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 UNIT 1: Part A  
Life Science: Sustainability of Ecosystems

Introduction: Paradigm Shifts and Sustainability

Paradigm shifts are rare and significant changes in the ways that humans view the world.  It can be viewed as a change in attitude, values or beliefs about the world. They are major changes that are controversial when first proposed but eventually come to be accepted as major advancements in scientific knowledge and understanding.  For example, the earth is round and not flat; the earth rotates around the sun.
A paradigm is defined as the set of values and beliefs, as well as the body of knowledge brought to the evaluation of any situation or decision.

What are our paradigms about our environment? Have they changed?  Does everyone have the same attitude about the environment?  For example, the developers of a golf course may well believe that such a venture is good for tourism and the economy and that it is the right of developers and entrepreneurs to pursue such projects.  Others may believe that insecticides and herbicides used on golf courses may damage nearby salmon rivers or water systems and that clear cutting may cause erosion and ecological damage.  They may argue that a salmon river has just as much to offer the economy and tourism as a golf course.  What is your paradigm?
There are many issues facing our province that cause us to re-examine our paradigms.  Should ATV’s use hiking trails?  Should we be permitted to drive gas guzzling SUV’s?  Should we be able to increase shrimp quotas to compensate for the downfall of the cod fishery?  Are fish farms the answer?
Ecological Paradigms of the Past:  Humans have had various beliefs about how they should treat the natural world around them.  In Genesis 1:28 it says “be fruitful and multiply, and fill the earth and subdue it; and have dominion over the fish of the sea and over the birds of the air and over every living thing that moves upon the earth.”  The attitude that we are the owners and masters of our environment has long shaped how we have treated it.
It was believed that there would always be enough trees in the forest and fish in the sea.  In recent years, two things have caused a paradigm shift.  First, a major catastrophe can quickly awaken us to the fact we may have to change how we feel about our environment.  The collapse of the cod fishery and the Walkerton water contamination scandal have caused us to re-examine our paradigms.  Secondly, as scientists increase our knowledge of ecosystems and the environment, we have a larger knowledge base to use when we make decisions.  Changing our values and beliefs based on our knowledge and experience is called a paradigm shift.  
Sustainable System:  This is a system that survives and functions over time.  It is one that meets the needs of present generations while considering the needs of future generations.

Many systems must be managed so that they will replenish themselves or be available for the use of future generations.  This includes the natural resource industry such as forestry, fishery, agriculture, aquaculture and so on.  This also includes non-renewable resources such as coal, oil, gas, copper, iron, sulfur and aluminum.

Since recent ecological damage to the fishery and rainforests, people have changed their views on how we should treat our resources.  A major shift in the paradigm has been a belief that resources should be used so that they are not permanently damaged or depleted.  We have learned some painful lessons in the past that have lead us to a paradigm shift.

Journal

Comment on the following ideas;


“Progress is the production of more goods”


“Science and technology will solve our problems”


“All nature was placed on earth for our use”


“Resources are infinite”


“Humans have the knowledge to manage our planet”



Section 1.1: The Silence of the Frogs

Producers, Consumers and Decomposers

Producer: These are autotrophic organisms.  This means that they produce their own food.  They are usually plants.  They are the base of the food chain.

Autotroph:  These are organisms that obtain energy from the abiotic environment to build organic molecules.  They use carbon dioxide, water, nitrogen, phosphate and an energy source to synthesize carbohydrates, lipids, proteins and nucleic acids.  These are organic molecules that are vital to life.  

Autotrophs may use either photosynthesis or chemosynthesis to produce biological molecules.

Chemosynthesis:  These are producers or autotrophs that depend on an energy source other than the sun to produce their own food.  They obtain energy from the breakdown of inorganic substances such as sulphur or hydrogen sulfide gas.  Ex. nitrogen fixing bacteria, blue- green algae.

Consumer:  These are heterotrophic organisms.  They must consume plants or other animals for energy because they are not capable of photosynthesis or chemosynthesis.

