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Ecosystem defined 

Biotic + abiotic components 
 
Energy and chemical flows between living 
and non-living elements 
 
Mass-balance  
 
Box/arrow diagrams 



Biogeochemistry –  
 
fluxes, transformations, and interactions of carbon, 
nutrients, and energy 
~ black box organisms (ooze) 
 
Ecosystem ecology –  
 
how energy and nutrient fluxes affect biota 
~ named organisms 
 
 
 
 

Types of Questions 



In lakes 
 
Sources and fate of primary production 
 Autocthonous (from within) 
 Allocthonous (from outside) 
 
Energy transfers 
 
Nutrient stoichiometry 
 
Manipulations of entire systems 
 
 
 
 
 

Types of Questions 



 

 

Secondary consumer 

Primary consumer 

Producer 

Tertiary consumer 

Food chain  Trophic structure 

Energy/Nutrients 

http://images.google.com/imgres?imgurl=http://www.ci.edmonds.wa.us/Discovery_Programs Website/Life/Plankton & Isopods/Phytoplankton.jpg&imgrefurl=http://www.ci.edmonds.wa.us/Discovery_Programs Website/Plants_Algea_Plankton.html&h=150&w=200&sz=6&tbnid=ooK4vzVELaYJ:&tbnh=74&tbnw=98&start=4&prev=/images?q=algae+plankton&hl=en&lr=&ie=UTF-8&sa=G&as_qdr=all�
http://www.copper.org/environment/NACE02225/images/daphnia.jpg�
http://images.google.com/imgres?imgurl=http://www.seagrant.wisc.edu/greatlakesfish/Graphics/Shedd_Alewife.jpg&imgrefurl=http://www.seagrant.wisc.edu/greatlakesfish/falewife1.html&h=168&w=252&sz=13&tbnid=dWocAyqL8AQJ:&tbnh=70&tbnw=105&start=1&prev=/images?q=alewife&hl=en&lr=&ie=UTF-8&sa=G&as_qdr=all�


Omnivory 
 

Complicates things? 
 
 
Is omnivory important in aquatic systems?  
 
 
 
 



Omnivory 
 Feeding depends on “ontogeny”  

= development of organisms 
through time  
 
 
 
 

Copepod immature herbivores 
Copepod adults  carnivores 

Small green frog tadpoles grazers 
Large green frog tadpoles  omnivores 

Trout fingerlings  planktivores 
Trout adults  piscivores 



1st Law of thermodynamics:  
energy is neither created nor destroyed, only 
transformed 
 
2nd Law of thermodynamics:  
internal losses during energy transfer  
(waste heat) 



Energy pyramid 

CO2 + heat CO2 + heat 
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Microbial loop 

Fig. 9.6 



Fish production 

Demonstration of top-down or bottom-up? 
Change in composition  lack of O2 

Fig. 9.5 



Trophic Level 

Biomass 

Not necessarily biomass pyramid 

Production 

= 

Trophic Level 

Biomass 

Aquatic systems: 
 
Inverted Pyramid 

Autotrophs primarily unicellular 
Rapid growth 
 



- Light + Light 

Measuring net primary productivity 

Dark Bottle Light Bottle 
Respiration Gross PP 

Net PP = Gross PP - Respiration 



water surface 

in situ measurements 
String bottles across depth gradient 

Light 

Problems? 
C-14 marker method 

Measuring net primary productivity 



Experimental ecosystem ecology 

Manipulate entire ecosystem 
 
Control and treatment 



Large-Scale Experiment Resolves Debate about P 
Experimental Lakes Area, Ontario Canada 

Lake 226 

+ C, N 

+ C, N, P 

David Schindler and Colleagues 



Light 

Add lime: 
 increase pH,  
 precipitate brown humic colloids 
 increase transparency 
 increase primary production 

Arthur Hasler’s Hypothesis:   
Lake productivity in humic lakes is limited by low light 

Arthur Hasler:  Lakes are too complex to study in the lab 



Paul Lake 

Peter Lake 

Permanent Dike 

Arthur Hasler’s Hypothesis:   
Lake productivity in dark-stained 
lakes is limited by low light 



Biotic changes 
 
Water clear 
 
Large, easily seen 
pulex replaced by 
cryptic rosea 

Leavitt et al. 1989 



Experimental ecosystem ecology 

Manipulate entire ecosystem 
 
Pros? 
 
Cons? 
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