              

          

          

          
                          Two images of the lung cell from a newt show cell division from one cell into two smaller cells. The image on the left shows two distinct groups of chromosomes in the nucleus of the cell. Chromosomes are dyed blue. The image on the right shows the cell elongating. One group of chromosomes moves toward each end of the cell, which now appears to be rectangular. A scale bar depicts a length of 10 micrometers.
      
    
          

        

DNA, the Genetic Material


Each chromosome contains one very long DNA molecule with hundreds or thousands of 
genes, each a section of the DNA of the chromosome. Transmitted from parents to offspring, genes are the units of inheritance. They encode the information necessary to build all of the molecules synthesized within a cell, which in turn establish that cell’s identity and function. You began as a single cell stocked with DNA inherited from your parents. The replication of that DNA prior to each cell division transmitted copies of the DNA to what eventually became the trillions of cells of your body. As the cells grew and divided, the genetic information encoded by the DNA directed your development (Figure 1.5).



          
          
                Figure 1.5
                Inherited DNA directs the development of an organism.
              

            
          
              
                        [image: A labeled diagram shows how inherited DNA directs the development of an organism.] 
              

          

          

          
                          A labeled diagram showing how inherited DNA directs the development of an organism. Images show a human sperm cell, a human egg cell, a fertilized egg with DNA from both parents, an embryo with copies of the inherited DNA, and a human baby with traits inherited from both parents.
      
    
          

        

The molecular structure of DNA accounts for its ability to store information. A DNA molecule is made up of two long chains, called strands, arranged in a double helix. Each chain is made up of four kinds of chemical building blocks called nucleotides, abbreviated A, T, C, and G (Figure 1.6). Specific sequences of these four nucleotides encode the information in genes. The way DNA encodes information is analogous to how we arrange the letters of the alphabet into words and phrases with specific meanings. The word rat, for example, evokes a rodent; the words tar and art, which contain the same letters, mean very different things. We can think of the set of nucleotides as a four-letter alphabet.



          
          
                Figure 1.6
                DNA: The genetic material.
              

            
          
              
                        [image: Diagram shows labeled images of DNA inside the nucleus of a cell, a DNA double helix, and a single strand of DNA.] 
              

          

          

          
                          Diagram shows labeled images of DNA inside the nucleus of a cell, a DNA double helix, and a single strand of DNA. A cell with a membrane-enclosed nucleus. Strands of DNA are visible inside the nucleus.

(a) DNA double helix. The model shows the atoms in a segment of DNA. The DNA is made of two long chains (strands) of building blocks called nucleotides. The DNA molecule has the three-dimensional form of a double helix.

(b) A single strand of DNA. Geometric shapes and letters show nucleotides in a small section of one strand of a DNA molecule. Genetic information is encoded in the specific sequences of the four types of nucleotides. The nucleotides are abbreviated by their letters: A (adenine), G (guanine), C (cytosine), and T (thymine).
      
    
          

        













For many genes, the sequence provides the blueprint for making a protein. For instance, a given bacterial gene may specify a particular protein (an enzyme) required to assemble the cell membrane, while a certain human gene may denote a different protein (an antibody) that helps fight off infection. Overall, proteins are major players in building and maintaining the cell and in carrying out its activities.


Protein-encoding genes control protein production indirectly, using a related molecule called mRNA as an intermediary. The sequence of nucleotides along a gene is transcribed into mRNA, which is then translated into a chain of protein building blocks called amino acids. Once completed, the amino acid chain forms a specific protein with a unique shape and function. The entire process by which the information in a gene directs the production of a cellular product is called 
gene expression (Figure 1.7).



          
          
                Figure 1.7
                Gene expression: Cells use information encoded in a gene to synthesize a functional protein.
              

            
          
              
                        [image: A figure shows the process by which cells synthesize crystallin protein that is in the lens of the eye.] 
              

          

          

          
                          A figure showing the process by which cells synthesize crystallin protein in the lens of the eye provides the following information.

(a) Photograph of a human eye with an inset of a cell from the lens of the eye. The lens of the eye is able to focus light because cells are tightly packed with transparent proteins called crystallin.

(b) The lens of the eye uses information in DNA to make crystallin proteins.

Process 1 Transcription: Using information in the sequence of DNA nucleotides, the cell makes (transcribes) a specific RNA molecule called messenger RNA (mRNA).

Process 2 Translation: The cell translates the information in the sequence of mRNA nucleotides to make a protein. A protein is a series of linked amino acids.

Process 3 Protein Folding: The chain of amino acids folds into the shape of a crystalline protein. Crystallin proteins then pack together and focus light, which allows the eye to see.
      
    
          

        







Watch an explanation of this figure.










In carrying out gene expression, all forms of life employ essentially the same genetic code: A particular sequence of nucleotides means the same thing in one organism as it does in another. Differences between organisms reflect differences between their nucleotide sequences rather than between their genetic codes. This universality of the genetic code is a strong piece of evidence that all life is related. Comparing the sequences in several species for a gene that codes for a particular protein can provide valuable information both about the protein and about the evolutionary relationship of the species to each other.


Molecules of mRNA, like the one in Figure 1.7, are translated into proteins, but other cellular RNAs function differently. For example, we have known for decades that some types of RNA are actually components of the cellular machinery that manufactures proteins. Recently, scientists have discovered whole new classes of RNA that play other roles in the cell, such as regulating the function of protein-coding genes. Genes also specify all of these RNAs, and their production is also referred to as gene expression. By carrying the instructions for making proteins and RNAs and by replicating with each cell division, DNA ensures faithful inheritance of genetic information from generation to generation.


Genomics: Large-Scale Analysis of DNA Sequences


The entire “library” of genetic instructions that an organism inherits is called its 
genome. A typical human cell has two similar sets of chromosomes, and each set has approximately 3 billion nucleotide pairs of DNA. If the one-letter abbreviations for the nucleotides of one strand in a set were written in letters the size of those you are now reading, the genomic text would fill about 700 biology textbooks.


The pace at which researchers can determine the sequence of a genome has accelerated at an astounding rate, enabled by a revolution in technology (see Concept 18.1). The genome sequence—the entire sequence of nucleotides for a representative member of a species—is now known for humans and many other animals, as well as numerous plants, fungi, bacteria, and archaea. To make sense of the deluge of data from genome-sequencing projects and the growing catalog of known gene functions, scientists are applying a systems biology approach at the cellular and molecular levels. Rather than investigating a single gene at a time, researchers study whole sets of genes in one or more species—an approach called 
genomics. Likewise, the term 
proteomics refers to the study of sets of proteins and their properties. (The entire set of proteins expressed by a given cell, tissue, or organism is called a 
proteome.)


Three important research developments have made the genomic and proteomic approaches possible. One is “high-throughput” technology, tools that can analyze many biological samples very rapidly. The second major development is 
bioinformatics, the use of computational tools to store, organize, and analyze the huge volume of data that results from high-throughput methods. The third key development is the formation of interdisciplinary research teams—groups of diverse specialists that may include computer scientists, mathematicians, engineers, chemists, physicists, and, of course, biologists from a variety of fields. Researchers in such teams aim to learn how the activities of all the proteins and RNAs encoded by the DNA are coordinated in cells and in whole organisms.







        

      

    


      
        
          
Theme: Life Requires the Transfer and Transformation of Energy and Matter




ENERGY AND MATTER  Moving, growing, reproducing, and the various cellular activities of life are work, and work requires energy. The input of energy, primarily from the sun, and the transformation of energy from one form to another make life possible (Figure 1.8). When a plant’s leaves absorb sunlight in the process of photosynthesis, molecules within the leaves convert the energy of sunlight to the chemical energy of food, such as sugars. The chemical energy in food molecules is then passed from plants and other photosynthetic organisms (producers) to consumers. A consumer is an organism that obtains its energy by feeding on other organisms or their remains.








          
          
                Figure 1.8
                Energy flow and chemical cycling.
              

            
          
              
                        [image: A labeled diagram shows energy flow and chemical cycling.] There is a one-way flow of energy in an ecosystem: During photosynthesis, plants convert energy from sunlight to chemical energy (stored in food molecules such as sugars), which is used by plants and other organisms to do work and is eventually lost from the ecosystem as heat. In contrast, matter cycles between organisms and the physical environment.

 
              

          

          

          
                          A labeled diagram showing energy flow and chemical cycling. The diagram shows a plant growing in soil in a grassy field. The sun is shining. Light energy comes from the sun. Plants convert sunlight into chemical energy. Chemicals in plants are passed to organisms that eat the plants. Organisms use chemical energy to do work. Heat is lost from the ecosystem. Decomposers such as fungi and bacteria break down leaf litter and dead organisms, returning chemicals to the soil. Plants take up chemicals from the soil and air.
      
    
          

        





When an organism uses chemical energy to perform work, such as muscle contraction or cell division, some of that energy is lost to the surroundings as heat. As a result, energy flows through an ecosystem in one direction, usually entering as light and exiting as heat. In contrast, matter cycles within an ecosystem, where it is used and then recycled (see Figure 1.8). Chemical elements that a plant absorbs from the air or soil (in the form of molecules or ions) may be incorporated into the plant’s body and then passed to an animal that eats the plant. Eventually, these elements will be returned to the environment by decomposers, such as bacteria and fungi, that break down waste products, organic debris, and the bodies of dead organisms. The elements are then available to be taken up by plants again, thereby completing the cycle.






        

      

    


      
        
          
Theme: Organisms Interact with Other Organisms and the Physical Environment


INTERACTIONS  Every organism in an ecosystem interacts with other organisms. A flowering plant, for example, interacts with soil microorganisms associated with its roots, insects that pollinate its flowers, and animals that eat its leaves and petals. Interactions between organisms include those that are mutually beneficial (as when fish eat small parasites on a turtle, shown in Figure 1.9), and those in which one species benefits and the other is harmed (as when a lion kills and eats a zebra). In some interactions between species both are harmed (as when two plants compete for a soil resource that is in short supply).



          
          
                Figure 1.9
                A mutually beneficial interaction between species.
              

            
          
              
                        [image: Photograph shows a sea turtle in its ecosystem. There are a variety of fish feeding off organisms on the turtle.] 
              

          

          

          
                          Photograph and caption depicting mutualism. The sea turtle swims in its saltwater ecosystem. The fish feed off of organisms on the sea turtle’s skin and shell. The sea turtle benefits from the removal of parasites. The fish get food and protection from predators.
      
    
          

        

These fish feed on small organisms living on the sea turtle’s skin and shell. The sea turtle benefits from the removal of parasites, and the fish gain a meal and protection from enemies. For more examples of mutually beneficial relationships (mutualisms), see Make Connections Figure 29.11.


