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Living systems from cells to ecosystems require free energy and matter to maintain 
order, grow, and reproduce, with organisms using various strategies to capture, 
use, and store free energy and other resources. Efficiency of energy transfer and 

availability of resources influence activities in cells and organisms, and often affect a 
population’s stability in terms of size and genetic composition. The exchange of matter 
involves complex interactions between organisms and their environment, and these 
interactions can determine the distribution of organisms, their abundance, and their 
survival in an ecosystem.

Whether or not an organism can survive in its environment depends on its ability to 
respond to environmental change. Because competition for resources affects behavior of 
organisms, and often limits growth of populations, models allow for the prediction of the 
impact of change in an ecosystem’s biotic and abiotic factors. The study of energy flow 
and interactions between living organisms and with their environment leads to questions 
about the richness of life on Earth: Where do organisms live? How many organisms can 
live in a specific habitat?  

The suite of inquiry-based investigations in big idea 4 provides opportunities for 
students to ask questions, and explore answers, about ecological phenomena, many of 
the cellular processes (e.g., photosynthesis and cellular respiration) described in big idea 
2, and concepts presented in big idea 1 (evolution and natural selection). 

■■ SynopSeS■of■The■InveSTIgaTIonS

  Investigation 10: Energy Dynamics   guides students in the exploration 
of energy in a model ecosystem by estimating (1) net primary productivity of Wisconsin 
Fast Plants growing under lights, and (2) the flow of energy from the plants to cabbage 
white butterflies as the larvae consume cabbage-family plants. These two exercises describe 
methods for estimating energy flow in a terrestrial ecosystem, and students are asked to 
apply the skills they acquire, including converting biomass measurements to energy units. 
Students record their questions and observations as they work through the investigation. 
Questions might include What is the role of energy in ecosystems? What factors affect plant 
productivity, the growth of cabbage white larvae, and the interactions of the organisms? 
How can energy be tracked in the model system? and Can the data collecting techniques be 
improved? The study of these model organisms and methods for estimating energy flow 
create a rich, accessible environment that facilitates student exploration of basic ecological 
concepts with respect to energy flow, the roles of producers and consumers, and the 
complex interactions between organisms in a community.  

  Investigation 11: Transpiration   is a revision of Laboratory 9 (Transpiration) 
in the 2001 AP Biology Lab Manual. The revision reflects the changes in the overall AP 
Biology program, moving from a teacher-directed investigation to a guided, inquiry-based 
exploration of transpiration in plants. With a new twist, students begin by calculating leaf 
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surface area, and then determine the average number of stomata per square millimeter 
of leaf. Their data should generate several questions, including Are surface area and the 
number of stomata related to the rate of transpiration? Do all parts of a plant transpire? 
Do all plants transpire at the same rate? and Is there a relationship between habitats in 
which plants evolved to their rates of transpiration? Students design and conduct their own 
experiments to investigate answers to questions they generate about factors — such as 
environmental variables — that affect the rate of transpiration. The investigation provides 
an opportunity for students to review and apply concepts and science practices they have 
studied previously, including cell structure and function, the movement of molecules 
across membranes, and the exchange of matter between biological systems and with their 
environment.

In   Investigation 12: Fruit Fly Behavior,   students use Drosophila 
melanogaster as a model organism to explore chemotaxis and other observed behaviors. 
The fruit fly has been studied in depth by the scientific community; its genome has been 
sequenced, its physical characteristics charted, and its meiotic and developmental processes 
carefully researched. Although students typically become familiar with Drosophila while 
studying genetics, the fly also has been the source for many historical experiments in 
animal behavior. In this investigation, students begin by listing when and where they 
notice fruit flies — in a bowl of fruit, on a picnic table, and during the spring and summer 
— and then construct a choice chamber from a plastic water bottle to conduct a series 
of experiments to gather information about negative and positive responses to chemical 
stimuli. Students note patterns and ratios, and then design and conduct additional 
experiments based on unanswered questions from their initial series of experiments. The 
investigation provides students an opportunity to explore more deeply behaviors that 
underlie chemotaxis. 

  Investigation 13: Enzyme Activity   provides new twists for Laboratory 
2 (Enzyme Catalysis) in the 2001 AP Biology Lab Manual by taking students through 
a guided inquiry exploration of biotic and abiotic factors that influence the rates of 
enzymatic reactions. Students explore the catalytic activity of peroxidase, an enzyme that 
breaks down hydrogen peroxide, a toxic metabolic waste product of aerobic respiration, 
converting peroxide into water and oxygen gas. Guaiacol, an indicator, is used to measure 
the amount of oxygen released in the reaction. As students work through the investigation, 
they acquire skills to explore their own questions about enzymatic activity. Questions 
raised might include How will different pH buffers or temperatures affect reaction rates? and 
Which has a greater effect on the rate of reaction: changing the concentration of enzyme or the 
concentration of substrate? The investigation also provides students an opportunity to apply 
and review concepts they have studied previously, such as energy transfer, the levels of 
protein structure, and the role of enzymes in maintaining homeostasis.  