Heterotroph:  These are organisms that obtain food or energy from autotrophs or other heterotrophs.  They are not capable of producing their own food for energy through photosynthesis or chemosynthesis.

Consumers can be categorized according to their specific trophic level as follows:

Primary consumer:  Herbivores that obtain their nutrients directly from plants.  Ex. a cricket that eats grass.

Secondary Consumer:  Carnivores that feed on herbivores.  Ex. A frog that eats a cricket

Tertiary Consumer:  A carnivore that consumes a secondary consumer.  Ex. An owl that eats the frog.

Top Carnivore:  The final carnivore in all food chains.  Ex. The hawk eats the owl.

The following are some specific heterotrophic organisms:  

Herbivores:  Obtain their food exclusively from plants; 1st order consumers.  Ex. insects, elephant, snowshoe hare, buffalo

Carnivores:   Obtain their food from other animals which may include eating herbivores or carnivores.  Ex. tiger, wolf, lynx

Omnivores:  Obtain their food from both plants and animals.  Ex. humans and bears

Saprobes:  Obtain food from dead and decomposing organisms.  Ex: bacteria and fungi feeding on dead tissue.

Two special types of carnivores include:

Scavengers: organisms which feed on primarily carrion; nature’s clean up crew.  They are considered to be larger detritus feeders. Ex. vultures and ravens

Predators:  Any organism which feeds on or kills other organisms.  Ex. wolf, bobcat, owl, hawk, dragonfly, robin

Decomposer:  These are organisms that breakdown the remains and wastes of other organisms to obtain their own organic nutrients.  They play a vital role in the recycling of matter.  

Decomposers consist of bacteria and fungi.  They are considered to be heterotrophs or microconsumers.  They may also be called saprophytes or saprobes when their food source is limited to dead tissue.

Detrivore (Detritus Feeder):  These are organisms which feed on dead organic matter or wastes such as dead animals, dead leaves and intestinal wastes.  Larger detrivores are called scavengers.  Ex.  ravens, vultures, carrion beetles, earthworms, maggots bacteria and fungi.



Section 1.2: Canada’s Endangered Species
Use Page 14 to complete the following table:

	Classification
	Description
	Example

	EXTINCT
	
	

	ENDANGERED
	
	

	EXTIRPATED
	
	

	THREATENED
	
	

	VULNERABLE
	
	


By the early 1900s the Bald Eagle population started to decline on the shores of Lake Erie.  Give 2 reasons why:

1. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________
1.3 Extinction in a Modern World

Biodiversity is the number of different species of organisms in an ecosystem.  With increased biodiversity we see: (i) More species (ii) More predator-prey relationships (iii) More stable ecosystems (iv) Less possibility of extinction any given species (v) Alternative food sources.  With decreased biodiversity we see: (i) Fewer species (ii) Predators may loose their source of food (iii) Leads to a very unstable ecosystem (iv) Extinction of one species could lead to the destruction of the entire ecosystem.

Question

1. What is meant by the term biodiversity?  Relate your understanding of this term to the fragility or stability of ecosystems (or biomes).

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



1.4 Explore an Issue: What is the Value of Wolves
Once an ecosystem has been damaged by extirpation, what should we do?  Examine the case study on the wolves Yellowstone National Park and complete the following questions.

Textbook Questions 

p. 21 #’s 1, 2 and 3 from Understanding the Issue
p. 21 # 1 from Perspectives on the Value of Wolves



Section 1.5: Ecology

Ecology is the branch of biology that deals with the interactions among organisms and between organisms and their environment.

Ecosystem is a term used to describe the relationship among many living species in an environment and the relationships among those organisms and the non-living components of the environment.  Examples: a small mud puddle, forest, pond or the earth.

The boundaries between ecosystems are generally not sharp, but rather gradual where there is an intermingling of organisms from each ecosystem.  These transitions are called ecotones.  Ecotone can be defined as the transition area between two ecosystems, where organisms from each interact.  Example: A marsh between a pond and a field

Ecotones are more stable than ecosystems because: (i) There tends to be a greater number of species of organisms within these areas (ii) This provides for alternative food sources for predators.  Ecosystems with greater biodiversity tend to be more successful because there are more organisms to interact with one another.

