
BIG IDEA #2 

Biological systems utilize free energy and molecular 

building blocks to grow, to reproduce and to 

maintain dynamic homeostasis 



Objective:  You will be able to explain why organisms need 
a constant input of energy. 

Do Now: 

 Write down the statement below 

 

Enduring Understanding: Growth, reproduction and 

maintenance of the organization of living systems requires 

free energy and matter. 

 

In other words…WHY LIVING THINGS NEED ENERGY! 

 



Types of Energy 

Kinetic energy – associated with 

relative movement of objects 

 Ex. Thermal energy (heat) 

 

Potential energy – associated with 

location or structure 

 Ex. Chemical energy 

• Ex. Position of electrons in an atom 
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Figure 3.8 

Chemical energy in the bonds 



Organisms use free energy to maintain order and 
organization 

 Needs to be a constant input of energy into living things 

 Loss of order or free energy results in death 

 

Disorder is offset by biological processes that maintain or 
increase order 

 Can you name an example of a biological process that does this? 
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Essential Knowledge: Life requires a highly 
ordered system 



Predict what would happen to the plant on the left if the 

conditions continued to remain the same (Give 2 predictions) 
 

Provide reasoning for your prediction 
 

The plant on the right was 

placed in light.  The one 

on the left was placed in 

the dark 



Laws of Thermodynamics 

First law 

Second law 

 Every energy transfer or transformation increases 

the disorder (entropy) of the universe 

 Ex. Decay of an unmaintained building 

 Larger molecules represent order and are more 

unstable 

 They tend to break down spontaneously and 

increase disorder (entropy) 

 Restoring order requires constant energy input 
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Objective:  You will be able to explain why living systems 
do not violate the second law of thermodynamics. 

Do Now: 

 Compare your answers to questions 3-4 on the 

energy worksheet with a partner 



 An exergonic reaction proceeds with a net release 

of free energy and is spontaneous  

 ∆G is negative 



 An endergonic reaction absorbs free energy from 

its surroundings and is nonspontaneous 

 ∆G is positive 



Living things don’t violate the 2nd law… 
 

Order is maintained by coupling cellular processes 

that increase entropy with those that decrease 

entropy. (Take a minute and reword this to “English”) 

 Exergonic reactions break down larger molecules 

which releases energy  

C6H12O6 + 6O2                        6CO2 + 6H2O + Energy 

 

 

 

 Energy input must exceed free energy lost to entropy 

to maintain order and power cellular processes. 

 

 

 

Used to maintain 

order in cell  
ATP 
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Energy Coupling 

∆G= -7.3 

If the cell made 2 glutamine molecules, why might the cell 

need to break down 2 ATP molecules and not 1? 

Order 



The Role of ATP 

Energetically favorable exergonic reactions, such 

as ATP     ADP, that have a negative change in free 

energy can be used to maintain or increase order in 

a system by being coupled with reactions that have 

a positive free energy change. 



ATP powers cellular work by coupling exergonic 
reactions to endergonic reactions 
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Figure 6.10 

(a) Transport work: ATP phosphorylates transport proteins.  

(b) Mechanical work: ATP binds noncovalently to motor proteins 
 and then is hydrolyzed.  
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Objective: You will be able to provide examples of different energy 

strategies used to regulate body temperature and metabolism.  

 

List different ways that animals regulate their body 

temperatures 

 

 

 

Why is the regulation of body temperature 

important? 

 Enzymes shape AND function 



Endotherms – the use of 

thermal energy generated by 

metabolism to maintain 

homeostatic body temperatures  

Ectotherms – the use of 

thermal energy from outside 

body to help regulate and 

maintain body temperature 

Organisms use various strategies to regulate body 

temperature and metabolism (maintain homeostasis) 

Give a positive and a negative for 

each thermoregulation strategy 



Figure 40.7 



•Endothermic animals generate heat by metabolism; 

 Ex. Birds and mammals 

 Is more energetically expensive 

 Endotherms are active at a greater range of external temperatures 

 

 

 

 

•Ectothermic animals gain heat from external sources; 

