Biology 11 – Ecology Notes


Ecology

ecology = the study of the interactions between organisms and their environment

It is thus an interaction between living (biotic) and non-living (abiotic) factors:

	Biotic factors

1. prokaryotes

2. plants

3. fungi

4. animals

5. (viruses)
	Abiotic factors

1. soil

2. temperature

3. light

4. air

5. water


Scope of ecology

From smallest to largest scale:

1. population

2. community

3. ecosystem 

4. biome

5. biosphere

Population ecology

population = all of the individuals of a species in an area

· deals with the factors that effect growth and death of populations

· an example of population-level ecology:

1. how does mortality of sockeye salmon fry effect their adult populations?

Community ecology

community = several different species in an area, interacting with each other

· deals with interactions between populations, such as predation or competition

· an example of community-level ecology:

1. how does sockeye salmon behaviour effect their predation by black bears?

Ecosystem ecology

ecosystem = the community interacting with its environment
· deals with the cycles of energy and nutrients from the environment to the community and back again

· an example of ecosystem-level ecology:

1. how does sockeye salmon predation effect the soil nutrients available to temperate rainforest trees?

Biome ecology

biome = a collection of related ecosystems in a specific climate

· relationships between ecosystems in a particular climatic zone

· an example of biome-level ecology:

1. how does temperate rainforest productivity effect global CO2 production?

Biosphere ecology

biosphere = all the Earth’s living things and their interactions with the environment

· deals with the relationships between ecosystems on a global scale

· an example of biosphere-level ecology:

1. how does atmospheric CO2 regulate the global temperature?

Growth rate

· all living populations have the ability to increase their size

growth rate (r) = the rate at which a population increases in number

· without outside influences, a population will increase by exponential growth

exponential growth = population size increases at a geometric rate, producing a “J” shaped curve

Carrying capacity

· every environment has a maximum population size for each population

carrying capacity (K) = the maximum sustainable population size for a population
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logistic growth = population size increases until it reaches K, producing an “S” shaped curve
Density-dependent and density-independent factors

Carrying capacities are effected by two different kinds of factors:

· density-dependent = vary according to population size (are consumed), e.g. nutrients, habitat 

· density-independent = unchanged by population size (cannot be consumed), e.g. temperature

Population cycles

· when K is fairly stable, a population will exist in equilibrium:

steady state = population with a fairly constant size near the carrying capacity

· in most environments, however, K varies with time and produces population cycles

· these may be a response to food, predators, diseases, or climate

Human population growth

· human population has grown exponentially over the last 500 years

· this is due to the fact that we have artificially increased K with technological and medical advances

· scientists are uncertain whether we can continue to increase K in the future, or whether there will be a population crash 

Community ecology

Community ecology covers a range of biological interactions:

competition = organisms competing for a limited resource (food, habitat, mates, etc.)

symbiosis = two species that live together 

predation = one species feeding upon another

Competition

interspecific = competition between species 

intraspecific = competition within a species

· contact can be direct (e.g. by aggressively defending a territory) or indirect (e.g. by consuming the same resource)

· to avoid competition, species will try to divide up the available resources and habitats

Commensalism

commensalism = symbiosis in which one partner benefits but the other has no gain or loss

Types of commensalism:

· using another organism for transportation (e.g. mite hitching a ride on an insect)

· using another organism for shelter (e.g. bird nesting in a tree)

· using a piece of an organism after it has died (e.g. hermit crab in a snail shell)

Mutualism

mutalism = symbiosis in which both partners benefit from their association

Types of mutualism:

· trading a resource for another resource (e.g. mycorrhizal fungi in plant roots)

· trading a resource for a service (e.g. pollination)

· trading a service for a service (e.g. ants living in and protecting acacia trees)
Parasitism

parasitism = symbiosis in which one partner benefits and the other is harmed

Types of parasitism:

· ectoparasites – live outside the host’s body (e.g. ticks)

· endoparasites – live inside the host’s body (e.g. liver flukes)

· kleptoparasites – steal resources from their ‘host’ (e.g. cuckoo eggs in other nests)

