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Ecological Concepts 



Class Objectives 

•Identify the connections among ecology, fisheries and wildlife ecology, 
and fisheries and wildlife management 

 
•Differentiate between abiotic and biotic factors in an ecosystem 
 
•Define and describe the levels of organization 
 
•Compare and contrast species richness and species diversity 
 
•Differentiate between niche and habitat 
 
•Model feeding relationships using trophic structures and food webs 
 

•Compare and contrast terrestrial and aquatic succession 
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What is ECOLOGY? 
•Ecology: the study of the interrelationships of organisms with other  
 organisms (including HUMANS) and their environment 
 
•Fisheries ecology: the study of the interrelationships of organisms that  
 are considered to be a part of the fisheries realm 

with other organisms and their environment 
 
•Wildlife ecology: the study of the interrelationships of those organisms  
 generally considered to be under the purview of 

wildlife with other organisms and the environment 
 
 

habitat – populations – people 

Willis et al. 2009  



Ecosystems 
•Any ecosystem is composed of two factors: 

•Biotic factors: living parts of an ecosystem 
•Abiotic factors: non-living parts of an ecosystem 

 

grass 

trees 

woody debris 

plants 

sunlight 

water chemistry 

sediment 

temperature 

deer 

eagle 

Q1: Name some biotic factors 
characteristic of this 
ecosystem. 

 
Q2: Now, name some abiotic 

factors. 



Levels of Organization: Ecosystem 
Ecosystem 
 
includes the 
interaction of biotic 
and abiotic factors 



Levels of Organization: Community 
Community 
 
the living portion of 
an ecosystem 
 
 
 
 
 
 
 
 
 
 
Species richness 
 
Species diversity 



Species Richness vs. Diversity 

Willis et al. 2009  

Forest Community A 
n = 20, species present = 4 

 
DF: 15%  H: 30%  SS: 35%  WWP: 20% 

Forest Community B 
n = 20, species present = 4 

 
DF: 20%  H: 30%  SS: 25%  WWP: 25% 

Q3: Which forest community has higher or lower species richness, species 
evenness, and species diversity? 





Species Richness vs. Diversity 

Willis et al. 2009  

Forest Community A 
 

DF: 15%  H: 30%  SS: 35%  WWP: 20% 
 

species richness A = species richness B (4) 
lower species evenness 
lower species diversity 

Forest Community B 
 

DF: 20%  H: 30%  SS: 25%  WWP: 25% 
 

species richness B = species richness A (4) 
higher species evenness 
higher species diversity 



Levels of Organization: Population 
Population 
 
all of the individuals 
of a species within a 
specified area at a 
given time 
 
 
 
 
 
 
 
 
Meta-population 



Levels of Organization: Individual 
Individual 
 
an organism that 
exhibits the 
characteristics of life 
 
 
 



 
 
Biosphere 
 
All of the ecosystems 
on earth 

Levels of Organization 

individual 

population 

community 

ecosystem 



Ecological Questions 

ecosystem 
human effects 

landscape effects 
biogeochemical cycles 
(e.g., hydrologic and 

carbon cycles) 

population 
demo. rates 

pop. dynamics 
gene flow 

community 
predation/disease 
parasitism (+, -) 
competition (-, -) 
mutualism (+, +) 

individual 
behavior 

physiology 
adaptation 



Niche 

“…the position or role of a species within a given community” 
“…the relation of a species to a range of environments and communities” 
– Whittaker et al. 1973 

“…the environmental requirements of organisms” 
“…the per capita impact of organisms on the environment” 
– Leibold 1995 

“…a description of the ecological space occupied by a species”  
– Hutchinson 1957 

“…the place in an association occupied by a single species” 
– Grinnell 1917 

“…the ultimate distributional unit, within which each species is held by its 
structural and instinctive limitations” 
– Grinnell 1924 

“…the status of an animal in its community, to indicate what it is doing and not 
merely what it looks like” 
“…its place in the biotic environment, its relation to food and enemies” 
– Elton 1927 



Niche 
•Niche: the role or function of an organism in the biotic community or its  
 “occupation” 
 
•Role or function? What an organism eats, where it lives, its behavior, and 
how it interacts with other species… 

Q4: Discuss and describe the “niche” of your assigned species. 

B C D A 

honey 
bee 

mussel wolf minnow 

me 



Habitat 
•Niche ≠ habitat 
 
•Habitat: the place where an organism lives (Odum 1971) and reproduces 
 

Q5: Are there issues with this definition? If so, what are some? 
 
