
Introduction to Ecology
Definition – what is ecology?

What are the branches of ecology?
What do ecologists do? (two examples)

The Scientific Method (a cautionary tale)
Why study ecology?

Reading: Chapter 1 (all pages)



What is ecology?

• Taken from the Greek words
– oikos = “house” 
– logy = “the study of”

• Ecology = the scientific study of the 
relationships between organisms & their 
environment.  (“Biology in context”)

• Includes:
– Physical conditions experienced by an organism = abiotic
– The biological or living components that make up an 

organism’s surroundings = biotic



Examples of Biotic vs. Abiotic Factors

• Biotic – “biological” environment:
– Neighbors, predators, prey, parasites, etc.

• Abiotic – non-living factors:
– Moisture
– Temperature 
– Sunlight
– Nutrients 
– Salinity

“energy environment”

“chemical environment”

(common concerns of physiological and ecosystems ecology)

(common concerns of population and community ecology)



Other definitions:

• Ecology studies the “factors affecting the 
density and distribution of organisms” (a good 
definition of population ecology, but less good 
for other subdisciplines)



Ecology vs. “Natural History”

• Natural history provides a 
descriptive account of organisms 
and their environment (a historical 
and conceptual foundation for 
ecology, but not ecology per se)

• Ecology is a quantitative science that tests   
hypotheses, and often incorporates theory (e.g. 
evolution by natural selection). 

(see page 2 in your text)

http://www.amazon.com/



Ecology vs. “Environmentalism”
• Ecology is a branch of science
• Environmentalism (or environmental activism) is a 

social and political movement (that sometimes draws 
on science but is distinct from science - see page 2 in 
your text).

http://support.greenpeace.ca/

(note the analogy to “science vs. technology”)



Branches of Ecology:

• Hierarchical organization – according to level of 
organization

• Conceptual organization – according to 
theoretical construct or processes studied

• Taxonomic – according to organisms studied
• Time/Place - According to time/place
• Methodological organization – according to 

method used (or technology used) 
• Theoretical vs. applied (problem solving) - etc.-



Hierarchical Structure of Ecological 
Systems

• Organism = fundamental unit of ecology.
– No smaller unit in biology has an independent life in the 

environment.

• Population = a group of individuals of a single species 
inhabiting a specific area (c.f. all the individuals of a given 
species)

• Community = an association of interacting species living in a 
particular area.

• Ecosystem = a biological community plus all of the abiotic
factors influencing that community.

• Biosphere = the aggregation of all ecosystems (the sum of all 
of the organisms of the earth and their environment).  The 
living zone of the planet.



Hierarchical 
Organization 

of Ecology

Global ecology Ecosystems ecology

Population ecology

Community ecology

Physiological
ecology

Microbial ecology(c.f. figure 1.1)



Temporal & spatial scales are 
often linked

Time

----------- Ecophysiology ------------

------ Population Ecology -------

Community  & Landscape
Ecology 

-------- Global Ecology --------

sec/min/hour day/wk year century millenia etc.

mm

m

km

Whole
Earth



What level of ecological hierarchy is illustrated?

Customer image on Amazon.com 
(from the Heyday of Natural History)

(it depends upon the question !)



Examples of questions asked:

• Ecophysiology – how does an organism adapt to 
temperature extremes?

• Population – is the population increasing or decreasing, 
and why?  What controls population size?

• Community – who eats whom?  What happens to the 
community when you remove a top predator?

• Landscape – what happens to adjacent communities as 
a forest becomes fragmented into smaller patches?

• Ecosystems – what controls the flow of energy and 
nutrients through an ecosystem?

• Global – how is the biosphere responding to increasing 
atmospheric carbon dioxide levels?



Examples of “Conceptual” Divisions in 
Ecology:

• Descriptive (e.g. natural history approach)

• Functional (according to functional properties)

• Evolutionary ecology (according to 
evolutionary concepts)

…leading to other types of questions …



Other Classes of Ecological Questions

1. What Questions: (Descriptive ecology)

• What organisms & environments occur in a given area? 
What are their distributions?  What are their quantities?

2. How Questions: (Functional ecology) 

• How are organisms & environments functionally related?  
How are relations similar & different in similar/different 
ecosystems?

3. Why Questions: (Evolutionary ecology)

• Why are organisms functionally related to each other & 
their environments in certain ways & not others? or in 
certain ecosystems & not others?



Many other ways to subdivide ecology, 

(A) Taxonomic: plant ecology, animal 
ecology, microbial ecology, avian 
ecology, etc.

(B) Time/Place: marine ecology, tropical 
ecology, freshwater ecology, paleo-
ecology

(C) Processes: behavioral ecology, 
physiological ecology, evolutionary 
ecology

Branches of Ecology



Two examples from the text (Ch. 1)



Example 1: Ecology of Forest Birds

• MacArthur (1958) studied the ecology of five 
species of warblers in spruce forests in North 
America

– Predicted that species with identical ecological 
requirements could not coexist indefinitely (due to
competitive exclusion).

– Divided trees into zones & determined how much 
time individuals of each species spent in each 
zone.