Predation
predation = when a carnivore kills and eats another organism (e.g. lions hunting water buffalo)

grazing = when a herbivore feeds on part of a plant, without killing it (e.g. cow eating grass)

parasitoids = similar to parasitism, but kills the host (e.g. wasps that lay their eggs in other insects)

Predatory adaptations

Predatory strategies depend on prey:

· predators must hunt and capture food

i. senses to detect prey (vision, smell, etc.)

ii. adaptations for chasing and capturing prey

iii. teeth for slicing and tearing

· grazers do not hunt because their prey is immobile

i. heavy shearing and grinding teeth

ii. chemicals that detoxify plant defenses

Anti-predator adaptations

· prey animals can actively resist predators:
i. avoid detection though hiding or disguise

ii. avoiding capture by forming large groups and defending themselves

iii. advertising their fitness to the predator

· plants must rely on passive defenses: hiding themselves, encouraging symbiotic defenders, thorns, or poisonous chemicals

Camouflage

camouflage = organisms that resemble their environment

· prey organisms camouflage to avoid being seen by predators

· predators camouflage to avoid being seen by prey

Warning colouration

· inedible or dangerous organisms often have obvious colours, sounds or odours

· this is the opposite of camouflage and mimicry: the goal is to advertise and encourage detection

· predators that eat these prey quickly learn to avoid them in the future

Mimicry

mimicry = organisms which resemble other organisms

1. Batesian – a harmless organism mimics a dangerous or poisonous one

2. Mullerian – two harmful organisms mimic each other and share protection

3. aggressive – predators or parasites which mimic harmless species in order to get close to their prey
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Ecological niche

niche = an organism’s role in the ecosystem, how it ‘makes a living’

All niches fit into one of three categories:
	1. producer
	2. consumer
	3. decomposer


Producers

· photoautotrophic organisms

· producers are the source of all energy in an ecosystem

· use photosynthesis to convert sun’s energy into chemical energy (sugar)

Consumers

· chemoheterotrophs

· there are three kinds of consumers:

1. primary consumers – feed directly on producers, a.k.a. herbivores

2. secondary consumers – feed on primary consumers, small predators

3. tertiary consumers – feed on secondary consumers, large predators
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Decomposers

· chemoheterotrophs

· decomposers obtain energy from the dead tissue of producers and consumers

· recycle nutrients (carbon, nitrogen, phosphorus, etc.) so that they are available to producers again

Food webs

· the sequence of organisms feeding on each other is called a food chain

· simple food chains are rare in nature, instead organisms will feed on several others, forming a complex food web

Energy flow

· energy flows from the sun to producers to the rest of the food chain, and from all organisms to decomposers

· each organism uses 90% of its energy staying alive, so only 10% transfers to the next link of the chain as food energy

· [image: image4.wmf]there is very little energy available to the top consumers, so they are always rare

Photosynthesis vs. cellular respiration

· these reactions provide energy for nearly all the organisms on Earth

· they are symmetrical; the products of one reaction are the reactants of the other:

photosynthesis: water + carbon dioxide → oxygen + sugar

respiration: oxygen + sugar → water + carbon dioxide

Carbon cycle

· carbon atoms are part of nearly all organic molecules

· stored in the atmosphere as CO2 and ocean as carbonate (CO3):
1. producers remove CO2 from atmosphere, eaten by consumers and decomposers

2. organisms release CO2 during respiration

3. carbon stored as fossil fuels is released when they are burned
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Nitrogen cycle

· nitrogen is part of protein molecules

· stored in the atmosphere as N2:

1. captured by bacteria in the soil and converted into NO3
2. taken up by producers and the consumers

3. recycled by decomposers

4. some is released back into atmosphere by other soil bacteria

Phosphorus cycle

· phosphorus is part of DNA and other key life molecules (fats, ATP)

· stored in rock as phosphates (PO3):
1. weathering of rocks releases phosphates

2. taken up by producers and then consumers

3. returned to the soil by decomposers

4. phosphate runoff accumulates in the oceans and is turned back into rock

Ecological succession

· ecosystems rarely remain stable forever

pioneer species = first to establish themselves in a new or disturbed (fire, flood, etc.) area. Have a high growth rate, but are not competitive.

climax community = the collection of species in an ecosystem once it has reached a steady state. These species are highly competitive but have slow growth rates.