•The place where an organism lives and, perhaps, reproduces can change 

•Organisms migrate (e.g., reindeer) 
 

•Organisms require different habitat during different life history 
periods (e.g., salmon) 
 

•Organisms may shift habitats depending on the season (e.g., lake 
trout) or for predation or reproduction purposes  
 
 

Willis et al. 2009  



Range 
•Home range: the area within which an individual animal travels generally 
 
•Geographic range: the geographic boundaries within which a species  
 occurs 
 
•Example, Atlantic salmon (Salmo salar) 

Willis et al. 2009  

smolt 

adult 



Levels of Organization: Community 

community 
predation/disease 
parasitism (+, -) 
competition (-, -) 
mutualism (+, +) 



Feeding Relationships 
•Autotroph: an organism that makes its own food using energy from the  
 sun 
 

•Example, green algae and other phytoplankton 



Feeding Relationships 
•Heterotroph: an organism that feeds on other organisms 
 

•Example, mysid and other zooplankton, alewife, steelhead, Chinook 
salmon, etc. 



Feeding Relationships 
•Decomposer: an organism that feeds on dead matter 
 

•Example, bacteria 
 
 



Food Chain 
•Food chain: sequence of who eats whom in an ecosystem; the flow  
 of energy through an ecosystem 



Trophic Levels 
•Trophic level: the position an organism occupies in a food chain 
 

•Producer = autotrophs 
 
•Primary consumer = heterotrophs, herbivores, planktivores 
(consumers of phytoplankton) 

•Usually prey animals 
 
•Secondary consumer = heterotrophs, carnivores, planktivores 
(consumers of zooplankton) 

•Usually predators 
 
•Tertiary consumer = heterotrophs, carnivores, piscivores 
(consumers of fish) 

•Usually top predators in a community 
•Keystone species (ex) sea otters, wolves 



Trophic Levels 
Q6: Based on the model below, label the following trophic levels with these terms: 

producer, primary consumer, secondary consumer, tertiary consumer, and 
decomposer. 

4. ________ 

3. ________ 

2. ________ 

1. ________ 

5. ________ 



Energy and Biomass 
•What happens to energy and biomass as you move up a food chain? 
 
•Energy decreases 

•Energy is transferred up 
 

•But only 10% of the 
 energy is transferred 
 

•Biomass decreases 
 

producers 

secondary 
consumers 

tertiary 
consumers 

primary 
consumers 

producers 



Food Web 
•Lake Michigan food web 

NOAA Great Lakes Environmental Research Laboratory and Great Lakes Fishery Commission  



Levels of Organization: Ecosystem 

ecosystem 
human effects 

landscape effects 
biogeochemical cycles 
(e.g., hydrologic and 

carbon cycles) 



Succession 
•What is it? 
 

•Occurs when an ecosystem changes from an early stage to a 
more mature, relatively stable stage 

 
•Involves changes in the structure and function of the ecosystem 

 
•Can be reasonably predictable in terms of the dominant speices 
and other associated plants and animals that occur in various 
successional stages 
 

•Often discussed in terms of plant life, but can be discussed in 
terms of aquatic life, too! 



Types of Ecological Succession 
•Primary succession: occurs in ecosystems that are unchanged by living  
 organisms (e.g., development of a biotic 

community on bare rock) 
 
 
•Secondary succession: occurs in ecosystems that were previously  
 occupied by other organisms (e.g., 

development occuring in a cleared or burned 
field) 

 

Willis et al. 2009  



Ecological Succession 

Encyclopedia Britannica 2006 



Aquatic Succession 

https://myweb.rollins.edu 

•Aquatic succession: primary succession or ecosystem changes that  
 occur in water bodies 
 

 
•Involves the gradual filling-in of  
 the water body until a dry, 
terrestrial environment exists 
 

•Disturbances (e.g., floods) can  
 lead to secondary aquatic 
succession 

 



Succession: So What? 
•Why do we care? 
 

•It affects the occurrence and abundance of organisms and the 
composition of communities 
 

•Can use the known effects of succession to manage species 
 

•Provides us with an understanding of ecosystem stability and 
resistance to perturbations or disturbances, or ecosystem 
resilience 

Q7: Why might a measure of ecosystem resilience be significant from a 
fisheries and wildlife management perspective? 



Questions? 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Molly Good (goodmoll@msu.edu) 