The environment can be divided into two parts:

A. Biotic Factors

B. Abiotic Factors

A. Biotic Factors:  

· These are the living or the recently living components of the biosphere.  These organisms can range from the very large such as Killer whales and black spruce trees to the very small such as microbes.

· Biotic can refer to organisms that were recently alive and are decomposing.  

Ex: A dead Balsam fir providing habitat for small mammals, insects or decomposers.  Ex: A dead moose being eaten for food.

· Biotic factors may limit the size of a population. (ie. food supply, predator-prey relationships, microscopic disease causing organisms, parasites and poisonous plants)
· Biotic factors may interact to promote survival such as the symbiotic relationships between bees and flowers or legumes and rhizobium bacteria

· Biotic interactions may also include feeding levels and energy flow in a food chain

B. Abiotic Factors: 

These are the nonliving components of the biosphere.  They include chemical and physical factors such as:

(i) The Availability of Water

· Water must be conserved and protected from contaminants

· Certain organisms have adapted to availability of water.  A cactus requires very little, a pitcher plant requires a great deal.
(ii) Changes in Temperature

· Organisms are adapted to survive under certain temperatures. Reptiles can not survive in the north.  Likewise, polar bears can not survive around the equator.

· Salmon need high amounts of dissolved oxygen.  This means that the water should remain cool.  Removal of trees that shade rivers jeopardize the survival of salmon.

(iii) The Amount of Light

· Energy for all living things comes directly or indirectly from sunlight.  Plants are dependent upon light for photosynthesis to produce energy that can be passed along a food chain.

· The amount of light will vary within an ecosystem.  Ie. plants on the forest floor receive little light.

· The amount of light varies according to the type of plant.  Ie. the Indian Pipe requires no light at all so it must be dependent upon surrounding plants for its sustenance
· Migration, hibernation and reproduction are all influenced by day length

(iv) Organic and Inorganic Nutrients

· Plants require nutrients and pass them down from the food chain to herbivores and, in turn, to carnivores

· Organic nutrients come from dead plant and animal matter and are broken down by decomposers

· Inorganic nutrients (or minerals) come from broken down rock particles

· Organic and inorganic nutrient content can vary from ecosystem to ecosystem.  For example, peatlands are high in organic nutrients whereas other ecosystems such as rocky barrens are considered to be mineral soils.

(v) The Composition of Soil

· Plants require vital nutrients from the soil – organic and inorganic

· Different kinds of plants require different kinds of soil.  For example, the bog laurel requires acidic soils whereas fireweed will prefer burnt over ground or wooded areas.

· Soil is habitat for plant, worms, insects, bacteria and fungi.  Many organisms living in the soil are vital to decomposition and the continuous recycling of nutrients.

(vi) Space

· Space in any ecosystem, as well as resources within that space, is limited.  This will limit population size.

(vii) Dissolved Oxygen

· Aquatic systems require a certain level of dissolved oxygen for organisms to survive.

· Dissolved oxygen levels are decreased by increasing temperature through such factors as cutting down trees along a riverside or thermal pollution from industry.

· Fast moving water contains more oxygen.  Obstructions such as dams reduce oxygen levels.

(viii) pH Levels

· Aquatic organisms require an optimal pH between 6.5 –8.2

· Acidity may come from the mining industry, industrial wastes, or acid rain

· Certain plants are adapted to certain pH.  For example, sphagnum moss in adapted to the acidic soil of peatlands



1.10: The Transformation and Efficiency of Solar Energy in the Biosphere

Solar energy must first be captured by photosynthesis so that it may be used by organisms in the biosphere.  Photosynthesis results in the production of complex carbohydrates, proteins, nucleic acids and lipids.