Each organism in an ecosystem also interacts continuously with physical factors in its environment. The leaves of a flowering plant, for example, absorb light from the sun, take in carbon dioxide from the air, and release oxygen to the air. The environment is also affected by the organisms living there. For example, a plant takes up water and minerals from the soil through its roots, and its roots break up rocks, thereby contributing to the formation of soil. On a global scale, plants and other photosynthetic organisms have generated all the oxygen in the atmosphere.


Like other organisms, we humans interact with our environment. Unfortunately, our interactions sometimes have dire consequences. For example, over the past 150 years, humans have greatly increased the burning of fossil fuels (coal, oil, and gas). This practice releases large amounts of carbon dioxide (CO2) and other gases into the atmosphere. About half of this CO2 stays in the atmosphere, causing heat to be trapped close to Earth’s surface (see Figure 43.28). Scientists calculate that the CO2 added to the atmosphere by human activities has increased the average temperature of the planet by about 1.1°C since 1900. At the current rates that CO2 and other gases are being added to the atmosphere, global models predict an additional rise of at least 3°C before the end of this century.


This ongoing global warming is a major aspect of 
climate change, a directional change to the global climate that lasts for three decades or more (as opposed to short-term changes in the weather). But global warming is not the only way the climate is changing: Wind and precipitation patterns are also shifting, and extreme weather events such as storms and droughts are occurring more often. Climate change has already affected organisms and their habitats all over the planet. For example, polar bears have lost much of the ice platform from which they hunt, leading to food shortages and increased mortality rates. As habitats deteriorate, hundreds of plant and animal species are shifting their ranges to more suitable locations—but for some, there is insufficient suitable habitat, or they may not be able to migrate quickly enough. As a result, the populations of many species are shrinking in size or even disappearing (Figure 1.10). (For more examples of how climate change is affecting life on Earth, see Make Connections Figure 43.30.)



          
          
                Figure 1.10
                Threatened by global warming.
              

            
          
              
                        [image: Photograph of lizard of the genus Sceloporus.] 
              

          

          

          
                          Photograph and caption of lizard of the genusSceloporusprovides the following information. A warmer environment causes lizards to seek protection from the heat. This leaves them with less time to forage for food. Less nourishment reduces reproductive success. Surveys of the 200 populations in Mexico have shown a decline of 12 percent since 1975.
      
    
          

        

A warmer environment causes lizards in the genus Sceloporus to spend more time in refuges from the heat, reducing the time available for foraging. The lizards’ food intake drops, decreasing their reproductive success. Surveys of  Sceloporus populations in Mexico show that 12% of these populations have disappeared since 1975.


The loss of populations due to climate change can ultimately result in extinction, the permanent loss of a species. As we’ll discuss in greater detail in Concept 43.4, the consequences of these changes for humans and other organisms may be profound.


Having considered four of the unifying themes that run through this text (organization, information, energy and matter, and interactions), let’s now turn to biology’s core theme—evolution.








Concept Check 1.1



	
                  Starting with the molecular level in 
Figure 1.2, write a sentence that includes components from the level of biological organization below it (smaller in scale), for example, “A molecule consists of atoms bonded together.” Continue with organelles, moving up the biological hierarchy.

              

	
                  Identify the theme or themes exemplified by (a) the sharp quills of a porcupine, (b) the development of a multicellular organism from a single fertilized egg, and (c) a hummingbird using sugar to power its flight.

              

	
                  WHAT IF? For each theme discussed in this section, give an example not mentioned in the text.

              




For suggested answers, see Appendix A.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Concept 1.2: The Core Theme: Evolution accounts for the unity and diversity of life




EVOLUTION  An understanding of evolution helps us to make sense of everything we know about life on Earth. As the fossil record clearly shows, life has been evolving for billions of years, resulting in a vast diversity of past and present organisms. But along with the diversity there is also unity. For example, while sea horses, jackrabbits, hummingbirds, crocodiles, and giraffes all look very different, their skeletons are organized in the same basic way.




The scientific explanation for the unity and diversity of organisms is 
evolution: a process of biological change in which species accumulate differences from their ancestors as they adapt to different environments over time. Thus, we can account for differences between two species (diversity) with the idea that certain heritable changes occurred after the two species diverged from their common ancestor. However, although these two species differ in some ways, they also share certain traits (unity) simply because they have descended from a common ancestor. An abundance of evidence of different types supports the occurrence of evolution and the mechanisms that describe how it takes place, which we’ll discuss in detail in Chapters 19–23. Meanwhile, for the remainder of this section, we’ll continue our introduction to evolution and how it has led to the unity and diversity of life.







        

      

    


      
        
          
Classifying the Diversity of Life




Diversity is a hallmark of life. Biologists have identified and named about 1.8 million species of organisms, and estimates of the number of living species range from about 10 million to over 100 million. These remarkably diverse forms of life arose by evolutionary processes. Before exploring how evolution occurs, however, let’s first consider how biologists organize the enormous variety of life-forms on this planet into manageable and informative groupings.




Humans have a tendency to group diverse items according to their similarities and relationships to each other. Consequently, biologists have long used careful comparisons of form and function to classify life-forms into a hierarchy of increasingly inclusive groups. Consider, for example, the species known as the leopard (Panthera pardus). Leopards belong to the same genus (Panthera) as tigers and lions. Bringing together several similar genera (the plural of genus) forms a family, which in turn is a component of an order and then a class. For the leopard, this means being grouped with cougars, cheetahs, and others in the family Felidae, then with wolves in the order Carnivora, and then with dolphins (and us) in the class Mammalia (see Figure 20.3). These animals can be classified into still broader groupings: the 
phylum Chordata and the kingdom Animalia.




In the last few decades, new methods of assessing species relationships, such as comparisons of DNA sequences, have led to a reevaluation of the larger groupings. Although this reevaluation is ongoing, biologists currently place all of the kingdoms of life into three higher levels of classification called domains: Bacteria, Archaea, and Eukarya (Figure 1.11).








          
          
                Figure 1.11
                The three domains of life.
              

            
          
              
                        [image: Figure shows photographs and captions describing the three domains of life.] 
              

          

          

          
                          Figure showing photographs and captions describing the three domains of life provides the following information.

(a) Domain Bacteria are the most diverse and widespread prokaryotes and are now classified into multiple kingdoms. The photograph shows a group of rod-shaped bacterial cells.

(b) Domain Archaea includes multiple kingdoms. Some of the prokaryotes known as archaea live in Earth’s extreme environments, such as salty lakes and boiling hot springs. The photograph shows a group of individual round, green archaeal cells.

(c) Domain Eukarya includes Kingdom Plantae, Kingdom Fungi, Kingdom Animalia, and Protists.


	Kingdom Plantae is represented by a photograph of a fern with flowers. These are multicellular eukaryotes that carry out photosynthesis.

	Kingdom Fungi is represented by a photograph of a mushroom. These organisms absorb nutrients from outside their bodies.

	Kingdom Animalia is represented by a photograph of a gorilla. These are eukaryotes that ingest other organisms.

	Protists are mostly unicellular eukaryotes and simple multicellular relatives. They are represented by a photograph of a variety of protists inhabiting pond water.


      
    
          

        






Two of the three domains—
Bacteria and 
Archaea—consist of single-celled, prokaryotic organisms. All the eukaryotes (organisms with eukaryotic cells) are grouped in domain 
Eukarya. This domain includes three kingdoms of multicellular eukaryotes: Plantae, Fungi, and Animalia. These three kingdoms are distinguished partly by their modes of nutrition. Plants produce their own sugars and other food molecules by photosynthesis; fungi absorb dissolved nutrients from their surroundings; and animals obtain food by eating and digesting other organisms. Animalia is, of course, the kingdom to which we belong.


The most numerous and diverse eukaryotes are the mostly single-celled protists. Although protists once were placed in a single kingdom, they are now classified into several groups. One major reason for this change is the recent DNA evidence showing that some protists are less closely related to other protists than they are to plants, animals, or fungi.







        

      

    


      
        
          
Unity in the Diversity of Life




Although diversity is apparent in the many forms of life, there is also remarkable unity. Consider, for example, the similar skeletons of different animals and the universal genetic language of DNA (the genetic code), both mentioned earlier. In fact, similarities between organisms are evident at all levels of the biological hierarchy.




How can we account for life’s dual nature of unity and diversity? The process of evolution, explained next, illuminates both the similarities and differences in the world of life. It also introduces another dimension of biology: the passage of time. The history of life, as documented by fossils and other evidence, is the saga of an ever-changing Earth billions of years old, inhabited by an evolving cast of living forms (Figure 1.12).





          
          
                Figure 1.12
                Studying the history of life.
              

            
          
              
                        [image: A researcher viewing bones from a human skeleton whose bones are spread across a table.] A paleontologist examines a fossilized tooth of Tautavel Man, a pre-Neanderthal species discovered in southern France. Fossilized teeth preserve well and provide valuable information concerning the age, health, and diet of the individual.

 
              

          

          

          
            
          

        






        

      

    


      
        
          
Charles Darwin and the Theory of Natural Selection


An evolutionary view of life came into sharp focus in 1859, when Charles Darwin published one of the most important and influential books ever written, On the Origin of Species by Means of Natural Selection (Figure 1.13). The Origin of Species articulated two main points. The first was that species accumulate differences from their ancestors as they adapt to different environments over time. Darwin called this process “descent with modification.” This insightful phrase captured the duality of life’s unity and diversity—unity in the kinship among species that descended from common ancestors, and diversity in the modifications that evolved as species branched from their common ancestors (Figure 1.14). Darwin’s second main point was his proposal that “natural selection” is a primary cause of descent with modification.








          
          
                Figure 1.13
                Charles Darwin.
              

            
          
              
                        [image: Portrait of Charles Darwin with title page of The Origin of Species.] The portrait shows Darwin in about 1840, before the 1859 publication of his revolutionary book, commonly referred to as The Origin of Species.

 
              

          

          

          
            
          

        







          
          
                Figure 1.14
                Unity and diversity among birds.
              

            
          
              
                        [image: Three photographs showing a red-tailed hawk, an American flamingo, and a Gentoo penguin.] These three birds are variations on a common body plan. For example, each has feathers, a beak, and wings, although these features are highly specialized for the birds’ diverse lifestyles.

 
              

          

          

          
                          Three photographs showing a red-tailed hawk, an American flamingo, and a Gentoo penguin. A photograph of a red-tailed hawk shows broad wings, a hooked beak, a long, broad tail, and sharp talons. A photograph of an American flamingo shows a tall, pink bird standing on one long, thin leg. The bird has a long neck that curves in an S shape. Its spoon-shaped beak is touching the water. A photograph of Gentoo penguin shows a bright-orange bill, pale whitish-pink webbed feet, and a long tail. Its wings resemble flippers.
      
