I. What is Ecology?
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A. Definition:

The study of the interactions of organisms with one another and with their environment. - Ricklefs Glossary

Because these interactions with the environment determine whether the organism can survive or not, these interactions determine, in part, the distribution and abundance of organisms.

So, ecology is often defined as: “The scientific study of the distribution and abundance of organisms and their interactions with the environment.”

These interactions can determine the distribution and abundance of organisms across space (where they live at a given time) and through time (when in the ecological development of a community they live).

 B. What it is Not:
Ecology is a basic, primary science, like cell biology, genetics, or physiology.  Conclusions from ecology can have important applications in applied sciences, like applied ecology, conservation biology, or sustainability science.  So, while we will discuss topics that may be relevant to these disciplines and goals, that is not the underlying directive of the class.  So, just like a class in human physiology is not a class in curing human disease (medicine), ecology is not a class in sustainability or curing planetary problems.  But we can’t expect to cure planetary or human disease without a knowledge of the sciences of ecology and human physiology.
Likewise, ecology does not have a social or political agenda, other than searching for truth about the physical universe (science).  Many organizations like Greenpeace, or Earth Liberation Front, or Exxon-Mobil confuse this issue.

Finally, while ecological knowledge, like all knowledge, informs a personal perspective and informs personal philosophy, ecology is not a philosophy.  But a branch of philosophy has evolved that is based upon values derived from an interpretation of ecological principles.  This is called “deep ecology”.
C. The Challenge
A living cell is complex, and all things made of cells have emergent levels of complexity at each hierarchical scale of organization.  In addition, living things are DIVERSE, encoded by different genetic programs, living in different environments, and interacting with different sets of organisms.  So, experiments and conclusions drawn from one system may or may not apply to others.  As such, ecology can seem like an accumulation of anecdotal stories with few general principles.  
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These interactions are dynamic:

 - developmental changes at the individual level

 - changes in abundance, birth/death rates, genetic structure at a populational level

 - changes in community composition over time: succession

 - evolutionary changes over geologic time

That makes ecology both difficult to study and difficult to do.  It can seem that ecology is simply an accumulation of anecdotal stories with few unifying theories.  But it also makes it interesting and fun.

II. Approaches in Ecology
A. Biological Scales
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These interactions between organisms and the environment play out across all biological scales from the organism up.  Typically, ecologists focus at one level of biological organization, or may examine how interactions and dynamics at one level affect a neighboring level.  But, as in all studies of biology, you must know where you are in this hierarchy.  And, as in all complex systems, each level has emergent properties that are only expressed at that level of organization, and are not necessarily predictable based on levels that comprise it.  Individuals don’t have a “density” per unit area; there are either in a place or not.  However, at the population level, we can describe population density as the number of individuals per unit area.  A population belongs to one species.  But in a community, we can count the number of species represented by all the organisms/populations in the area.  So at each level in structural organization, there are properties that emerge at that level that were not present at lower levels.

Individuals interacting with environment: harvesting energy, excreting waste, tolerating abiotic conditions. The focus here is usually on physiological, morphological, or behavioral responses of individuals to the environment.
Populations of individuals: distribution in space/time/demography/genetics, rate of reproduction/death. The focus here is on evolved adaptations to the environment – genetic changes in populations and their consequences. Also, interactions between organisms within a population, like mating or territorial behavior and affects on reproductive fitness at the populational level.
Communities of populations: diversity, interactions of predation, competition, mutualism and how these interactions affect the numbers of individuals in populations (exclusion?) and patterns in diversity.
Ecosystems: Focuses on the flux of energy and matter through the community and between the living community and non-living sub-systems (atmosphere, hydrosphere, lithosphere/soil).
Biosphere: the totality of life and its effects on energy balance and flux through Earth systems (atmosphere, lithosphere, etc.)

B. Energy and Dynamic States

All living systems are governed by the laws of physics and chemistry. In particular the laws of thermodynamics are particularly evident:

First Law: Energy and matter cannot be created or destroyed – they can only be converted into different forms.

Second law: No chemical energy transformation is 100% efficient.