Autotrophs represent energy fixation for the entire biosphere.  However, of the energy received from the sun the plant uses 63% for its own metabolism or stores it in its tissues.  Only 16.2 % is available to the primary consumer.  During decomposition, only 20.4 % is available to decomposers.  What happens to the rest of the energy before it reaches the primary consumer?
Only about 0.023% of the light from the sun is used by the plant to make sugar.  Of the remaining energy, 1% generates wind, 25% heats and evaporates water, 30% reflected by clouds, and 44% heats the atmosphere and the Earth’s surface. Therefore, only a small portion of energy is transported through the food chain.  The energy that does get transferred is vital to the biosphere.  The energy that does get transferred is vital to the biosphere.



Section 1.11: Following Energy Movement in Ecosystems

Food Chains

Trophic Level: This refers to the number of energy transfers an organisms is from where energy first entered the system.  It is a hierarchy of the different feeding relationships in an ecosystem
· Plants are considered to be the first trophic level.

· All species are separated into trophic levels, based on their main source of nutrition

· This structure determines how energy flows and matter cycles through an ecosystem 
[image: image1.jpg]Trophic level  Organism Pyramid Energy (kJ) _Biomass (kg) _Numbers

39 Consumer Owls I 100 10 i
2° Consumer Rodents H 1000 100 100
1° Consumer Insects 10 000 1000 50 000

1° Producer Grasses 100 000 10 000 100 000
















Trophic levels

Note: Ecosystems will vary in the number of trophic levels

· The top level, no matter how many levels, will consist of top carnivores
· There are rarely more than 5 levels because so much energy is lost at each level. 

· The amount stored in plants must be very high to meet the needs of higher levels
Food Chain:  A step by step feeding sequence of whom eats whom in which energy is transferred.

Most food chains originate with plants.  Plants are consumed by herbivores and herbivores are consumed by carnivores.  A food chain will end at the top carnivore which is consumed by decomposers.  In fact, all organisms will eventually be consumed by decomposers.

Examples:

Plant  (  white-tailed deer  (  wolf

Grass (  grasshopper  (  frog  (  snake

Phytoplankton  (  zooplankton  (  small fish  (  large fish  (  osprey

COMPONENTS OF ECOSYSTEMS







Die


Release






     Die



Food Webs

· Food webs are a series of interlocking food chains that represent the transfer of energy through various food chains.
· Organisms can not be dependent on a single food source.  An ecosystem is more stable when all organisms are dependent on a variety of food sources.
· Food webs are very complex and are often never entirely understood.  This is why they should not be tampered with in regard to pollution and habitat destruction.
· The complexity of a food web can vary from one geographical location to another.  Those in the tundra are far less complex than those of the rainforest.  This makes the tundra more fragile in the respect to stability of food webs.

Question: The diagram in Figure 1 on page 22 of the student text includes the following organisms. Use the information from the chart to construct a food web of the species in the habitats below.

	Pond
	Ecotone
	Field

	algae

aquatic plants

crayfish

dragonflies

dragonfly nymphs

duck
	minnows

mosquito larvae

tadpoles

zooplankton


	aquatic plants

butterflies

cattails

dragonflies

ducks

earthworms
	frogs

grasses

hawks

mice

snails
	butterflies

grasses

larks

mice
	raccoons

toads

voles


Pyramid of Energy

· Represents the amount of energy available in an ecosystem

· The greatest amount of energy is present at the base of the pyramid – which is the producers

· The least amount of energy is present at the top of the pyramid – which is the highest level consumer.

· There are usually no more than 4 or 5 feeding levels in an ecosystem because of decreasing energy flow.  
Why so much energy is lost from one level to the next?

1. ________________________________________________________________________________________________________________________________________________________
2. ________________________________________________________________________________________________________________________________________________________

3. ____________________________________________________________________________

____________________________________________________________________________

4. ________________________________________________________________________________________________________________________________________________________
Complete the Pyramid of Energy:

EFFICIENCY:  At each level, only about 10% of the energy below is present.  This means that as much as 90% of the energy at each level is lost as heat, used up in metabolism or left to decompose.

Pyramid of Biomass

· This is another way of representing energy transfer in a food chain.

· Biomass is the measure of the total dry organic matter in an area.

· The mass of  the producers is greater than the mass of the consumers

Pyramid of Numbers

· In most ecosystems, producers are usually the most plentiful on numbers.