    
          

        

Darwin developed his theory of natural selection from observations that by themselves were neither new nor profound. However, although others had described the pieces of the puzzle, it was Darwin who saw how they fit together. His three essential observations were the following: First, individuals in a 
population vary in their traits, many of which seem to be heritable (passed on from parents to offspring). Second, a population can produce far more offspring than can survive to produce offspring of their own. Competition is thus inevitable. Third, species generally are suited to their environments—in other words, they are adapted to their circumstances. For instance, a common adaptation among birds that eat hard seeds is an especially strong beak.


By making inferences from these three observations, Darwin developed a scientific explanation for how evolution occurs. He reasoned that individuals with inherited traits that are better suited to the local environment are more likely to survive and reproduce than are less well-suited individuals. Over many generations, a higher and higher proportion of individuals in a population will have the advantageous traits. Darwin called this mechanism of evolutionary adaptation 
natural selection because the natural environment consistently “selects” for the propagation of certain traits among naturally occurring variant traits in the population (Figure 1.15).









          
          
                Figure 1.15
                Natural selection.
              

            
          
              
                        [image: Four illustrations show the process of natural selection in an imaginary beetle population.] This imaginary beetle population has colonized a locale where the soil has been blackened by a recent brush fire. Initially, the population varies extensively in the inherited coloration of the individuals, from very light gray to charcoal. For hungry birds that prey on the beetles, it is easiest to spot the beetles that are lightest in color.

 
              

          

          

          
                          Four illustrations showing the process of natural selection in an imaginary beetle population. Soil has been blackened by a recent brush fire. Illustration 1 shows a population of beetles with a variety of different colors. Illustration 2 show a bird eating a white beetle in a population of white, black, and grey beetles. Illustration 3 shows a bird eating a white beetle in a population that has mostly black and grey beetles. Illustration 4 shows a population of grey and black beetles with no bird present.
      
    
          

        

DRAW IT Over time, the soil will gradually become lighter in color. Draw another step to show how the soil, when lightened to medium color, would affect natural selection. Write a caption for this new step. Then explain how the population would change over time as the soil becomes lighter.


For suggested answer, see Appendix A.










For more resources from HHMI BioInteractive, go to www.hhmi.org/biointeractive.







        

      

    


      
        
          
The Tree of Life


For another example of unity and diversity, consider the human arm. The bones, joints, nerves, and blood vessels in your forelimb are very similar to those in the foreleg of a horse, the flipper of a whale, and the wing of a bat. Indeed, all mammalian forelimbs are anatomical variations of a common architecture. According to the Darwinian concept of descent with modification, the shared anatomy of mammalian limbs reflects inheritance of the limb structure from a common ancestor—the “prototype” mammal from which all other mammals descended. The diversity of mammalian forelimbs results from modification by natural selection operating over millions of years in different environmental contexts.


Darwin proposed that natural selection, by its cumulative effects over long periods of time, could cause an ancestral species to give rise to two or more descendant species. This could occur, for example, if one population of organisms fragmented into several subpopulations isolated in different environments. In these separate arenas of natural selection, one species could gradually radiate into multiple species as the geographically isolated populations adapted over many generations to different environmental conditions.


The “family tree” of six finch species shown in Figure 1.16 illustrates a famous example of the process of radiation. Darwin collected specimens of finches during his 1835 visit to the remote Galápagos Islands, [image: 900   text kilometers  end text open parentheses km close parentheses] west of South America. The Galápagos finches are thought to have descended from an ancestral finch species that reached the archipelago from South America or the Caribbean. Over time, the Galápagos finches diversified from their ancestor as populations became adapted to different food sources on their particular islands. Years after Darwin collected the finches, researchers began to sort out their evolutionary relationships, first from anatomical and geographic data and more recently using DNA sequence comparisons.



          
          
                Figure 1.16
                Descent with modification: finches on the Galápagos Islands.
              

            
          
              
                        [image: A tree diagram illustrates the current hypothesis for the evolutionary relationships of finches on the Galápagos Islands.] This “tree” diagram illustrates a current hypothesis for the evolutionary relationships of finches on the Galápagos. Note the various beaks, which are adapted to particular food sources. For example, heavier, thicker beaks are better at cracking seeds, while more slender beaks are better at grasping insects.

 
              

          

          

          
                          A tree diagram illustrating the current hypothesis for the evolutionary relationships of finches on the Galápagos Islands. Various beaks are adapted to particular food sources. Heavier, thicker beaks are better for cracking seeds. Slender beaks are better for grasping insects.

The root of the tree diagram shows an ancestral finch.

Level 1 of the tree diagram shows an image of a Green warbler finchCerthidea olivacea(insect eater).

Level 2 branch point where lineages diverge from a common ancestor: Vegetarian finchPlatyspiza crassirostris(fruit eater).

Level 3 branch point for common ancestor for finches in the generaCamarhynchusandGeospiza.


	Woodpecker finchCamarhynchus pallidus(insect eater)

	Small tree finchCamarhynchus parvulus(insect eater)

	Common cactus finchGeospiza scandens(cactus eater)

	Large ground finchGeospiza mafnirostris(seed eater)


      
    
          

        









For more resources from HHMI BioInteractive, go to www.hhmi.org/biointeractive.








Biologists’ diagrams of such evolutionary relationships generally take treelike forms, though the trees are often turned sideways, as in Figure 1.16. Tree diagrams make sense: Just as an individual has a genealogy that can be diagrammed as a family tree, each species is one twig of a branching tree of life extending back in time through ancestral species more and more remote. Species that are very similar, such as the Galápagos finches, share a relatively recent common ancestor. Through an ancestor that lived much farther back in time, finches are related to sparrows, hawks, penguins, and all other birds. Furthermore, finches and other birds are related to us through a common ancestor even more ancient. Trace life back far enough, and we reach the early prokaryotes that inhabited Earth 3.5 billion years ago. We can recognize their vestiges in our own cells—in the universal genetic code, for example. Indeed, all of life is connected through its long evolutionary history.







Concept Check 1.2



	
                  How is a mailing address analogous to biology’s hierarchical classification system?

              

	
                  Explain why “editing” is an appropriate metaphor for how natural selection acts on a population’s heritable variation.

              

	
                  DRAW IT Recent evidence indicates that fungi and animals are more closely related to each other than either of these kingdoms is to plants. Draw a simple branching pattern that symbolizes the proposed relationship between these three kingdoms of multicellular eukaryotes.

              




For suggested answers, see Appendix A.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Concept 1.3: In studying nature, scientists form and test hypotheses





Science is a way of knowing—an approach to understanding the natural world. It developed out of our curiosity about ourselves, other life-forms, our planet, and the universe.




At the heart of science is 
inquiry, the search for information and explanations of natural phenomena. There is no formula for successful scientific inquiry, no single scientific method that researchers must rigidly follow. As in all quests, science includes elements of challenge, adventure, and luck, along with careful planning, reasoning, creativity, patience, and the persistence to overcome setbacks. Such diverse elements of inquiry make science less structured than most people realize. That said, it is possible to highlight certain characteristics that help to distinguish science from other ways of describing and explaining nature.




Scientists use a process of inquiry that includes making observations, forming logical explanations (hypotheses), and testing them. The process is necessarily repetitive: In testing a hypothesis, our observations may inspire revision of the original hypothesis or formation of a new one, thus leading to further testing. In this way, scientists circle closer and closer to their best estimation of the laws governing nature.







        

      

    


      
        
          
Exploration and Discovery




Biology, like other sciences, begins with careful observation. In gathering information, biologists often use tools, such as microscopes, precision thermometers, or high-speed cameras, that extend their senses or facilitate careful measurement. Observations can reveal valuable information about the natural world. For example, a series of detailed observations have shaped our understanding of cell structure. Another set of observations is currently expanding our databases of genome sequences from diverse species and of genes whose expression is altered in diseases.




In exploring nature, biologists also rely heavily on the scientific literature, the published contributions of fellow scientists. By reading about and understanding past studies, scientists can build on the foundation of existing knowledge, focusing their investigations on observations that are original and on hypotheses that are consistent with previous findings. Identifying publications relevant to a new line of research is now easier than at any point in the past, thanks to indexed and searchable electronic databases.







        

      

    


      
        
          
Gathering and Analyzing Data


Recorded observations are called 
data. Put another way, data are items of information on which scientific inquiry is based. Some data are qualitative, such as descriptions of what is observed. For example, British researcher Jane Goodall spent decades recording her observations of chimpanzee behavior during field research in a Tanzanian jungle (Figure 1.17). She also documented her observations with photographs and movies.



          
          
                Figure 1.17
                Jane Goodall collecting qualitative data on chimpanzee behavior.
              

            
          
              
                        [image: Jane Goodall recording observations of chimpanzee behavior.] Goodall recorded her observations in field notebooks, often with sketches of the animals’ behavior.

 
              

          

          

          
            
          

        

In her studies, Goodall also gathered and recorded volumes of quantitative data, such as the frequency and duration of specific behaviors for different members of a group of chimpanzees in a variety of situations. Quantitative data are generally expressed as numerical measurements and often organized into tables or graphs. Scientists analyze their data using a type of mathematics called statistics to test whether their results are significant or merely due to random fluctuations. All results presented in this text have been shown to be statistically significant.


Collecting and analyzing observations can lead to important conclusions based on a type of logic called 
inductive reasoning. Through induction, we derive generalizations from a large number of specific observations. The generalization “All organisms are made of cells” was based on two centuries of microscopic observations made by biologists examining cells in diverse biological specimens. Careful observations and data analyses, along with the generalizations reached by induction, are fundamental to our understanding of nature.









Interview


Interview with Jane Goodall: Living with chimpanzees





          
          
              
                        [image: Photograph of Jane Goodall.] 
              

          

          

          
            
          

        






        

      

    


      
        
          
Forming and Testing Hypotheses




Our innate curiosity often stimulates us to pose questions about the natural basis for the phenomena we observe in the world. What caused the different chimpanzee behaviors observed in the wild? What explains the variation in coat color among the mice of a single species, shown in Figure 1.1? In science, answering such questions usually involves forming and testing logical explanations—that is, hypotheses.




In science, a 
hypothesis is an explanation, based on observations and assumptions, that leads to a testable prediction. Said another way, a hypothesis is an explanation on trial. The hypothesis is usually a rational accounting for a set of observations, based on the available data and guided by inductive reasoning. A scientific hypothesis must lead to predictions that can be tested by making additional observations or by performing experiments. An 
experiment is a scientific test, often carried out under controlled conditions.




We all make observations and develop questions and hypotheses in solving everyday problems. Let’s say, for example, that your desk lamp is plugged in and turned on but the bulb isn’t lit. That’s an observation. The question is obvious: Why doesn’t the lamp work? Two reasonable hypotheses based on your experience are that (1) the bulb is burnt out or (2) the lamp is broken. Each of these hypotheses leads to predictions you can test with experiments. For example, the burnt-out bulb hypothesis predicts that replacing the bulb will fix the problem. Figuring things out in this way by performing a series of tests is a hypothesis-based approach.




