
Ecosystems & Energy 



ECOLOGY 
•  The study of living organisms 
and their interaction with the 
nonliving environment 
 



Historical Background 

•      

•  Ernst Haeckel, 1800’s 
 

Eco = “house” ology = “study of” 

BIOTIC  ABIOTIC 



What Ecologists Study 
Concerned with levels of 
organization ABOVE  
population 



Realms of Ecology 
A. Organisms 
B. Populations 
C. Communities 
 D. Ecosystems 
E. Ecosphere 



Inhabitants of Ecosystems 
•  Communities contain specific 

organisms 
•  They are adapted to a specific 
set of environmental conditions           
 





VI. Chesapeake Bay 
•  Salinity gradient set up by fresh 

water flowing into bay 
•  1 Ecosystem, 3 Communities 
 A. River  (fresh) 

 B. Estuary (brackish) 
 C. Bay  (salt)  
 





Chesapeake Communites 
•  River = 

organisms adapted to fresh water 
 

Examples: trout, bass, frogs, 
turtles, voles, aquatic insects, 
ducks 

 



•  Estuary 
Chesapeake Communites 

–  Brackish (salt marsh): 
organisms adapted to low salinity 

 – Ex: cordgrass, periwinkles, 
seaside sparrows, shorebirds, 
horseflies, mosquito fish 

 



•  Bay: 
Chesapeake Communites 

–  Salt Water: organisms 
adapted to high salinity 

 – Ex: crabs, croaker, flatfish, 
anchovies, gulls 

 



•  Abiotic factors??? 
•  Biotic factors? 



The Energy of Life 
•  Energy: ability to do work! 

•  Forms of Energy 
 

ü Chemical energy 

 ü Nuclear energy 
ü  Solar energy 

 ü Heat energy 
 ü Mechanical and Electrical 
 



Potential Energy 
•  Energy due to position 

(gravitational or electrical) 
or chemical bonds 
Stored energy 



•  Position: boulder at the 
top of the hill, water 
behind a dam, stick of 
dynamite 

Potential Energy 
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•  Chemical: tank of 
gas, hamburger 
 





Kinetic Energy 
•  Energy due to motion or action 

–  Electromagnetic waves (light), 
heat, motion, electrical current 

 •  A moving truck has the ability to 
flatten you - do work on you! 
 





Physical Changes: Change of State 

Energy is required in one direction and given 
off in another 



Chemical Changes: Reactions 

•  Energy is required in one direction and 
given off in another 

+ ----> 

•  Chemical reactions =  
 ü bonds in reactants breaking 
ü  forming new ones to create products 

 





Thermodynamics: 
the Study of Energy        

 Transformations 



1st Law of Thermodynamics 
•  Energy 

cannot be 
created nor 
destroyed 
•  May change 
from one 
form to 
another  

 



Transfer of Energy 



Transfer of Energy from  
One Type to Another 



2nd Law of Thermodynamics 
Energy Available To Do Work 

Decreases Over Time 

•  No reaction is 100% efficient 
 

•  Systems spontaneously increase 
entropy 

 •  Heat flows from hot to cold 

•  All reactions lose energy. 



Entropy 
•  Entropy = amount of disorder 

in a system 
•  Entropy always increases over 
time (in absence of an input of 
outside energy) 
 

•  Example:  cleaning                                               
up your room ... 
 



What Happens as Energy Moves 
Through a Food Chain? 

•  Energy is lost as heat  in each 
transformation 



Measuring Energy 
Two units commonly used: 
•  Calories (c): amount of energy 
it takes to raise one g of water 1 
oC 
 
•  Calories in food (C) = 
kilocalories(kcal) = 1000 calories 
 
•  Joules (J): 4.18 Joules = 1 calorie 
 





How Energy Enters Ecosystems 
A. Sun is ultimate source of 

energy for most ecosystems! 
 1. Photosynthesis 

 6CO2 +12H2O+Sun ----> 
C6H1206 + 6H2O + 6O2 







How Does Energy  
Move Through 
Ecosystems?   



Energy Flow in Ecosystems 
•  Producers:    
   

  •  Consumers: 

•  Decomposers: Saprotrophs 
 

Heterotrophs 

Phototrophs 
Chemotrophs 

 



Producers 

• Plants/Algae/Bacteria 

1. Phototrophs:Use solar radiation 
to produce sugars (photosynthesis) 



Producers 
2. Chemotrophs:Use H2S to produce 

sugars                                  
(chemo-synthesis) 

•  Bacteria 



Consumers 
1. Heterotrophs: Break down stored 

sugars (aerobic respiration) 
 C6H1206 + 6H2O + 6O2 ----> 

6CO2 + 12H2O + Energy 
 a. Primary consumers:    
        Herbivores 
 



b. Secondary Consumers:       
     Carnivores 

Heterotrophs 

 c. Tertiary Consumers:                  
   TOP Carnivores 

 d. Other Consumers:       
 Omnivores & Detritivores 

 



Decomposers 
1. Saprotrophs: Feed off dead 

organic matter in soil, release 
nutrients. 

•  Fungi and Bacteria 



Who Eats Whom? 

D. Food Chains (simple) 

 
E.  Food Webs (complex) 
 F. Trophic Levels: Energy 
flows from one trophic level  
to another 





• Show multiple ways 
energy can move through 
an ecosystem 

FOOD WEBS 

•  The more connections, the 
more  stable the ecosystem 
 





What Happens as Energy Moves 
Through a Food Chain? 

A. Organisms are not 100% 
efficient 

B. Only 10% of the energy at 
one level makes it to the next 
level (90% lost) 

 



What Happens as Energy Moves 
Through a Food Chain? 

C. Energy is lost primarily as 
heat  in each transformation 
1. sometimes light 
(bioluminescence) 

 2. sometimes electricity               
(electric eels) 

 



Implications 
D. Usually no more than 3-4 

levels in a food chain 

1. Fewer and fewer organisms 
in the food chain as you go up 
 



Food Web Example 



E. Pyramid of Numbers 
•  Shows # of indiv. at each trophic 

level 
1. If big difference in SIZE of 
organisms, will be irregular 





1. Biomass: Mass of organic 
material 

F. Pyramid of Biomass 

2. Not a typical pyramid shape 
3. Consumers may eat most of 
producers as they are made 
 





•  Always have a pyramid shape 
G. Pyramid of Energy 

 1. Energy is always lost as you go up 
 2. Shape = the 10% rule 

3. More energy is maintained if 
there are fewer levels  
 • why we should eat lower off 

the food chain? 
 











How Can We Compare Ecosystems? 

A. Energy is used  

 1. During photosynthesis 
 

2. During cellular respiration 
 







Gross Primary Productivity (GPP) 
B. The rate at which energy is 

captured during 
photosynthesis 

 1. Is all this energy stored as 
sugar ??? 
 



Net Primary Productivity (NPP) 
C. Energy that remains in 

plant tissue after cellular 
respiration 
1.  NPP is available to 
consumers 

 2. NPP = GPP -  Respiration 

 



What Ecosystems Have High NPP? 
•  Per unit area: 