· First order consumers are less numerous and must eat many producers to obtain enough energy.

· Consumers at the top of the pyramid are the least plentiful in numbers

· There are some exceptions to the pyramid of numbers.  For example, one tree may provide food for thousands of insects.
Example:
Pyramids for a grassland ecosystem

Notes:

1. Values used are for demonstration purposes only

2. Although most pyramids narrow from producers to top carnivores there are some exceptions, particularly with pyramids of numbers (see Figure 8, Page 37)

Energy Flow in Ecosystems

The energy that flows from the sun through ecosystems must obey the Laws of Thermodynamics:
1. First Law: Energy cannot be created or destroyed but can be transformed (changed) from one form to another

· Eg. chemical energy in the form of organic molecules can be converted to thermal energy (heat)

2. Second Law: During any energy transformation, some of the energy is converted to an unusable form
· This form is mostly heat, which cannot be passed on to the next trophic level

· Energy flows and cannot be recycled, thus a constant input is needed 



Section 1.12: Roles in Ecosystems

Habitat:  This is the physical area in which an organism lives.  This area dictates the best chance for survival.

Examples:   

· Blue Jay in a tree

· Worm in the soil

· Crayfish in a slow moving stream

Ecological Niche: This is the role or function of an organism in an ecosystem.

It includes the abiotic and biotic conditions that enable it to successfully survive.  It can include how it may promote the survival of other organisms or how it may control the population size of other organisms.

Examples: 

· Squirrels eat seeds and distribute them in their wastes.
· Water Lily carries out photosynthesis, producing food for an aquatic ecosystem.  The lily provides habitat for insects and insect larvae.

Habitat can be considered an organism’s address whereas niche can be considered an organism’s occupation.

Competition:  This is the struggle among organisms for limited natural resources such as food, water and space.

· Interspecific Competition:  This involves competition among different species for the same resources that are limited.

· If two species occupy the same ecological niche, one will be eliminated.  This known as the competitive exclusion principle.

· Intraspecific Competition:  This involves competition between members of the same species for the same resources.  The most well adapted organism to the environment will survive – “survival of the fittest”.

· This can be caused by an increase in population density and/or a reduction in the resources.  It can result in stress, reduced health, decline in reproduction and emigration.  It can be represented by territoriality and dominance hierarchies.

Symbiotic Relationships

Symbiosis:  This is known as long term interactions between two species.  Symbiosis is the Greek word meaning “living together”.

There are three (3) types of symbiotic relationships:

A. Parasitism:  an organism gains nutrition from tissues of another organism (host).  The relationship benefits the parasite but harms the host.

Examples:

· Tapeworms

· Fleas

· Lampreys

B. Commensalism:  An organism benefits from the relationship but neither harms nor helps the other organisms.

Examples:

· Epiphytes in the rainforest

· Remora on sharks that eat left over food

· Barnacles on sharks

C. Mutualism: Two organisms live together and both benefit from the relationship.

Examples:

· Legumes get nitrates from nitrogen fixing bacteria which, in turn, receive sugars from the plant.

· Bacteria in our stomachs provide us with certain vitamins.  They receive nutrients from the digestive tract.

· The shape of flowers is adapted to fit the sucking parts of a particular insect.  The insect receives nectar and help in the pollination of the plant.

· Lichens are made up of algae and fungus.  The algae carries out photosynthesis and the fungus provides framework and moisture.




Quartenary (4o) consumers = carnivores











5th








He terotrophs














Tertiary (3o) consumers = carnivores





4th











Secondary (2o)  consumers = carnivores





3rd








Primary (1o) consumers = herbivores





2nd








Primary producers (autotrophs)





Primary producers (autotrophs)





1st








DECOMPOSERS (SAPROBES)


Fungi, bacteria





NUTRIENTS


Nitrates


Phosphates


Potassium


etc





CONSUMERS


Herbivores


Carnivores


Omnivores





(Food Chains


and


Food Webs)





PRODUCERS


(AUTOTROPHS)








 SUN








PAGE  
6