Deductive Reasoning




A type of logic called deduction is also built into the use of hypotheses in science. While induction entails reasoning from a set of specific observations to reach a general conclusion, 
deductive reasoning involves logic that flows in the opposite direction, from the general to the specific. From general premises, we extrapolate to the specific results we should expect if the premises are true. In the scientific process, deductions usually take the form of predictions of results that will be found if a particular hypothesis (premise) is correct. We then test the hypothesis by carrying out experiments or observations to see whether or not the results are as predicted. This deductive testing takes the form of “If. . . then” logic. In the case of the desk lamp example: If the burnt-out bulb hypothesis is correct, then the lamp should work when you replace the bulb with a new one.




We can use the desk lamp example to illustrate two other key points about the use of hypotheses in science. First, one can always devise additional hypotheses to explain a set of observations. For instance, another of the many possible alternative hypotheses to explain our dead desk lamp is that the wall outlet is faulty. Although you could design an experiment to test this hypothesis, we can never test all possible explanations. Second, we can never prove that a hypothesis is true. Suppose that replacing the bulb fixed the lamp. The burnt-out bulb hypothesis would be the most likely explanation, but testing supports that hypothesis not by proving that it is correct, but rather by not finding that it is false. For example, if replacing the bulb fixed the desk lamp, it might have been because the bulb we replaced was good but not screwed in properly.




Although a hypothesis can never be proved beyond all doubt, testing it in various ways can significantly increase our confidence in its validity. Often, rounds of hypothesis formulation and testing lead to a scientific consensus—the shared conclusion of many scientists that a particular hypothesis explains the known data well and stands up to experimental testing.




Questions That Can and Cannot Be Addressed by Science




Scientific inquiry is a powerful way to learn about nature, but there are limitations to the kinds of questions it can answer. A scientific hypothesis must be testable; there must be some observation or experiment that could reveal if such an idea is more likely to be true or false. For example, the hypothesis that a burnt-out bulb is the sole reason the lamp doesn’t work would not be supported if replacing the bulb with a new one didn’t fix the lamp.




Not all hypotheses meet the criteria of science: You wouldn’t be able to test the hypothesis that invisible ghosts are fooling with your desk lamp! Because science only deals with natural, testable explanations for natural phenomena, it can neither support nor contradict the invisible ghost hypothesis, nor whether spirits or elves cause storms, rainbows, or illnesses. Such supernatural explanations are simply outside the bounds of science, as are religious matters, which are issues of personal faith.







        

      

    


      
        
          
The Flexibility of the Scientific Process




The way that researchers answer questions about the natural and physical world is often idealized as the scientific method. However, very few scientific studies adhere rigidly to the sequence of steps that are typically used to describe this approach. For example, a scientist may start to design an experiment, but then backtrack after realizing that more preliminary observations are necessary. In other cases, observations remain too puzzling to prompt well-defined questions until further study provides a new context in which to view those observations. For example, scientists could not unravel the details of how genes encode proteins until after the discovery of the structure of DNA (an event that took place in 1953).




A more realistic model of the scientific process is shown in Figure 1.18. The focus of this model, shown in the central circle in the figure, is the forming and testing of hypotheses. This core set of activities is the reason that science does so well in explaining phenomena in the natural world. These activities, however, are shaped by exploration and discovery (upper circle) and influenced by interactions with other scientists and with society more generally (lower circles). For example, the 
community of scientists influences which hypotheses are tested, how test results are interpreted, and what value is placed on the findings. Similarly, societal needs—such as the push to cure cancer or understand the process of climate change—may help shape what research projects are funded and how extensively the results are discussed.








          
          
                Figure 1.18
                The process of science: a realistic model.
              

            
          
              
                        [image: Diagram shows a model of the process of science.] The process of science is not linear, but instead involves backtracking, repetition, and feedback between different steps of the process. This illustration is based on a model (How Science Works) from the website Understanding Science (www.understandingscience.org).

 
              

          

          

          
                          A diagram showing a model of the process of science provides the following information.

One circle titled Forming and Testing Hypotheses surrounded by three circles titled Societal Benefits and Outcomes, Exploration and Discovery, and Community Analysis and Feedback. Two directional arrows between each circle and the center circle.

One curved arrow pointing from Community Analysis and Feedback and Societal Benefits and Outcomes. One curved arrow from Societal Benefits and Outcomes points to Exploration and Discovery. One curved arrow points from Community Analysis and Feedback to Exploration and Discovery.

Center circle Forming and Testing Hypotheses contains Testing Ideas including forming hypotheses, predicting results, doing experiments and/or making observations, gathering data, and analyzing results. Interpreting results: Data may support a hypothesis, contradict a hypothesis, and inspire a new or revised hypothesis.

Bottom left circle Societal Benefits and Outcomes contains developing technology, informing policy, solving problems, and building knowledge.

Bottom right circle Community Analysis and Feedback contains feedback and peer review, replication of findings, publication, and consensus building.

Top circle Exploration and Discovery contains observing nature, asking questions, and reading the scientific literature.
      
    
          

        





Now that we have highlighted the key features of scientific inquiry—making observations and forming and testing hypotheses—you should be able to recognize these features in a case study of actual scientific research.






        

      

    


      
        
          

A Case Study in Scientific Inquiry: Investigating Coat Coloration in Mouse Populations


Color patterns of animals vary widely in nature, sometimes even among members of the same species. What accounts for such variation? Our case study involves the different coloration patterns of two populations of mice (Peromyscus polionotus) found in Florida. One inhabits a beach environment; the other, a more wooded inland environment (see Figure 1.1). There are few hiding places for mice among the sparse clumps of beach grass that dot the white sand dunes along the Florida seashore. The mice that live along the beach have light, dappled fur, allowing them to blend into their surroundings. Mice of the same species also inhabit nearby inland areas. These mice are much darker in color, as are the soil and vegetation where they live. How has the color of each group of mice come to be so well matched, or adapted, to the local background? Frances A. Sumner, a naturalist studying these populations of mice in the 1920s, hypothesized that the different coloration patterns of beach versus inland mice had evolved as adaptations that camouflage the mice in their native environments, protecting them from predation (Figure 1.19).








          
          
                Figure 1.19
                Different coloration in beach and inland populations of Peromyscus polionotus.
              

            
          
              
                        [image: Side by side photographs with map insets of the beach mouse of the species Peromyscus polionotus along with surrounding beach or grassland habitats.] 
              

          

          

          
                          Side-by-side photographs with map insets of the beach mouse of the speciesPeromyscus polionotusalong with surrounding beach or grassland habitats. One map shows the area of study in the context of the entire state of Florida. An inset map shows the location of the beach population of the speciesPeromyscus polionotusand the inland population of the same species.

Beach mice: Beach mice live on sparsely populated sand dunes along the coast. They have light tan, dappled fur on their backs provides camouflage.

Inland mice: Inland mice have dark fur on their backs. The dark color camouflages them against the dark ground of their habitats.
      
    
          

        





As obvious as Sumner’s camouflage hypothesis may seem, it still required testing. In 2010, biologist Hopi Hoekstra of Harvard University and a group of her students headed to Florida to test the prediction that mice with coloration that did not match their habitat would be preyed on more heavily than the native, well-matched mice. Figure 1.20 summarizes this field experiment, introducing a type of figure (Inquiry Figures) that we will use throughout this text to explore other examples of biological inquiry.







Inquiry Figure 1.20: Does camouflage affect predation rates on two populations of mice?


Experiment Hopi Hoekstra and colleagues tested the hypothesis that coat coloration provides camouflage that protects beach and inland populations of Peromyscus polionotus mice from predation in their habitats. The researchers spray-painted mouse models with light or dark color patterns that matched those of the beach and inland mice and placed models with each of the patterns in both habitats. The next morning, they counted damaged or missing models.


Results For each habitat, the researchers calculated the percentage of attacked models that were camouflaged or non-camouflaged. In both cases, the models whose pattern did not match their surroundings suffered much higher “predation” than did the camouflaged models.



          
          
              
                        [image: Two graphs of the effects of camouflage on predation rates in mice.] 
              

          

          Data from S. N. Vignieri, J. G. Larson, and H. E. Hoekstra, The selective advantage of crypsis in mice, Evolution 64:2153–2158 (2010).



          
                          The graphs are as follows.


	Beach habitat.A graph of the percentage of attacked mouse models with light models (camouflaged; the control group) and dark models (non-camouflaged; the experimental group). 25 percent of the light models were attacked, versus 75 percent of the dark models.


	Inland habitat.A graph of the percentage of attacked mouse models with light models (non-camouflaged; the experimental group) and dark models (camouflaged; the control group). 75 percent of the light models were attacked versus 25 percent of the dark models.



      
    
          

        

Conclusion The results are consistent with the researchers’ prediction that mouse models with camouflage coloration would be attacked less often than non-camouflaged mouse models. Thus, the experiment supports the camouflage hypothesis.


INTERPRET THE DATA The bars indicate the percentage of the attacked models that were either light or dark. Assume 50 mouse models were attacked in each habitat. For the beach habitat, how many were light models? Dark models? Answer the same questions for the inland habitat.









Interview


Interview with Hopi Hoekstra: Investigating the genetics and natural selection of mouse coat color





          
          
              
                        [image: Photograph of Hopi Hoekstra.] 
              

          

          

          
            
          

        







The researchers built hundreds of models of mice and spray-painted them to resemble either beach or inland mice, so that the models differed only in their color patterns. The researchers placed equal numbers of these model mice randomly in both habitats and left them overnight. The mouse models resembling the native mice in the habitat were the control group (for instance, light-colored mouse models in the beach habitat), while the models with the non-native coloration were the experimental group (for example, darker models in the beach habitat). The following morning, the team counted and recorded signs of predation events, which ranged from bites and gouge marks on some models to the outright disappearance of other models. Judging by the shape of the predators’ bites and the tracks surrounding the experimental sites, the predators appeared to be split fairly evenly between mammals (such as foxes and coyotes) and birds (such as owls, herons, and hawks).


For each environment, the researchers then calculated the percentage of predator attacks that targeted camouflaged models. The results were clear-cut: Camouflaged models showed much lower predation rates than those lacking camouflage in both the dune habitat (where light mice were less vulnerable) and the inland habitat (where dark mice were less vulnerable). The data thus fit the key prediction of the camouflage hypothesis.







        

      

    


      
        
          
Variables and Controls in Experiments




In carrying out an experiment, a researcher often manipulates a factor in a system and observes the effects of this change. The mouse camouflage experiment described in Figure 1.20 is an example of a 
controlled experiment, one that is designed to compare an 
experimental group (the non-camouflaged models, in this case) with a 
control group (the camouflaged models). Both the factor that is manipulated and the factor that is subsequently measured are 
variables—a feature or quantity that varies in an experiment.