Terrestrial biomes

· the distribution of land biomes is controlled by abiotic factors, mainly water and temperature

· global climate means temperature goes down as latitude increases north and south
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atmospheric circulation means that rainfall is high at the equator (0° latitude) and 60°, but much lower at 30°
Tropical rainforest

· equatorial forests containing half of all living plant and animal species

abiotic: high rainfall and temperature (low seasonality), poor soils

biotic: producers are angiosperm trees, consumers include many birds, mammals, insects, etc.

threats: habitat destruction for agriculture and lumber

Savanna

· equatorial grasslands with scattered trees that do not form a canopy

abiotic: moderate rainfall, with a distinct wet season, and high temperature

biotic: producers grasses and trees, consumers mostly large grazers and carnivores

threats: suppression of fire and big-game hunting by humans

Desert

· very dry shrublands found around 30° latitude

abiotic: very low rainfall, temperature can be high or low

biotic: producers are drought-tolerant grasses and cacti, consumers small mammals and reptiles

threats: global warming and overgrazing

Temperate grassland

· found between 30 and 60 degrees latitude north and south

abiotic: moderate rainfall and temperature, with high seasonality

biotic: producers are grasses, consumers are large grazers and carnivores

threats: habitat destruction for agriculture

Tundra

· polar grass and shrublands, low biodiversity

abiotic: low rainfall and temperature, deep soil is frozen year-round

biotic: producers are grasses, mosses, and lichens, consumers are rare grazers and carnivores

threats: airborne pollutants, petroleum exploitation, global warming

Gaia hypothesis

· proposed by William Golding in the 70’s as “the Earth feedback hypothesis”

· he proposed that the Earth (Gaia) was itself a ‘superentity’ which actively maintains stable levels of oxygen, temperature, etc.

What is the state of the biosphere?

· just as we are able to study the biosphere we are seeing it radically, effected by human actions

· species are going extinct at a rate hundreds of times higher than in history

· biologists studying both land and sea ecosystems have dire warnings

Global warming

· leading scientists agree that global warming is a real phenomenon, and that it is being accelerated by human actions

· most important cause is greenhouse gas emissions: these gases collect in the atmosphere and trap heat from the sun

· normal variations like the heat of the sun may also contribute to the effect

What are the threats to the biosphere?

· Habitat destruction – irresponsible destruction of habitat

· Invasive species – spread of foreign species

· Pollution – spread of foreign chemicals

· human overPopulation – increasing demand for space and resources

· Overharvesting – irresponsible destruction of prey populations
That spells: HIPPO!
What is the future of the biosphere?

· global temperatures will continue to increase

· warmer temperatures mean less polar ice and higher sea levels, increasing the risk of flooding for millions

· equatorial regions will get much less rain, causing drought in the most populated areas

· sensitive ecosystems like coral reefs will be destroyed

Can life be saved?

· it is very unlikely that human actions will totally destroy the biosphere

· more likely result is either a crash in human population or a huge reduction in biodiversity

· competitive species like rats, crows, etc. will dominate in an urban ‘ecosystem’

· several conservation programs exist which balance biological and economic concerns

Take home messages from Biology 11

· we share the Earth with an incredible diversity of other living things

· we depend upon these organisms for our survival, not vice versa

· every human action has consequences for the entire biosphere

time





carrying capacity





Logistic growth curve





steady state





population size





exponential growth





Poisonous species





Edible species





Batesian mimicry





Poisonous species





Poisonous species





Mullerian mimicry








PAGE  
16

[image: image7.jpg]low

Temperature

% A
temperate
grassland deciduous forest

iropical
deciduous forest

savanna

grassland

rain forest

Rainfall

Copyright © 2005 Pearson Prentice Hall, Inc.

high