 Ex. Most invertebrates, fishes, amphibians, and nonavian reptiles 

• Ectotherms can tolerate greater variation in internal temperature 
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Strategies that use 

energy differently 



Relate to energy… 

Thermoregulation Adaptations 
 

Do Now… 



Five adaptations help animals thermoregulate: 

 Insulation 

 Circulatory adaptations 

 Cooling by evaporative heat loss 

 Behavioral responses 

 Adjusting metabolic heat production 
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Only in endotherms 

Relate to energy… 



Even some plants can use internal energy for 
thermoregulation 

In plants, water availability drives metabolic rates 

 

If water levels decline, some plants can generate 

heat to increase their metabolic rate 



Objective:  You will be able to explain the connection 
between endothermy and body size to metabolism. 

Do Now: 

 Take out your case study and compare your 

answers to a neighbor 

 

 



Size and Metabolic Rate 

Which has a higher metabolic rate? 
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Which has a higher metabolic rate per unit body 

mass? 

 



Figure 40.19b 



Size and Metabolic Rate 

•Smaller animals have higher metabolic rates per 

gram than larger animals 

 

•Smaller animals have higher: 

 Oxygen delivery rates 

 Higher breathing rate 

 Heart rate 
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Objective: You will be able to provide examples of various 
strategies of energy use for the reproduction and retention 
of offspring. 

Do Now: 

 Based on your homework reading, what is meant by 

“trade-offs” 

 Write this answer in your notebook 



Energy Use 

Organisms require free energy to maintain 

homeostasis and for growth 

 

Reproduction and rearing of offspring also 

requires free energy 

 

Organisms have finite resources, which leads to 

trade-offs between survival and reproduction 

 Different organisms use various reproductive 

strategies in response to energy available 
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Life History 

 An organism’s life history comprises the traits that 
affect its schedule of reproduction and survival 

 

 There are three components: (Remember…there is only so much 
energy to divide up!) 

 

 The age at which reproduction begins 

 

 How often the organism reproduces 

 Semelparity, or big-bang reproduction 

 Iteroparity, or repeated reproduction 

 

 How many offspring are produced during each 
reproductive cycle 



Which life history strategy is better? 

Highly variable or unpredictable environments favor big-bang 

reproduction (Semelparity) 

 

 

 
 

Stable environments favor repeated reproduction (Iteroparity) 



Some plants produce a large number of small seeds, 

ensuring that at least some of them will grow and 

eventually reproduce 



(b) Brazil nut tree seeds 

      In seed pod 

Other types of plants produce a moderate number of 
large seeds that provide a large store of energy that 
will help seedlings become established 



Excess energy not needed for organization and/or 

reproduction results in energy storage and growth. 

 

Insufficient acquired free energy versus required 

free energy expenditure results in a loss of mass 

and, ultimately the death of an organism. 



Paired Work 
 

Describe 2 different strategies that organisms 

employ to use free energy for the following: 

 Variations in reproductive and offspring-rearing 

 Different metabolic rates 

 Physiological changes 



Objective:  You will be able to predict how changes in free 
energy availability affect organisms, populations and 
ecosystems. 

Do Now: 

 How does the second law of thermodynamics 

explain why an ecosystem’s energy supply must be 

continuously replenished? 



Changes in free energy availability can result in 
changes in population size. 

Phytoplankton 

 If the pond became inundated with sediment and 

the water became murky, predict what would 

happen to the phytoplankton. 

 

 Provide reasoning for your prediction. 
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Changes to free energy availability can result in 
disruptions to an ecosystem.  

Any change to the producer level can affect the number and 

size of other trophic levels 

 

 

Why? 
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Changes to free energy availability can result in 
disruptions to an ecosystem.  

Change in energy resource levels such as sunlight can 

affect the number and size of other trophic levels 

 

 

Why? 



The diagram below represents a food chain found in a rural area to the east of 
Los Angeles.  Due to air pollution from the city, smog has affected this rural 
area and reduced the total amount of sunlight hitting the ground.  

• Predict 2 consequences the smog will have on: 

• An individual plant 

• A populations 

• The ecosystem 

 

• Explain the reasoning for your predictions 