In our example, the color of the mouse model was the 
independent variable—the factor manipulated by the researchers. The 
dependent variable is the factor being measured that is predicted to be affected by the independent variable; in this case, the researchers measured the amount of predation in response to variation in color of the mouse model. Note also that the experimental and control groups differ in only one independent variable: color. As a result, the researchers could rule out other factors as causes of the more frequent attacks on the non-camouflaged models—such as different numbers of predators or different temperatures in the various test areas. The experimental design left coloration as the only factor that could account for the low predation rate on models camouflaged with respect to the surrounding environment.




A common misconception is that the term controlled experiment means that scientists control all features of the experimental environment. But that’s impossible in field research and can be very difficult even in a highly regulated laboratory setting. Researchers usually “control” unwanted variables not by eliminating them but by canceling out their effects using control groups.







        

      

    


      
        
          
Theories in Science




“It’s just a theory!” Our everyday use of the word theory often implies an untested speculation. But this term has a different meaning in science. What is a scientific theory, and how is it different from a hypothesis or from mere speculation?




First, a scientific 
theory is much broader in scope than a hypothesis. This is a hypothesis: “Coat coloration that is well matched to habitat is an adaptation that protects mice from predators.” But this is a theory: “Evolutionary adaptations arise by natural selection.” This theory proposes that natural selection accounts for an enormous variety of adaptations, of which coat color in mice is but one example.




Second, a theory is general enough to spin off many new, testable hypotheses. For example, the theory of natural selection motivated two researchers at Princeton University, Peter and Rosemary Grant, to test the specific hypothesis that the beaks of Galápagos finches evolve in response to changes in the types of available food. (See Figure 21.2.)




And third, compared to any one hypothesis, a theory is generally supported by a much greater body of evidence. Those theories that become widely adopted in science (such as the theory of natural selection or the theory of gravity) explain a great diversity of observations and are supported by a vast accumulation of evidence.




Finally, scientists will modify or even reject a previously supported theory if new research consistently produces results that don’t fit. For example, biologists once lumped bacteria and archaea together as a kingdom of prokaryotes. When new methods for comparing cells and molecules could be used to test such relationships, the evidence led scientists to reject the theory that bacteria and archaea are members of the same kingdom. If there is “truth” in science, it is conditional, based on the weight of available evidence.







        

      

    


      
        
          
Science as a Social Process


The great scientist Sir Isaac Newton once said: “To explain all nature is too difficult a task for any one man or even for any one age. ’Tis much better to do a little with certainty, and leave the rest for others that come after you.” Anyone who becomes a scientist, driven by curiosity about nature, is sure to benefit from the rich storehouse of discoveries by others who have come before. Furthermore, while movies and cartoons sometimes portray scientists as loners working in isolated labs, science is an intensely social activity. Most scientists work in teams, which often include graduate and undergraduate students.


Science is continuously vetted through the expectation that observations and experiments must be repeatable and hypotheses must be testable. Scientists working in the same research field often check one another’s claims by attempting to confirm observations or repeat experiments. In fact, Hopi Hoekstra’s experiment benefited from the work of another researcher, D. W. Kaufman, four decades earlier. You can study the design of Kaufman’s experiment and interpret the results in the Scientific Skills Exercise.








Scientific Skills Exercise


Interpreting a Pair of Bar Graphs


How Much Does Camouflage Affect Predation on Mice by Owls with and without Moonlight? D. W. Kaufman hypothesized that the extent to which the coat color of a mouse contrasted with the color of its surroundings would affect the rate of nighttime predation by owls. He also hypothesized that contrast would be affected by the amount of moonlight. In this exercise, you will analyze data from his studies of owl-mouse predation that tested these hypotheses.



          
          
              
                        [image: Photograph of a bird in flight holding prey in its beak.] 
              

          

          

          
            
          

        

How the Experiment Was Done Pairs of mice (Peromyscus polionotus) with different coat colors, one light brown and one dark brown, were released simultaneously into an enclosure that contained a hungry owl. The researcher recorded the color of the mouse that was first caught by the owl. If the owl did not catch either mouse within 15 minutes, the test was recorded as a zero. The release trials were repeated multiple times in enclosures with either a dark-colored soil surface or a light-colored soil surface. The presence or absence of moonlight during each assay was recorded.


Data from the Experiment



          
          
              
                        [image: Two graphs showing data from an experiment performed by D.W. Kaufman on how camouflage affects predation on mice by a hungry owl with and without moonlight on light and dark colored soil.] 
              

          

          Data from D. W. Kaufman, Adaptive coloration in Peromyscus polionotus: Experimental selection by owls, Journal of Mammalogy 55:271–283 (1974).



          
                          Two graphs showing data from an experiment performed by D.W. Kaufman on how camouflage affects predation on mice by a hungry owl with and without moonlight on light and dark-colored soil. Both bar graphs compare mice with light and dark coats on nights with a full moon and on nights with no moon.

Left side bar graph A measures data of mice captured in an enclosure that holds light-colored soil. The full moon bars show that 18 light-colored mice and 19 dark-colored mice were captured. The no-moon bars show that 11 light-colored mice and 37 dark-colored mice were captured.

Right side bar graph B measures data of mice captured in an enclosure that holds dark-colored soil. The full moon bars show that 28 light-colored mice and 12 dark-colored mice were captured. The no-moon bars show that 26 light-colored mice and 20 dark-colored mice were captured.
      
    
          

        

INTERPRET THE DATA



	
                  First, make sure you understand how the graphs are set up. Graph A shows data from the light-colored soil enclosure and graph B from the dark-colored enclosure, but in all other respects the graphs are the same. (a) There is more than one independent variable in these graphs. What are the independent variables, the variables that were tested by the researcher? Which axis of the graphs has the independent variables? (b) What is the dependent variable, the response to the variables being tested? Which axis of the graphs has the dependent variable? (For additional information about graphs, see the 
Scientific Skills Review in 
Appendix F.)

              

	
                  (a) How many dark brown mice were caught in the light-colored soil enclosure on a moonlit night? (b) How many dark brown mice were caught in the dark-colored soil enclosure on a moonlit night? (c) On a moonlit night, would a dark brown mouse be more likely to escape predation by owls on dark- or light-colored soil? Explain your answer.

              

	
                  (a) Is a dark brown mouse on dark-colored soil more likely to escape predation under a full moon or with no moon? (b) What about a light brown mouse on light-colored soil? Explain.

              

	
                  (a) Under which conditions would a dark brown mouse be most likely to escape predation at night? (b) A light brown mouse?

              

	
                  (a) What combination of independent variables led to the highest predation level in enclosures with light-colored soil? (b) What combination of independent variables led to the highest predation level in enclosures with dark-colored soil?

              

	
                  Thinking about your answers to question 5, provide a simple statement describing conditions that are especially deadly for either color of mouse.

              

	
                  Combining the data from both graphs, estimate the number of mice caught in moonlight versus no-moonlight conditions. Which condition is optimal for predation by the owl? Explain.

              




Instructors: A version of this Scientific Skills Exercise can be assigned in Mastering Biology.








If scientific colleagues cannot repeat experimental findings, this failure may reflect an underlying weakness in the original claim, which will then have to be revised. In this sense, science polices itself. Adherence to high professional standards in reporting results is central to the scientific endeavor, since the validity of experimental data is key to designing further inquiry.


Biologists may approach questions from different angles. Some biologists focus on ecosystems, while others study natural phenomena at the level of organisms or cells. This text is divided into units that focus on biology observed at different levels and investigated through different approaches. Yet any given problem can be addressed from many perspectives, which in fact complement each other. For example, not only did Hoekstra carry out field studies showing that coat coloration can affect predation rates, but her work in the lab uncovered at least one genetic mutation that underlies the differences between beach and inland mouse coloration. Because the biologists in her lab have different specialties, her research group has been able not only to characterize evolutionary adaptations, but also to define the molecular basis for particular adaptations in the DNA sequence of the mouse genome.


The research community is part of society at large. The relationship of science to society becomes clearer when we add technology to the picture. The goal of 
technology is to apply scientific knowledge for some specific purpose. Because scientists put new technology to work in their research, science and technology are interdependent.


In centuries past, many major technological innovations originated along trade routes, where a rich mix of different cultures ignited new ideas. For example, the printing press was invented around 1440 by Johannes Gutenberg, living in what is now Germany. This invention relied on several innovations from China, including paper and ink, and from Iraq, where technology was developed for the mass production of paper. Like technology, science stands to gain much from embracing a diversity of backgrounds and viewpoints among its practitioners.


The scientific community reflects the customs and behaviors of society at large. It is therefore not surprising that until recently, women, people of color, and other underrepresented groups have faced huge obstacles in their pursuit to become professional scientists in many countries around the world. Over the past 50 years, changing attitudes about career choices have increased the proportion of women in biology, and women now constitute roughly half of undergraduate majors and Ph.D. students. The pace of change has been slow at higher levels in the profession, however, and women, people of color, and other marginalized groups are still significantly underrepresented in many branches of science due to systemic forms of historical and contemporary bias. This lack of diversity hampers the progress of science. The more voices that are heard at the table, the more robust and productive the scientific conversation will be. The authors of this text welcome all students to the community of biologists, wishing you the joys and satisfactions of this exciting field of science.








Concept Check 1.3



	
                  Contrast inductive reasoning with deductive reasoning.

              

	
                  What qualitative observation led to the quantitative study outlined in 
Figure 1.20?

              

	
                  Why is natural selection called a theory?

              

	
                  How does science differ from technology?

              




For suggested answers, see Appendix A.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Chapter 1 Review


Summary of Key Concepts







To review key terms, go to the Vocab Self-Quiz.







Concept 1.1: The study of life reveals unifying themes


Theme: Organization



	
                  The hierarchy of life unfolds as follows: biosphere>ecosystem>community>population>organism>organ system>organ>tissue>cell>organelle>molecule>atom. With each step up, new properties emerge (emergent properties) as a result of interactions among components at the lower levels.

              

	
                  Structure and function are correlated at all levels of biological organization. The cell is the lowest level that can perform all activities required for life. Cells are either prokaryotic or eukaryotic. Eukaryotic cells have a DNA-containing nucleus and other membrane-enclosed organelles. Prokaryotic cells lack such organelles.

              





          
          
              
                        [image: Labeled diagram that contrasts eukaryotic and prokaryotic cells.] 
              

          

          

          
                          Labeled diagram that contrasts eukaryotic and prokaryotic cells presents the following information. Labels on the eukaryotic cell include membrane, cytoplasm, membrane-enclosed organelles, DNA, and membrane-enclosed nucleus. Labels on the prokaryotic cell include DNA (no nucleus), and membrane. The eukaryotic cell is much larger in comparison to the prokaryotic cell.
      