Warbler Feeding Zones

• Found that warblers were able to coexist by feeding in 
different zones of trees.

• Morse (1980) found that aggression between warbler 
species maintained their distinctive feeding zones.

Fig. 1.2
Molles & Cahill 2008



Example 2: Ecosystem Experiment

• What causes clear lakes to undergo eutrophication and 
become cloudy?

– Eutrophication = nutrient enrichment of a lake which can 
cause rapid algal growth & ↓ oxygen levels.

– Algae clearly were growing because of nutrient additions, but 
what nutrient?

– Lab experiments were inconclusive so whole-lake experiments 
were needed.

– Schindler (1974) led experiments involving additions of 
nutrients to entire lakes in the Experimental Lakes Area (ELA) 
in Ontario.



Eutrophication Experiment

• C & N added to one 
basin.

• P, C, N added to the other 
basin.

• The part of the lake with 
additional phosphorus 
turned green with algae.

• Phosphorous = main 
cause of eutrophication

– Main source of P = 
household detergents

Carbon + 
Nitrogen

Carbon + Nitrogen 
Phosphorus

Figure 1.5 in Molles & Cahill 



A few words about the scientific method…



How Do Ecologists Study the Natural 
World?

• Ecologists, like other scientists, often employ 
the scientific method to answer questions:

– A set of rules & steps followed by 
researchers/investigators in the natural sciences

– Consists of:

• Observation & descriptions of natural phenomena

• Developing hypotheses

• Testing the predictions of the hypotheses



What is a hypothesis?

• A hypothesis is a tentative explanation of a phenomenon. 

• A prediction based upon past experience. 

• It's an "educated guess" about what you expect to 
happen. 

• Hypotheses should be testable via experimental 
procedures or field studies

• A hypothesis can be refuted, but it CANNOT BE PROVEN 
CORRECT. 

– It is impossible to perform enough experiments to be certain 
that the answer will always be the same, and that the same 
explanation will hold true.



What is a hypothesis?
• Null hypothesis testing in statistics

– Null hypothesis
• A hypothesis that is set up to be nullified or refuted

• Stated in terms of "no difference” between observed results and 
expected results

• Is presumed true until statistical evidence indicates otherwise

– Alternative hypothesis
• A rival hypothesis that assumes the opposite of the null hypothesis

Example:

Null hypothesis (Ho):  Particle size does not affect the 
distribution of snails in the littoral zone.

Alternative hypothesis (Ha): Particle size does affect the 
distribution of snails in the littoral zone.



The Scientific Method

“Typical” steps:

Observation
Hypothesis Formulation
Prediction
Test hypothesis via “experiment” 

(e.g. treatment and control 
with replication)

Data Collection
Data Analysis
Conclusion



How do we apply the “scientific method” to this ?



Pitfalls to Ecological Studies

• Many ecological questions can not be easily  tested with 
conventional experiments
– Too large or too complex (or too small and complex!)
– Too many variables (we cannot control factors)
– Patterns may have evolved over long periods (or may be very 

fast and escape our notice)
– Cannot be replicated

• A correlation does not imply causation
– Mechanisms need to be determined independently

• More than one explanation may fit a situation equally well 
- avoid simplistic, one dimensional hypotheses; consider alternatives



Other "constraints" of Scientific Method in Ecology

Multiple causation

The Scientific Method assumes alternative hypotheses are 
mutually exclusive
-Can we identify all factors that contribute to pattern?
-Can we determine relative importance of each factor?

-Does it vary among with the context?

Scale

Patterns (& mechanisms) can change as spatial & temporal 
scale changes (e.g. concept of emergent properties)



Examples of Approaches to These 
Problems

• Microcosms can be useful:
– They replicate essential features of a larger system 

in a more controlled laboratory or field setting

Rogowski (2006) used 
mesocosms to investigate the 
effects of mosquitofish & 
crayfish on populations of 
White Sands pupfish



Approaches to Problems (cont’d):

• Mathematical models are powerful tools:

– Mathematical formulations are used to represent 
natural processes

– Portrays our understanding of how a system works

– Can test hypotheses by comparing modelled
results to what really occurs or by comparing 
modelled “treatments and controls”



Ecology has multiple “scientific methods:”

Controlled experiments testing hypotheses

“Natural experiments” – let nature do the manipulation

Monitoring – e.g. field instrumentation, remote sensing

Modeling – e.g. population models, ecosystem models



--- Lecture stopped here ---

Material below to be continued at a 
later date.

Costanza et al. (1997) (see below) to 
be discussed again at the end of the 
semester under the final topics of 
“Ecological Economics”



• Because it’s fascinating! - How do natural 
systems work?

• Because it’s practical – helps manage 
resources and our economy.

Why Study Ecology?

- Humans harvest biotic resources from environment (i.e., lumber)

 "market value”

- Humans receive many "services" from nature (i.e., water purification)
 "non-market value”

- Humans have detrimental effects on resources & services
Need to understand when, how & why natural ecosystems fail to work.

• Because ecological knowledge is essential for an informed citizenry.



Costanza et al. 1997. 
Nature 387:253-260
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