Since life is always processing energy, the “stasis” that we perceive—in body size of an individual, in the number of individuals in a population, in the herbivore biomass on the Serengheti—is really a dynamic equilibrium between ‘additive’ and ‘subtractive’ processes:
 - body mass: food in – waste out

 - population size: (births + immigrants) – (deaths + emmigrants)

 - herbivore biomass: changes in population size and individual growth rates


C. Ecological Roles
These interactions often involve the flow of energy and matter (and information through communication) between organisms, populations, communities, and ecosystems within the biosphere.
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 - the evolution of ecosystems:
It is important to appreciate that bacteria created the first ecosystems, and continue to be major drivers of ecosystems, today.  They were the first primary producers, and continue to contribute ~40% of the global NPP.  They were the first consumers, and continue to consume living things as pathogens.  They were the first decomposers, and continue to be the primary decomposing organisms on the planet, with fungi.  They established mutualistic relationships (of which eukaryotes are a product), and almost all animals and plants continue to harbor mutualistic bacteria today.
 - chains, pyramids, and webs:

A food chain shows one pathway of “who eats who”.  But it doesn’t say who else eats who.

A food pyramid shows how much energy is transferred from producers to herbivores to carnivores, but fails to recognize the importance of decomposer food cahins that recycle energy through heterotrophic linkages.

Webs try and show all consumer linkages in a community, and highlight the possibility of INDIRECT effects…. A eats B and C, but B eats C, too.  So, if A eats more of B, then it can actually have an indirect positive effect on C, by removing one of C’s predators… even though A also has a direct negative effect on C through its own predation.


Chain:





Pyramid:
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II. Why is Ecology Important to Humanity?
A. It describes our interactions with the environment, too

1. Humans are part of nature, and interact with the environment:

- we are smart, social and technologically advanced predators, and can drive other species to extinction. 
 - we facilitate the population growth of other species at every trophic level:


 - crops (primary producers)


 - livestock (herbivores)


 - pets (predators)

2. Ecology describes our population growth and, with other environmental sciences, describes the effects we are having on every earth system 

 - Biosphere:  We are using 40% of NPP, causing one of six mass extinction events in earth history

 - Atmosphere: We are changing the composition of the atmosphere and patterns of energy flow

 - Hydrosphere: We sequester 50% of the freshwater on the planet for our own use, and are changing the pH of the oceans

 - Lithosphere: Through mountaintop removal, we are a geological force.
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3. It explains the value of Biodiversity
a. Utilitarian value:  We use other species as physiological models, and as sources of compounds for drugs and other materials; in addition to recreational use (hunting, fishing) which has a serious economic impact. 
- THE LOSS OF GENETIC INFORMATION IS FOREVER. 
b. Ecological value: Diverse communities are more productive and more resistant to change than less diverse communities.  They provide ‘ecosystem services’ like cleaning water, cleaning air, fertilizing soils, and producing food more effectively than low diversity systems.   Resistance to change means they are more stable – more sustainable over time. 
c. Asthetic/Inherent value: Are we emotionally enriched by it? Do we have an obligation to assist species imperiled by our actions? 

And that’s why every biology major must take ecology, and why every FU student must take a course in sustainability…

Study Questions:
1. Define ecology.
2. How do ecology and conservation biology differ?

3. Describe two reasons why ecological interactions can change.
4. What scales of biological organization are studied in ecology?  Name a measurement that you can make at one scale that you cannot make at other scales.

5. What roles do bacteria play in ecological systems?
6. What ecologically important interactions are revealed in webs that are not revealed in chains?
7. Describe one effect humans have had on each of the other earth systems (see ppt).
8. List three broad benefits of biodiversity.
9. What are the two laws of thermodynamics, and how are they reflected in ecology?
Primary Producers fix energy in sunlight and build/absorb organic molecules….some bacteria, some protists, and plants.








decomposers eat dead material. and release nutrients to the soil.  bacteria and fungi.





Consumers eat primary producers, decomposers, and other consumers as herbivores, predators, scavengers, detritovores, and parasites… some bacteria, some protists, and animals.





Web:    So, insectivorous birds eat herbivorous insects AND predaceous insects, who eat herbivorous insects, too.  So, if birds prefer predaceous insects, then they indirectly HELP herbivorous insects, even though they exert a direct negative effect on them, also.  If birds prefer herbivorous insects, then predaceous insects get hammered; they are eaten by birds, and outcompeted by birds.