    
          

        

Theme: Information


	
                  Genetic information is encoded in the nucleotide sequences of DNA. It is DNA that transmits heritable information from parents to offspring. DNA sequences (called genes) program a cell’s protein production by being transcribed into mRNA and then translated into specific proteins, a process called gene expression. Gene expression also produces RNAs that are not translated into proteins but serve other important functions.

              




          
          
              
                        [image: The diagram shows labeled images of DNA inside the nucleus of a cell and a DNA double helix.] 
              

          

          

          
                          Diagram shows labeled images of DNA inside the nucleus of a cell, a DNA double helix, and a single strand of DNA. A cell with a membrane-enclosed nucleus. Strands of DNA are visible inside the nucleus.

(a) DNA double helix. The model shows the atoms in a segment of DNA. The DNA is made of two long chains (strands) of building blocks called nucleotides. The DNA molecule has the three-dimensional form of a double helix.
      
    
          

        

Theme: Energy and Matter


	
                  Energy flows through an ecosystem. Producers convert energy from sunlight to chemical energy, which is used by organisms to do work and is eventually lost from the ecosystem as heat. Matter cycles between organisms and the environment.

              




          
          
              
                        [image: A labeled diagram shows energy flow and chemical cycling.] 
              

          

          

          
                          A labeled diagram showing energy flow and chemical cycling. The diagram shows a plant growing in soil in a grassy field. The sun is shining. Light energy comes from the sun. Plants convert sunlight into chemical energy. Chemicals in plants are passed to organisms that eat the plants. Organisms use chemical energy to do work. Heat is lost from the ecosystem. Decomposers such as fungi and bacteria break down leaf litter and dead organisms, returning chemicals to the soil. Plants take up chemicals from the soil and air.
      
    
          

        

Theme: Interactions


	
                  Organisms interact continuously with physical factors. Plants take up nutrients from the soil and chemicals from the air and use energy from the sun. Interactions among plants, animals, and other organisms affect the participants in varying ways.

              




          
          
              
                        [image: Photograph shows a sea turtle in its ecosystem. There are a variety of fish feeding off organisms on the turtle.] 
              

          

          

          
                          Photograph and caption depicting mutualism. The sea turtle swims in its saltwater ecosystem. The fish feed off of organisms on the sea turtle’s skin and shell. The sea turtle benefits from the removal of parasites. The fish get food and protection from predators.
      
    
          

        






QUESTION Thinking about the muscles and nerves in your hand, how does the activity of text messaging reflect the four unifying themes of biology described in this section?







Concept 1.2: The Core Theme: Evolution accounts for the unity and diversity of life


	
                  Evolution, the process of change that has transformed life on Earth, accounts for the unity and diversity of life. It also explains evolutionary adaptation—the match of organisms to their environments.

              




          
          
              
                        [image: Tree diagram shows an ancestral finch and two branches of descendant species of finches.] 
              

          

          

          
                          A tree diagram shows an ancestral finch and two branches of descendant species of finches. The top branch shows a Green warbler finchCerthidea olivacea(insect eater) with a long, slender beak. The bottom branch shows a vegetarian finchPlatyspiza crassirostris(fruit eater) with a short, thick beak.
      
    
          

        


	
                  Biologists classify species according to a system of broader and broader groups. Domain Bacteria and domain Archaea consist of prokaryotes. Domain Eukarya, the eukaryotes, includes various groups of protists as well as plants, fungi, and animals.

              

	
                  Darwin proposed natural selection as the mechanism for evolutionary adaptation of populations to their environments. Natural selection is the evolutionary process that occurs when a population is exposed to environmental factors that consistently cause individuals with certain heritable traits to have greater reproductive success than do individuals with other heritable traits.

              

	
                  Each species is one twig of a branching tree of life extending back in time through more and more remote ancestral species. All of life is connected through its long evolutionary history.

              









QUESTION How could natural selection have led to the evolution of adaptations such as camouflaging coat color in beach mice?







Concept 1.3: In studying nature, scientists form and test hypotheses



	
                  In scientific inquiry, scientists make observations (collect data) and use inductive reasoning to draw a general conclusion, which can be developed into a testable hypothesis. Deductive reasoning makes predictions that can be used to test hypotheses.

              

	
                  Controlled experiments are designed to demonstrate the effect of one variable by testing control groups and experimental groups differing in only that one variable.

              

	
                  A scientific theory is broad in scope, generates new hypotheses, and is supported by a large body of evidence.

              

	
                  Observations and experiments must be repeatable, and hypotheses must be testable. Technology is a method or device that applies scientific knowledge for some specific purpose that affects society as well as for scientific research. Diversity among scientists promotes progress in science.

              










QUESTION What are the roles of gathering and interpreting data in scientific inquiry?


For suggested answers, see Appendix A.







        

      

    

              
                
                  
                  
                  

                

              


          
            
      
        
          
Test Your Understanding




For more multiple-choice questions, go to the Practice Test.




Levels 1-2: Remembering/Understanding





	
                  The species of bacteria residing on your skin make up


	
                  an ecosystem.

              

	
                  a community.

              

	
                  a population.

              

	
                  the biosphere.

              



              

	
                  Which of the following is true about eukaryotic cells?


	
                  Not all eukaryotic cells have a nucleus.

              

	
                  They are found in archaea.

              

	
                  They are generally smaller than prokaryotic cells.

              

	
                  They contain membrane-enclosed organelles.

              



              

	
                  When classifying life-forms into increasingly inclusive groups, what is the correct hierarchical order of groups from lowest to highest?


	
                  genus, family, order, class, phylum

              

	
                  phylum, class, order, family, genus

              

	
                  order, class, family, genus, phylum

              

	
                  genus, order, family, phylum, class

              



              

	
                  Which of the following statements best distinguishes hypotheses from theories in science?


	
                  Theories are hypotheses that have been proved.

              

	
                  Hypotheses are guesses; theories are correct answers.

              

	
                  Hypotheses usually are relatively narrow in scope; theories have broad explanatory power.

              

	
                  Theories are proved true; hypotheses are often contradicted by experimental results.

              



              






Levels 3-4: Applying/Analyzing





	
                  In scientists’ attempts to understand nature, careful observations and data analyses lead to generalizations such as ‘All organisms are made of cells’. This is the result of


	
                  deductive reasoning.

              

	
                  hypothetical thinking.

              

	
                  inductive reasoning.

              

	
                  common sense.

              



              

	
                  DRAW IT With rough sketches, draw a biological hierarchy similar to the one in 
Figure 1.2 but using a coral reef as the ecosystem, a fish as the organism, its stomach as the organ, and DNA as the molecule.

              






Levels 5-6: Evaluating/Creating




	
                  SCIENTIFIC INQUIRY

              





	
                  Refer to Kaufman’s study of owl-mouse predation mentioned in the Scientific Skills Exercise in this chapter. Define what would be the experimental and control groups.

              





	
                  SCIENTIFIC INQUIRY

              





	
                  Scientists search the scientific literature by means of electronic databases such as PubMed, a free online database maintained by the National Center for Biotechnology Information. Use PubMed to find the abstract of a scientific article that Hopi Hoekstra published in 2016 or later.

              





	
                  FOCUS ON A THEME: EVOLUTION

              





	
                  In a short essay [image: ], describe Darwin’s view of how natural selection resulted in both unity and diversity of life on Earth. Include in your discussion some of his evidence. (For help in writing good essays, see “Writing Tips and Rubrics” in the Study Area of Mastering Biology under “Additional Resources.”)

              





	
                  FOCUS ON A THEME: INFORMATION

              





	
                  A typical prokaryotic cell has about 3,000 genes in its DNA, while a human cell has almost 21,000 genes. About 1,000 of these genes are present in both types of cells. (a) Based on your understanding of evolution, explain how such different organisms could have this same subset of 1,000 genes. (b) What functions might these shared genes have? Justify your choices.

              





	
                  SYNTHESIZE YOUR KNOWLEDGE

              






          
          
              
                        [image: Photograph shows a mossy lead-tailed gecko lying against a tree trunk.] 
              

          

          

          
                          A photograph shows a mossy lead-tailed gecko lying against a tree trunk. The brown coloring of the gecko blends in with the green coloring of the tree trunk making it difficult to see the animal.
      
    
          

        



	
                  Can you pick out the mossy leaf-tailed gecko lying against the tree trunk in this photo? How is the appearance of the gecko a benefit in terms of survival? Given what you learned about evolution, natural selection, and genetic information in this chapter, describe how the gecko’s coloration might have evolved.

              





For selected answers, see Appendix A.
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		13.2: Many proteins work together in DNA replication and repair

		13.3: A chromosome consists of a DNA molecule packed together with proteins

		13.4: Understanding DNA structure and replication makes genetic engineering possible

		Chapter 13: Summary of Key Concepts

		Chapter 13: Test Your Understanding





		Chapter 14: Gene Expression: From Gene to Protein		Chapter Overview: Gene Expression: From Gene to Protein

		14.1: Genes specify proteins via transcription and translation

		14.2: Transcription is the DNA-directed synthesis of RNA: A Closer Look

		14.3: Eukaryotic cells modify RNA after transcription

		14.4: Translation is the RNA-directed synthesis of a polypeptide: A Closer Look

		14.5: Mutations of one or a few nucleotides can affect protein structure and function

		Chapter 14: Summary of Key Concepts

		Chapter 14: Test Your Understanding





		Chapter 15: Regulation of Gene Expression		Chapter Overview: Regulation of Gene Expression

		15.1: Bacteria often respond to environmental change by regulating transcription

		15.2: Eukaryotic gene expression is regulated at many stages

		15.3: Noncoding RNAs play multiple roles in controlling gene expression

		15.4: Researchers can monitor expression of specific genes

		Chapter 15: Summary of Key Concepts

		Chapter 15: Test Your Understanding





		Chapter 16: Development, Stem Cells, and Cancer		Chapter Overview: Development, Stem Cells, and Cancer

		16.1: A program of differential gene expression leads to the different cell types in a multicellular organism

		16.2: Cloning of organisms showed that differentiated cells could be “reprogrammed” and ultimately led to the production of stem cells

		16.3: Abnormal regulation of genes that affect the cell cycle can lead to cancer

		Chapter 16: Summary of Key Concepts

		Chapter 16: Test Your Understanding





		Chapter 17: Viruses		Chapter Overview: Viruses

		17.1: A virus consists of a nucleic acid surrounded by a protein coat

		17.2: Viruses replicate only in host cells

		17.3: Viruses and prions are formidable pathogens in animals and plants

		Chapter 17: Summary of Key Concepts
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		18.1: The Human Genome Project fostered development of faster, less expensive sequencing techniques

		18.2: Scientists use bioinformatics to analyze genomes and their functions

		18.3: Genomes vary in size, number of genes, and gene density

		18.4: Multicellular eukaryotes have a lot of noncoding DNA and many multigene families

		18.5: Duplication, rearrangement, and mutation of DNA contribute to genome evolution

		18.6: Comparing genome sequences provides clues to evolution and development

		Chapter 18: Summary of Key Concepts

		Chapter 18: Test Your Understanding
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		Chapter 19: Descent with Modification		Chapter Overview: Descent with Modification

		19.1: The Darwinian revolution challenged traditional views of a young Earth inhabited by unchanging species

		19.2: Descent with modification by natural selection explains the adaptations of organisms and the unity and diversity of life

		19.3: Evolution is supported by an overwhelming amount of scientific evidence

		Chapter 19: Summary of Key Concepts

		Chapter 19: Test Your Understanding





		Chapter 20: Phylogeny		Chapter Overview: Phylogeny

		20.1: Phylogenies show evolutionary relationships

		20.2: Phylogenies can be used to understand shared characters

		20.3: Phylogenies are inferred from morphological and molecular data

		20.4: Molecular clocks help track evolutionary time

		20.5: New information continues to revise our understanding of evolutionary history

		Chapter 20: Summary of Key Concepts
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		Chapter 21: The Evolution of Populations		Chapter Overview: The Evolution of Populations

		21.1: Genetic variation makes evolution possible

		21.2: The Hardy-Weinberg equation is a model of no evolution occurring for a given gene

		21.3: Natural selection, genetic drift, and gene flow can alter allele frequencies in a population

		21.4: Natural selection is the only mechanism that consistently causes adaptive evolution

		Chapter 21: Summary of Key Concepts
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		22.1: The biological species concept emphasizes reproductive isolation

		22.2: Speciation can take place with or without geographic separation

		22.3: Hybrid zones reveal factors that cause reproductive isolation

		22.4: Speciation can occur rapidly or slowly and can result from changes in few or many genes

		Chapter 22: Summary of Key Concepts
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		23.1: The fossil record documents life’s history

		23.2: The rise and fall of groups of organisms reflect differences in speciation and extinction rates

		23.3: Major changes in body form can result from changes in the sequences and regulation of developmental genes

		23.4: Evolution is not goal oriented
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		Chapter 23: Test Your Understanding





		Unit 4: The Evolutionary History of Life		Unit 4: The Evolutionary History of Life





		Chapter 24: Early Life and the Diversification of Prokaryotes		Chapter Overview: Early Life and the Diversification of Prokaryotes

		24.1: Conditions on early Earth made the origin of  life possible

		24.2: Diverse structural and metabolic adaptations  have evolved in prokaryotes

		24.3: Rapid reproduction, mutation, and genetic  recombination promote genetic diversity in prokaryotes

		24.4: Prokaryotes have radiated into a diverse set of  lineages

		24.5: Prokaryotes play crucial roles in the  biosphere

		Chapter 24: Summary of Key Concepts
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		25.1: Eukaryotes arose by endosymbiosis more than 1.8 billion years ago

		25.2: Multicellularity has originated several times in eukaryotes

		25.3: Four “supergroups” of eukaryotes have been proposed based on morphological and molecular data

		25.4: Single-celled eukaryotes play key roles in ecological communities and affect human health

		Chapter 25: Summary of Key Concepts
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		26.1: Fossils show that plants colonized land more than 470 million years ago

		26.2: Though not closely related to plants, fungi played a key role in the colonization of land

		26.3: Early plants radiated into a diverse set of lineages

		26.4: Seeds and pollen grains are key adaptations for life on land

		26.5: Plants and fungi fundamentally changed chemical cycling and biotic interactions
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		Chapter 27: The Rise of Animal Diversity		Chapter Overview: The Rise of Animal Diversity

		27.1: Animals originated more than 700 million years ago

		27.2: The diversity of large animals increased dramatically during the “Cambrian explosion”

		27.3: Diverse animal groups radiated in aquatic environments

		27.4: Vertebrates have been the ocean’s dominant predators for more than 400 million years

		27.5: Several animal groups had features facilitating their colonization of land

		27.6: Amniotes have key adaptations for life in a wide range of terrestrial environments

		27.7: Animals have transformed ecosystems and altered the course of evolution
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		Chapter 28: Vascular Plant Structure and Growth		Chapter Overview: Vascular Plant Structure and Growth

		28.1: Plants have a hierarchical organization consisting of organs, tissues, and cells

		28.2: Different meristems generate new cells for primary and secondary growth

		28.3: Primary growth lengthens roots and shoots

		28.4: Secondary growth increases the diameter of stems and roots in woody plants

		Chapter 28: Summary of Key Concepts
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		Chapter 29: Resource Acquisition, Nutrition, and Transport in Vascular Plants		Chapter Overview: Resource Acquisition, Nutrition, and Transport in Vascular Plants

		29.1: Adaptations for acquiring resources were key  steps in the evolution of vascular plants

		29.2: Different mechanisms transport substances over short or long distances

		29.3: Plant roots absorb many types of essential elements from the soil

		29.4: Plant nutrition often involves relationships with other organisms

		29.5: Transpiration drives the transport of water and minerals from roots to shoots via the xylem

		29.6: The rate of transpiration is regulated by stomata

		29.7: Sugars are transported from sources to sinks via the phloem

		Chapter 29: Summary of Key Concepts
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		Chapter 30: Reproduction and Domestication of Flowering Plants		Chapter Overview: Reproduction and Domestication of Flowering Plants

		30.1: Flowers, double fertilization, and fruits are unique features of the angiosperm life cycle

		30.2: Flowering plants reproduce sexually, asexually, or both

		30.3: People modify crops through breeding and genetic engineering

		Chapter 30: Summary of Key Concepts

		Chapter 30: Test Your Understanding





		Chapter 31: Plant Responses to Internal and External Signals		Chapter Overview: Plant Responses to Internal and External Signals

		31.1: Plants are highly sensitive to environmental stimuli that initiate specific behaviors

		31.2: Plant hormones help coordinate growth,  development, and responses to stimuli

		31.3: Responses to light are critical for plant  success

		31.4: Plants respond to a wide variety of stimuli  other than light

		31.5: Plants respond to attacks by herbivores and pathogens

		Chapter 31: Summary of Key Concepts
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		32.1: Animal form and function are correlated at all levels of organization

		32.2:The endocrine and nervous systems act  individually and together in regulating animal  physiology

		32.3: Feedback control maintains the internal  environment in many animals

		32.4: A shared system mediates osmoregulation and  excretion in many animals

		32.5: The mammalian kidney’s ability to conserve  water is a key terrestrial adaptation

		Chapter 32: Summary of Key Concepts
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		Chapter 33: Animal Nutrition		Chapter Overview: Animal Nutrition

		33.1: An animal’s diet must supply chemical energy,  organic building blocks, and essential nutrients

		33.2: Food processing involves ingestion, digestion, absorption, and elimination

		33.3: Organs specialized for sequential stages of food processing form the mammalian digestive system

		33.4: Evolutionary adaptations of vertebrate digestive systems correlate with diet

		33.5: Feedback circuits regulate digestion, energy allocation, and appetite

		Chapter 33: Summary of Key Concepts
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		Chapter 34: Circulation and Gas Exchange		Chapter Overview: Circulation and Gas Exchange

		34.1: Circulatory systems link exchange surfaces with cells throughout the body

		34.2: Coordinated cycles of heart contraction drive double circulation in mammals

		34.3: Patterns of blood pressure and flow reflect the structure and arrangement of blood vessels

		34.4: Blood components function in exchange, transport, and defense

		34.5: Gas exchange occurs across specialized respiratory surfaces

		34.6: Breathing ventilates the lungs

		34.7: Adaptations for gas exchange include pigments that bind and transport gases

		Chapter 34: Summary of Key Concepts
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		Chapter 35: The Immune System		Chapter Overview: The Immune System

		35.1: In innate immunity, recognition and response rely on traits common to groups of pathogens

		35.2: In adaptive immunity, receptors provide pathogen-specific recognition

		35.3: Adaptive immunity defends against infection of body fluids and body cells

		Chapter 35: Summary of Key Concepts

		Chapter 35: Test Your Understanding





		Chapter 36: Reproduction and Development		Chapter Overview: Reproduction and Development

		36.1: Both asexual and sexual reproduction occur in  the animal kingdom

		36.2: Reproductive organs produce and transport  gametes

		36.3: The interplay of tropic and sex hormones  regulates reproduction in mammals

		36.4: Development of an egg into a mature  embryo requires fertilization, cleavage, gastrulation, and  organogenesis

		Chapter 36: Summary of Key Concepts

		Chapter 36: Test Your Understanding





		Chapter 37: Neurons, Synapses, and Signaling		Chapter Overview: Neurons, Synapses, and Signaling

		37.1: Neuron structure and organization reflect  function in information transfer

		37.2: Ion pumps and ion channels establish the  resting potential of a neuron

		37.3: Action potentials are the signals conducted by  axons

		37.4: Neurons communicate with other cells at  synapses

		Chapter 37: Summary of Key Concepts

		Chapter 37: Test Your Understanding





		Chapter 38: Nervous and Sensory Systems		Chapter Overview: Nervous and Sensory Systems

		38.1: Nervous systems consist of circuits of neurons  and supporting cells

		38.2: The vertebrate brain is regionally specialized

		38.3: The cerebral cortex controls voluntary  movement and cognitive functions

		38.4: Sensory receptors transduce stimulus  energy and transmit signals to the central nervous  system

		38.5: In hearing and equilibrium, mechanoreceptors  detect moving fluid or settling particles

		38.6: The diverse visual receptors of animals  depend on light-absorbing pigments

		Chapter 38: Summary of Key Concepts

		Chapter 38: Test Your Understanding





		Chapter 39: Motor Mechanisms and Behavior		Chapter Overview: Motor Mechanisms and Behavior

		39.1: Many behaviors rely on the actions of muscles

		39.2: Skeletal systems transform muscle contraction into locomotion

		39.3: Discrete sensory inputs can stimulate both simple and complex behaviors

		39.4: Learning establishes specific links between experience and behavior

		39.5: Selection for individual survival and reproductive success can explain diverse behaviors

		39.6: Genetic analyses and the concept of inclusive fitness provide a basis for studying the evolution of behavior

		Chapter 39: Summary of Key Concepts
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		Chapter 40: Population Ecology and the Distribution of Organisms		Chapter Overview: Population Ecology and the Distribution of Organisms

		40.1: Earth’s climate influences the distribution of terrestrial biomes

		40.2: Aquatic biomes are diverse and dynamic systems that cover most of Earth

		40.3: Interactions between organisms and  the environment limit the distribution of  species

		40.4: Biotic and abiotic factors affect population density, dispersion, and demographics

		40.5: The exponential and logistic models describe the growth of populations

		40.6: Population dynamics are influenced strongly by life history traits and population density

		Chapter 40: Summary of Key Concepts

		Chapter 40: Test Your Understanding
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		41.1: Interactions between species may help, harm,  or have no effect on the individuals involved

		41.2: Biological communities can be characterized  by their diversity and trophic structure

		41.3: Disturbance influences species diversity and  composition

		 41.4: Biogeographic factors affect community diversity

		41.5: Pathogens alter community structure locally and globally

		Chapter 41: Summary of Key Concepts
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		42.1: Physical laws govern energy flow and chemical cycling in ecosystems

		42.2: Energy and other limiting factors control primary production in ecosystems

		42.3: Energy transfer between trophic levels is typically only 10% efficient

		42.4: Biological and geochemical processes cycle nutrients and water in ecosystems

		42.5: Restoration ecologists return degraded ecosystems to a more natural state

		Chapter 42: Summary of Key Concepts
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		43.1: Human activities threaten Earth’s  biodiversity

		43.2: Population conservation focuses on  population size, genetic diversity, and critical habitat

		43.3: Landscape and regional conservation help  sustain biodiversity

		43.4: Earth is changing rapidly as a result of human actions

		43.5: The human population is no longer growing  exponentially but is still increasing rapidly

		43.6: Sustainable development can improve human  lives while conserving biodiversity

		Chapter 43: Summary of Key Concepts

		Chapter 43: Test Your Understanding
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resistance to the fungal pathogen Bd.

Your Approach The principle guiding yourinvestigation is that prior exposure to a
pathogen can enable amphibians to acquire immunological resistance o that pathogen.
To see whether this occurs after exposure to Bd, you will analyze data on acquired resis-
tance in Cuban tree frogs (Osteopilus septentrionalls).

Your Data Tocreate variation in number of prior exposures to Bd, Cuban tree frogswere.
exposed to Bd and dleared of thelr infection (using heat treatments) from 0 to 3 times;
frogswith 0 prior exposures are referred to as “naive.” Researchers then exposed frogs to
Bd and measured mean abundance of Bd on the frog'sskin, frog survival, and abundance
oflymphocytes (a type of white blood cell involved n the vertebrate immune response).
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Your Analysis
1. Describe and Interpret the results shown in the two graphs.

2.(a) Graph the data In the table. (b) Based on these data, develop a hypothesis
that explains the results shown In the two graphs.

3. Breeding populations of amphibian species threatened by Bd have been estab-

Tished in captivity. In addition, evidence suggests that Cuban tree frogs can acquire
resistance after exposure to dead Bd. Based on this Information and your answers

to questions 1 and 2, suggest a strategy for repopulating regions decimated by Bd.

 Instructors: Aversion of this Problem-Solving Exercise can be
assigned In Mastering Biology.
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STUDY TIP

Use mnemonics: Mnemonics are memory
tools to help remember facts. For example,
“See Hopkins, California—Mighty good”
(CHOPKNSCaMg) is a mnemonic for
remembering the nine plant macronutrients
(see Table 29.1). Make your own mnemonic
for remembering the functions of
nitrogen (N).

See Hopkins, California—Mighty good

See = C = carbon
H = H = hydrogen
o =0 = oxygen
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How do these mice illustrate the unifying themes of biology?

As a result of evolution
through natural selection
over long periods of time,
the fur colors of these
two populations of mice
resemble their surround-
ings, providing protection
from predators.

Beach
mouse

Inland
mouse

Genetic information encoded in
DNA determines a mouse’s fur colors.
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STUDY TIP

Make a visual study guide: Figure 10.1
presents the events of meiosis as

a simplified diagram. As you learn more
about meiosis, draw a detailed diagram
of the stages of meiosis, starting with
the sketch below. Include explanatory
labels. Compare your visual study guides
of mitosis (from Chapter 9) and meiosis,
listing similarities and differences.

Meiosis

Cell ready to m
start meiosis ﬂ
(chromosomes \

have been duplicated) 2
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CheckPoint: Counting Chromosomes

Answer a few questions to be sure you've got this before you move on.

This cell is about to undergo mitosis. How many chromosomes are shown in it?

@ 3 O 46

O 6 O 12

< b
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ANCESTRAL

FINCH

Branch point: where
lineages diverge
from a common
ancestor

Common ancestor of finches in
the genera Camarhynchus and
Geospiza

Green warbler finch
Certhidea olivacea
(insect-eater)

Vegetarian finch
Platyspiza crassirostris
(fruit-eater)

Woodpecker finch
Camarhynchus pallidus
(insect-eater)

Small tree finch
Camarhynchus parvulus
(insect-eater)

Common cactus finch
Geospiza scandens
(cactus-eater)

Large ground finch
Geospiza
magnirostris
(seed-eater)
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New Zealand ecologists recorded the numbers of
invertebrate species in streambeds that experienced
different intensities and frequencies of flooding. The
largest numbers of species were present in streambeds

with disturbances.
A. no
B. mild L slo
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Index of disturbance|

‘Which statement describes the relationship between potential
evapotranspiration and vertebrate species richness?

A. As evapotranspiration increases, the number of vertebrate
species declines.

B. Abundant rainfall in hot areas has an undetectable effect on
the number of vertebrate species

C. As evapotranspiration increases,
so does vertebrate species g 100
richness. ﬁ

D. Based on the data, one expects
fewer vertebrate species in araasj
of high temperature and abundat
rainfall than in areas with lower
temperature and less rainfall.
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Red-tailed hawk (Buteo borealis)

American flamingo
(Phoenicopterus ruber)

Gentoo penguin
(Pygoscelis papua)
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How does DNA replication transmit genetic information?

DNA replication allows genetic information to be inherited from a parent cell to
daughter cells (by mitosis) and from generation to generation (starting with meiosis).
Unduplicated
chromosome . .
Each gene is a unit of
(one DNA hereditary inf ti
molecle and consisting of a specic
proteins) DNA DNA sequence.
segment
from a
chromosome

DNA replication begins.

Replication
begins at
multiple sites

(origins), each

forming a
replication
bubble with a
fork at each end.

DNA replication and chromosome
condensation is completed.

Duplicated

and condensed
chromosome
(two DNA
molecules and
proteins)

Two DNA molecules, which are
distributed to daughter cells.
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(a) Domain Bacteria (b) Domain Archaea

&

2

o~
Bacteria are the most diverse and widespread prokaryotes and are Domain Archaea includes multiple kingdoms. Some of the
now classified into multiple kingdoms. Each rod-shaped structure prokaryotes known as archaea live in Earth’s extreme
in this photo is a bacterial cell. environments, such as salty lakes and boiling hot springs. Each

round structure in this photo is an archaeal cell.

(c) Domain Eukarya

< Kingdom Animalia
consists of multicellular
eukaryotes that ingest
other organisms.

A Kingdom Plantae (plants)
consists of multicellular
eukaryotes that carry out
photosynthesis, the conversion
of light energy to the chemical
energy in food. Most plant
species live on land.

. » Protists are mostly
unicellular eukaryotes
and some relatively
simple multicellular
relatives. Pictured

is characterized here is an assortment

in part by the of protists inhabiting ‘ :

nutritional mode of its members (such as this mushroom), pond water. Scientists are currently debating how to classify protists
which absorb nutrients from outside their bodies. in a way that accurately reflects their evolutionary relationships.

» Kingdom Fungi
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<1 The Biosphere

Even from space, we can see signs of Farth’s life—in
the mosaic of greens indicating forests, for example.
We can also see the biosphere, which consists of all
life on Earth and all the places where life exists: most
regions of land, most bodies of water, the atmo-
sphere to an altitude of several kilometers, and even
sediments far below the ocean floor.

<2 Ecosystems

Our first scale change brings us to a North American
mountain meadow, which is an example of an
ecosystem, as are a tropical forest, grassland, desert,
and coral reef. An ecosystem consists of all the living
things in a particular area, along with all the nonliving
components of the environment with which life
interacts, such as soil, water, atmospheric gases,

and light.

<43 Communities

The array of organisms inhabiting a particular ecosystem
is called a biological community. The community in
our meadow ecosystem includes many kinds of plants,
various animals, mushrooms and other fungi, and
enormous numbers of diverse microorganisms, such as
bacteria, that are too small to see without a microscope.
Each of these forms of life belongs to a species—a group
whose members can only reproduce with other mem-
bers of the group.

<4 Populations

A population consists of all the individuals of a species
living within the bounds of a specified area. For exam-
ple, our meadow includes a population of lupines (some
of which are shown here) and a population of mule deer.
A community is therefore the set of populations that
inhabit a particular area.

<5 Organisms

Individual living things are called organisms. Fach
plant in the meadow is an organism, and so is each
animal, fungus, and bacterium.

<6 Organs

The structural hierarchy of life continues to unfold as
we explore the architecture of a complex organism. A
leaf is an example of an organ, a body part that is
made up of multiple tissues and has specific func-
tions in the body. Leaves, stems, and roots are the
major organs of plants. Within an organ, each tissue
has a distinct arrangement and contributes particular
properties to organ function.

<« 7 Tissues

Viewing the tissues of a leaf requires a microscope.
Each tissue is a group of cells that work together,
performing a specialized function. The leaf shown
here has been cut on an angle. The honeycombed
tissue in the interior of the leaf (left side of photo) is
the main location of photosynthesis, the process that
converts light energy to the chemical energy of sugar.
The jigsaw puzzle-like “skin” on the surface of the leaf
(right side of photo) is a tissue called epidermis. The
pores through the epidermis allow entry of the gas
CO,, a raw material for sugar production.

48 Cells

The cell is life’s fundamental unit of structure and
function. Some organisms consist of a single cell,
which performs all the functions of life. Other organ-
isms are multicellular and feature a division of labor
among specialized cells. Here we see a magnified view
of acell in a leaf tissue. This cell is about 40 micro-
meters (um) across—about 500 of them would reach
across a small coin. Within these tiny cells are even
smaller green structures called chloroplasts, which are
responsible for photosynthesis.

<9 Organelles

Chloroplasts are examples of organelles, the various
functional components present in cells. The image,
taken by a powerful microscope, shows a single
chloroplast.

< 10 Molecules

Our last scale change drops us into a chloroplast for a
view of life at the molecular level. A molecule is a
chemical structure consisting of two or more units
called atoms, represented as balls in this computer
graphic of a chlorophyll molecule. Chlorophyll is the
pigment that makes a leaf green, and it absorbs sunlight
during photosynthesis. Within each chloroplast,
millions of chlorophyll molecules are organized into
systems that convert light energy to the chemical
energy of food.
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